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Abstract

Abstract

Waxflower (Chamelaucium uncinatum Schauer) is an Australian native
flower that is available in different colours, simed flowers shape. Waxflower is one
of the most popular cut flowers worldwide with aoguction of more than 300
million cut flower stems per year. Waxflower is ooé the leading commercial
Australian native flowers and is now in the top t¥fes of flowers, in terms of
volume sold in Europe. However, most of the waxBowenotypes are sensitive to
ethylene, which accelerates flower/bud abscissiaunsed by the accumulation of
exogenous ethylene in the post-harvest atmosphbigcan be a major issue for the
international trade of Australian waxflowers. 1-Mgtyclopropene (1-MCP) and
silver thiosulfate (STS) are commercially beingdubg the floriculture industry but
there are some difficulties, such as 1-MCP is aagaiscan be applied only in tightly
closed chambers. STS is a heavy metal and det@ineat the environment.
Therefore, these difficulties offer an attractiveportunity to search new effective
ethylene action inhibitors. The present investmadi are aimed to evaluate the
efficacy of various alternative ethylene antaganistinhibiting ethylene action and
reducing abscission of flowers/buds in differematgpes of cut waxflowers. Some
of the chemicals were synthesised into either stdigjuids, solids or gases to
facilitate their application, such as isoprene exidllyl butyl ether, 1-octene oxide,
1H-cyclopropablnaphthalene  (NC), H-cyclopropabenzene (BC) and 1-
hexylcyclopropene (1-HCP) and others including fysoe, butyl acrylate, 1-octene
oxide purchased from different companies. Meanwtollbers have been derived
from naturally occurring products such as commatiunahterpene moleculdsans-
cinnamaldehyde (CA), (+)-carvone, eugenol a8 ({)-limonene and also, these
chemicals were purchased from different compamnidksthese compounds were
chosen as ethylene antagonists are /or are stallgtgimilar to reported antagonists

of ethylene in fruits and vegetables.

The effects of different concentrations (0.5, 11d &.0 uM) of active
ethylene antagonists such as CA, NC, BC and 1-H€CEtloylene action in reducing
flowers/buds abscission in different genotypes akflowers were also examined.
The effects of activeethylene antagonists such &4, NC, BC and 1-HCP in

combination with vase solutions containing distillevater, 58.5 uM sucrose or
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fructose and/or supplemented with 100 mg &-hydroxyquinoline sulphate (8-
HQS) on vase life of different waxflowers were exabd. The general testing
method used was to fumigate flowering stems oked#ifit genotypes of waxflowers
with different ethylene antagonists alone in 60laspc drums for 18 h. Sprigs were
fumigated with (1 pM) ethylene antagonist alone 18r h, stems were fumigated
with 10 pL L* ethylene alone for 24 h, with an ethylene antagidor 18 h followed
by their exposure to ethylene (10 pt)Lfor 24 h, untreated flowering stems were
kept as control. Effects of various treatments towérs/buds abscission were
recorded following the treatments. In the vase &kperiment sprigs of different
waxflower genotypes were fumigated with 1 uM ofyhe antagonists including
CA, NC, BC or 1-HCP chemicals for 18 h and then skems were kept in vase
solutions containing distilled water and held iwase life room to assess flower and
leaf vase life in four different genotypes of cudxilowers. Meanwhile, in another
experiment the flower stems of ‘WX14’ and ‘WX74’ weefumigated with 1 pM
trans-cinnamaldehyde,H-cyclopropab]naphthalene and 1-hexylcyclopropene alone
as ethylene antagonist for 18 h in 60 L plastiontsdollowed by treatments in vase
solutions containing 58 6M sucrose or fructose and 8-HQS (100 mfy. Untreated
sprigs were kept in plastic drums as a control.

Among different fumigation treatments tested,clyne, isoprene oxide, (+)-
carvone, eugenol, allyl butyl ether or 1-octenqu{d) for 18 h to flower stems of
‘White Spring’, ‘WX17’, ‘WX116’, ‘Muchae Mauve’, ‘WX110" and ‘Jenny’
waxflowers and followed by exposure to ethylematment (1QL L) for 24 h did
not reduce flowers/buds abscissiand the ethylene treated sprigs exhibited 100%
flowers/buds abscission. Meanwhile, the fumigatimeatment of CA, 9-(-)-
limonene, NC, BC or 1-HCP were the most effectivanhibiting ethylene action
and reducing ethylene-induced flowers/buds absurisas recorded in the average of

the total reduction of flowers/buds abscissionantefive effective chemicals.

1. trans-cinnamaldehyde: The sprigs of ‘WX73’, ‘WXFU’, ‘WX, ‘WX56’,
‘WX58’, ‘Hybrid1’, ‘Revelation’ and ‘Purple Pride’ genotypes fumigated
with trans-cinnamaldehyde followed by ethylene treatment leixdxl 67.72%
mean reduction in flowers/buds abscission as coatptr those fumigated
with ethylene alone.

Vi
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2. (9-(-)-imonene: The flowering stems of ‘WX73', ‘WXF, ‘WX17’,
‘WX56’, ‘WX58’ and ‘Purple Pride’ genotypes treatedth (S)-(-)-limonene
followed by ethylene fumigation showed 54.19% meaduction in
flowers/buds abscission as compared to those fuedgaith ethylene alone.

3. 1H-cyclopropaplnaphthalene: ‘WX73’, ‘WX56’, ‘WX58’, 'WX107’,
‘Jenny’, ‘Hybrid 1’, ‘Revelation’ and ‘Purple Pride’ genotypes stems
fumigated with H-cyclopropablnaphthalene followed by ethylene
fumigation showed 63.49% average reduction oveatrment of ethylene
alone.

4. 1H-cyclopropabenzene: The sprigs of ‘WX73’, ‘WX56WX58’, 'WX17’,
‘Revelation” and ‘Purple Pride’ genotypes treated withH-1
cyclopropabenzene followed by ethylene applicasbowed 68.39% mean
reduction in flowers/buds abscission in comparisonthose treated with
ethylene alone.

5. 1-Hexylcyclopropene: The flowering stems of hybrahd non-hybrid
‘WX73’, ‘WX56’, ‘WX58', ‘Hybridl’ and ‘Purple Pridé genotypes
fumigated with 1-hexylcyclopropene followed by d#ne fumigation
exhibited 84.81% mean reduction in flowers/budsceslsgon compared to
those fumigated with ethylene alone. Additionaliy, ‘Purple Pride’,
‘Revelation” and ‘Hybridl’ waxflowers fumigated kit trans
cinnamaldehyde,H-cyclopropab]naphthalene,  H-cyclopropabenzene
and 1-hexylcyclopropene (0, 0.5, 1.0 and 2.0 uM) 18 h followed by
ethylene exposure for 24 h, 1 uM concentration §aton was the more
effective in reducing flowers/buds abscission as\gared to the other two

concentrations tested.

In vase life experiments, the sprigs of ‘CrystalafPe ‘Lady Stephanie’,
‘Purple Pride’ and ‘WX74’ waxflower were fumigatedth 1 uM CA, NC, BC or 1-
HCP and kept in DW distilled water alone. 1- HCP) fumigation for 18 h
resulted in significantly longest flower vase I{0.71 days) when kept in DW alone
as compared to all other fumigation treatmentsamdrol (18.29 days). Meanwhile,
1 uM fumigation of NC, 1-HCP o€A for 18 h resulted in longer leaf vase life in
comparison to the control and BC fumigation treattme Meanwhile, flowering
stems of ‘WX74’" and ‘WX14’fumigated with CA, NC or 1-HCP alorend as a

vii
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combination of fumigation treatments with vase #olu containing 58.5 uM of
sucrose or fructose and/or 100 mg! I8-HQS and the fumigation of 1-
hexylcyclopropene otrans-cinnamaldehyde followed by vase solution contajnin
sucrose and 8-HQS were effective in extending M#se of flowers/leaves in

‘WX74" and ‘WX14’ as compared to treatments and ¢batrol.

In conclusion, five compounds including S4(-)-limonene, trans-
cinnamaldehyde, H-cyclopropabenzene, Htcyclopropapjnaphthalene, and 1-
hexylcyclopropene were effective in inhibiting e action consequently
reducing flowers/buds abscission in a range of raliah waxflower ‘WX73’,
‘WXFU’, ‘WX17’, ‘WX56’, ‘WX58’, ‘Hybrid1l’, ‘Revelat ion’, ‘WX107’, ‘Jenny’
and ‘Purple Pride’ genotypes. Additionally, fumigat treatments oftrans
cinnamaldehyde, 1-hexylcyclopropene andH-dyclopropablnaphthalene were
efficient in inhibiting the ethylene action conseqtly delaying flower and leaf
senescence as well as extending the vase life osfefs and leaf in different
genotypes of waxflower. The reduction in both afsion of flowers /buds and
senescence of leaf and flowers in waxflowers witle fumigation of $-(-)-
limonene, trans-cinnamaldehyde, H-cyclopropabenzene, HE
cyclopropab]lnaphthalene, or 1-hexylcyclopropene suggests ttieege compounds

are potential ethylene antagonists.

viii



Table of contents

Table of Contents
DECIAratioN. .. ... e s [
Acknowledgments........c.ooe v e
Y 0153 1 = o R Y
Table of contents.........oo i IX
LISt Of fIQUIES ... e XVii

LISt Of tADIES. .. e e XXV

List of symbols and abbreviations................cooiiiiiii i, XXViil
CHAPTER 1. General introdUcCtion... ... ....c.ooe oo e e e e 1
CHAPTER 2. General literatur@ reVieW........o.oveieie e 7

2.1, INtrodUCHION... ...t e e e e e
2.2. Ethylene. ..o e, 13
2.2.1. Biosynthesis of ethylene...............ccoiiiiiii e, 16
2.3, SENESCENCE. .. ..ot e et e e ee e e e 18
2.4. Abscission of flowers/buds ... 20

2.5. Prevention of ethylene action ................coooiiiiiiiiiic i e e 22
2.5.1. Inhibitors of ethylene biosynthesis................co i cee e 23
2.5.2. Inhibitors of ethylene action at recepteele........................... 24
2.5.2. 0. SIVEIIONS. ..o e e 24
2.5.2.2. 2,5-Norbonadiene (2,5-NBD) andns-cyclooctene (TCO)......... 26
2.5.2.3. Diazocyclopentadiene (DACP)......ccovvi i e e 27
2.5.2.4. CYCIOPIOPENES. ... ettt e et et e e e e e e e e 28
2.5.2.4.1. 1-Methylcyclopropene (1-MCP).......cccoiiiiiiiiiniiie e, 29
2.6.VaSE T, .. 32
CHAPTER 3. General materials and methods.................cccoveuveeen. 37
3.1 Plant material. ... 37
3.2. Harvesting flowering Stems..........oviiiii i e 83
3.3. Sources of ChemiCalS ..........ovii i e 40

3.3.1. Preparation of solutions of different compast......................... 42

3.4. Application of ethylene antagonists to cut fl@axers..................... 42
3.5. Ethylene treatment....... ..o 43
3.6. Flowers/buds abSCISSION.......c.uvviiiie e ee e 44



Table of contents

3.7. Effects of ethylene antagonists and differertypes of vase solutions

on vase life of different genotypes of waxflowers......................o.... 45
3.7.1. Plant material..............cooi i e 45
3.7.2. Application of ethylene antagonist fumigaticeatments............... 45
3.7.3. Assessment of vase life of flowers and Ieave........................ 47

3.8. Effect of fumigation of H-cyclopropalb]naphthalene (NC),trans-
cinnamaldehyde (CA) and 1-hexylcyclopropene (1-HCP) in
combination with vase solution containing sucrose, fructose

supplemented with 8-hydroxyquinoline sulphate on eension of vase

life of flowers in ‘WX74" and ‘WX14’ waxflowers........................... 48
3.8.1. Plant material and harvesting flowering gem........................ 48
3.8.2. Vase life SolutionS.........cooiiiii i i e, 49

3.8.3. Application of treatments of ethylene intobs on vase life of

WAXTIOWETS ... . e 49
3.8.4. Assessment of vase life and leaves..............cccovviiiieiieenn 49
3.8.5. Experimental design and statistical analgktata..................... 49
CHAPTER 4. Screening of potential antagonist of etylene action
through reducing abscission of flowers/buds in waidwers................ 50
4.1, INtrodUCHiON......ieie it it e e e e e DL
4.2. Materials and Methods...........c.covii i, 54
4.2.1. Sources of chemicals ... 54
4.2.2. Plantmaterials...........cocooiiiiiii DD
4.2.3. Harvesting flowering Stems..........cccceiiiiiii i i 56
B d o1 41T ] £ o )

4.2.4.1. Experiment 1: Effect of 1l-octyne fumigation abscission of
flowers/buds in ‘White Spring’ waxflower...... ..o, 56
4.2.4.2. Experiment 2: Effect of isoprene oxide iigation on abscission of
flowers/buds in ‘WX17" waxflower............cooooiiiiiiiiii i, B
4.2.4.3. Experiment 3: Effect dfrans-cinnamaldehyde fumigation on
abscission of flowers/buds in ‘WXFU’ waxflower............cccccooenn .. 58
4.2.4.4. Experiment 4: Effect of (+)-carvone fumiga on abscission of
flowers/buds in ‘WX116" waxflower............ccoovviiiiiii i 5

4.2.4.5. Experiment 5: Effect of eugenol fumigation abscission of



Table of contents

flowers/buds in ‘Muchae Mauve’ waxflower.................ccocoeiieien. 58
4.2.4.6. Experiment 6: Effect of 1-octene oxide ifggion on abscission of
flowers/buds in ‘Southern ‘Stars’ waxflower...............c.oeveeiiennn. 59
4.2.4.7. Experiment 7: Effect 0§)¢(-)-limonene fumigation on abscission
of flowers/buds in ‘WX73’ waxflower...................cooeiiiiiiiiceiee .. 59
4.2.4.8. Experiment 8: Effect of butyl acrylate figation on abscission of
flowers/buds in ‘Southern Stars’ waxflower................ocovvieveeni o 59
4.2.4.9. Experiment 9: Effect of allyl butyl ethemigation on abscission
of flowers/buds in ‘WX110" waxflower............ccooi i, 60
4.2.4.10. Experiment 10: Effect of Hicyclopropablnaphthalene
fumigation on abscission of flowers/buds in ‘WX1@vaxflower............ 60
4.2.4.11. Experiment 11: Effect of 1-octene fumigaton abscission of
flowers/buds in ‘Jenny’ waxflower..............c.ooiii i 60
4.2.4.12. Experiment 12: Effect oHicyclopropabenzene fumigation on
abscission of flowers/buds in ‘WX17" waxflower............oivevneen. 61

4.2.4.13. Experiment 13: Effect of 1-hexylcyclopeop fumigation on

abscission of flowers/buds in ‘WX73’ waxflower............oeeieenn ... 61
4.2.5. Experimental design and statistical analgbtata..................... 61
4.3 RESUITS ...t e 63
4.3.1. Effect of different chemicals on mean flogébuds abscission in
different genotypes of ‘Geraldton wax’ in flowerisgason of 2014........... 63
4.4, DISCUSSION ...ttt ittt e e e et e e e e et e e e e e a e e 64

CHAPTER 5. Trans-cinnamaldehyde fumigation protects different

genotypes of waxflowers from detrimental effect ofethylene on

abscission of flowers/buds...............ccocoii . 68
5.1, INtrOUCHION ..eeee e e e e e e e e 69
5.2. Materials and Methods...........ccoiii i, 73
5.2.1. Sources of chemicals ..........coooiiiii i 73
5.2.2. Plant material.............cooii i e 13
5.2.3. Harvesting flowering stems...........ccoiii i, 73
5.2.4. Treatments and methods...............cccoeeiiiiiicii . 74
5.2.5 EXPeIMENTS.....i ittt it e et e e e e v neiieieeaneene 1D

Xi



Table of contents

5.2.5.1. Experiment 1. Effect of fumigation tfans-cinnamaldehyde,
ethylene alone andrans-cinnamaldehyde treated flowers followed by
ethylene exposure on abscission flowers/buds of M/XWXFU’ and
‘WX17’ genotypes of waxflowers in 2014............cccoeiiiiiiiiiie e ennnn, 75
5.2.5.2. Experiment 2: Effect of fumigation tfans-cinnamaldehyde,
ethylene alone andrans-cinnamaldehyde treated flowers followed by
ethylene exposure on abscission flowers/buds of 38/ Xand ‘WX56’
genotypes of waxflowers in 2015..............ccceoi i viiiiiiieiie i, 15D
5.2.5.3. Experiment 3: Effects of different conecations of trans-
cinnamaldehyde, ethylene alone amdns-cinnamaldehyde followed by

exposure to ethylene on abscission of flowers/batisPurple Pride’,

‘Revelation’ and ‘Hybrid1’ genotypes of waxflowars2015............... 76
5.2.6. Experimental design and statistical analgkdata................... 76
5.3 RESUIS. .. 77
5.3. 1. EXPeIMENt L oot e e e e e e e 77

5.3.1.1. Effect of trans-cinnamaldehyde (CA) fumigation on mean
flowers/buds abscission in ‘WX73" ‘WXFU’ and ‘WX173enotypes of
waxflower in 2014 - 2015..........cocoiiiiii 77

5.3.2. EXPIIMENT 2 o e e e e e e e e e 77
5.3.2.1. Effect of trans-cinnamaldehyde (CA) fumigation on mean
flowers/buds abscission in ‘WX56" and ‘WX58’ genpgs of waxflower

IN 2004 — 2005 o 77
5.3.2.2. Effect of trans-cinnamaldehyde (CA) fumigation on cumulative
flowers/buds abscission in ‘WX73’, ‘WXFU’ and ‘WX1genotypes of
WAXTIOWET . ... e e e e e 79
5.3.2.3. Effect oftrans-cinnamaldehyde (CA) fumigation on cumulative
flowers/buds abscission in ‘WX56" and ‘WX58 genpgs of
WAXTIOWET ... e s 80
5.3.3. Experiment 3: Effects of different concetitnas of trans
cinnamaldehyde fumigation alone atréns-cinnamaldehyde fumigation
followed by exposure to ethylene on flowers/budscasion of ‘Purple
Pride’, ‘Revelation’ and ‘Hybrid1’ waxflowers in 26....................... 83

B, DISCUSSION .ottt e e e e e e e e e e e 85

Xii



Table of contents

CHAPTER 6. (S)-(-)-limonene fumigation protects waxflowers from

detrimental effects of ethylene on abscission ofofivers/buds................ 89
6.1. INtroduCtion.........coovvieiie i e e e e 90
6.2. Materials and Methods.............coooiiiiiiii i e 92
6.2.1. Source of ChemiCalS ..........ccuieiiiiiiii e 92
6.2.2. Plant material..........c.oo i eeeeeeeeenns 92

6.2.3. Harvesting flowering stems.............c oo e 93
6.2.4. Treatments and Methods..........cooviiiii i e 93
6.2.5. EXPEIIMENTS ..ot e e e e e e e e 94

6.2.5.1. Experiment 1: Effect of fumigation &){-)-limonene, ethylene
alone and 9-(-)-limonene treated flowers followed by ethylegxposure
on abscission of flowers/buds of ‘WX73 ‘WXFU’, ‘WX7’, ‘Purple

Pride’, ‘WX56’ and ‘WX58’ genotypes of waxflowera 2014 -2015........ 94
6.2.6. Experimental design and statistical analykdata..................... 94
B.3. RESUIL. ...t e e 95

6.3.1. Experimentl.Effects of @-(-)-limonene fumigation on mean
flowers/buds abscission in ‘WX73’, ‘WXFU’, ‘WX17';Purple Pride’,
‘WX56’ and ‘WX58’ genotypes of waxflower in 2014025................. 95
6.3.2. Experiment 1. Effects 0§ (-)-limonene fumigation on cumulative
flowers/buds abscission in ‘WX73’, 'WXFU’, ‘WX17';Purple Pride’,
‘WX56’ and ‘WX58’ genotypes of waxflower..............cccoceeeieieeo.. 98
6.4, DISCUSSION .. ueiit it cie ettt et e e e e e et e e e e e aes 101
CHAPTER 7. Influence of 1-Hexylcyclopropene fumigabn on
reducing detrimental effects of ethylene on abscies of flowers/ buds

in different genotypes of cut waxflowers...................cooecvveee e, 104
7.1, INtroducCtion.........oov it nemee e, 105
7.2. Materials and Methods............coooiiiiii e 107
7.2.1. Source of chemicals ....... ..ot 107
7.2.2. Plant material............coooiiiiiiii e 107
7.2.3. Harvesting flowering Stems..........c.coooiii i e 108
7.2. 4, EXPEIMENTS....iit it it re e e eieeeeennenneieeeneemmee. 108
7.2.4.1. Experiment 1: Effect of fumigation of Ixlgkyclopropene,

ethylene alone and 1-hexylcyclopropene treated diswfollowed by

Xiii



Table of contents

ethylene exposure on abscission of flowers/budsWixX73’, ‘Purple
Pride’, ‘WX56’ and ‘WX58’ genotypes of waxflowera 2014 — 2015...... 108
7.2.4.2. Experiment 2: Effects of different concatibns of 1-
hexylcyclopropene, ethylene alone and 1-hexylcydpgne followed by
exposure to ethylene on flowers/buds abscissighlybridl’ and ‘Purple

Pride’ genotypes of waxflowers in 2015...........c.ccooiiiiiii i, 109
7.2.5. Experimental design and statistical analgktata........................ 109
7.3 RESUIES ... . 110

7.3.1. Experiment 1: Effect of 1-hexylcyclopropdheHCP) fumigation on
mean flowers/buds abscission in ‘WX73’, ‘Purple defj ‘WX58 and
‘WX56’ genotypes of waxflower in 2014 -2015............ccovve vt vmenen. 110
7.3.2. Experiment 2: Effect of 1-hexylcycloproperié-HCP) on
cumulative flowers/buds abscission in ‘WX73’, ‘PlapPride’, ‘WX58’

and ‘WX56’ genotypes of waxflowers in 2014 - 2015..................... 112
7.3.3. Experiment 3. Effects of different concetimas of 1-
hexylcyclopropene fumigation alone and 1-hexylcgotpene fumigation
followed by exposure to ethylene (10ut)Lon flowers/buds abscission of
‘Hybrid1’ and ‘Purple Pride’ waxflowers in 2015.........ccccoovevieinnne. 114
7.4, DISCUSSION ...ttt ittt e e et e et e e e e e e 116
CHAPTER 8. 1H - cyclopropabenzene and H-cyclopropa [b]
naphthalene fumigation protects different genotype®f cut waxflowers

from the detrimental effects of ethylene on abscism of flowers/buds 119

8.1. INtrodUCtiON.......ovivi i 120
8.2. Materials and Methods............coo i e, 123
8.2.1. Sources of chemicals............ccoovii i 123
8.2.2. Plant material...........c.ccoiiiiiiiii e 123
8.2.3. Harvesting flowering Stems..........ccooo i 123
8.2.4. EXPEIMENTS. ...ttt ittt et e e e e e nen e e nenee 124
8.2.4.1. Experiment 1: Effect ofHtcyclopropabenzene (BC) fumigation

on flowers/buds abscission of ‘WX73" and ‘WX17'2014..................... 124

8.2.4.2. Experiment 2: Effect ofHtcyclopropabenzene (BC) fumigation
on flowers/buds abscission of ‘WX58’, ‘WX56’ anduiple Pride’ in 2015 125

Xiv



Table of contents

8.2.4.3. Experiment 3: Effect of different concatiopns of H-
cyclopropabenzene (BC) fumigation on abscissionflofvers/buds of
‘Revelation’ iN 2015, ... e 125
8.2.4.4. Experiment 4: Effect of Htcyclopropaplnaphthalene (NC)
fumigation on flowers/buds abscission of ‘WX73’ arM/X107’ and
‘Jenny’ iN 2014, e e e 125
8.2.4.5. Experiment 5: Effect ofHlcyclopropablnaphthalene (NC)
fumigation on flowers/buds abscission of ‘WX58’, X&§6’ and ‘Purple
Pride’ IN 2015, .. ..o e eeee, 126
8.2.4.6. Experiment 6: Effect of different concatiobns of H-
cyclopropab]naphthalene (NC) fumigation on flowers/buds alsois of

‘Purple Pride’, ‘Hybrid1l’ and ‘Revelation’ genotypeof waxflowers in

20 LD e e ————— 126
8.2.5. Experimental design and statistical analgbtata...................... 127
8.3 RESUIS....eeee i 127

8.3.1. Experiment 1 and 2: Effect ofHicyclopropabenzene (BC)
fumigation on mean flowers/buds abscission in ‘WX73NX58’,
‘WX56’, ‘Purple Pride’ and ‘WX17' genotypes of wdgrfver in 2014 -
20 D, e 127
8.3.2. Experiment 1 and 2: Effect ofHXyclopropabenzene (BC)
fumigation on cumulative flowers/buds abscission'WiX73’, ‘WX17’,
‘WX58’, ‘WX56" and ‘Purple Pride’ genotypes of wdgrfvers in 2014 -

8.3.3. Experiment 3. Effects of different concetitmas of H-
cyclopropabenzene fumigation alone andH-dyclopropabenzene
fumigation followed by exposure to ethylene on fewa/buds abscission of
‘Revelation” waxflowers in 2015..........coooi i e 133
8.3.4. Experiment 4 and 5: Effect oHXiyclopropablnaphthalene(NC)
fumigation on mean flowers/buds abscission in ‘WX73VX107’,
‘Jenny’, ‘WX58’, ‘WX56" and ‘Purple Pride’ genotygeof waxflower in

200 4-200 5. 134

XV



Table of contents

8.3.5. Experiment 4 and 5: Effect ofHXyclopropap]naphthalene
fumigation on cumulative flowers/buds abscissionWX73’, ‘WX107’,
‘Jenny’, ‘WX58’, ‘WX56’, ‘Purple Pride’ genotypesfavaxflower in 2014

= 20D e e e 137
8.3.6. Experiment 6: Effects of different concetitmas of H-
cyclopropablnaphthalene fumigation alone and H-1
cyclopropab]naphthalene fumigation followed by exposure toykthe on
flowers/buds abscission of ‘Purple Pride’, ‘Hybriddnd ‘Revelation’
waxflowers in 2015, ... ... e e 140
S I 1S od U 151 [0 o T 142
CHAPTER 9. Effect of fumigation of 1H-cyclopropalblnaphthalene,
1H-cyclopropabenzene trans- cinnamaldehyde and 1-

hexylcyclopropene on flowers/leaf vase life of ‘Gsstal Pearl’, 'Lady

Stephanie’, 'Purple Pride’ and ‘WX74’ waxflower........................... 146
S I [ 11 0T ¥ X1 0] o PR
9.2. Materials and Methods.............coooii i e 150
9.2.1. Sources of chemicals ..........coooi i, 150
9.2.2. Plant material ..........c.ooiiiiiiiiiiii i neeeeeeeeeee. 150
9.2.3. Harvesting flowering Stems..........cccooe i e 150
9.2.4. EXPEIMENTS ...oiiri it is e i e ie e ne e e e e eennennene . 1D1

9.24.1. Experiment 1: Effect oftrans-cinnamaldehyde, H-
.cyclopropab]naphthalene, H-cyclopropabenzene and 1-
hexylcyclopropene fumigation on flowers/leaf vage bf ‘Crystal Pearl’,
‘Lady Stephanie’, ‘Purple Pride’ and ‘WX74’in 2015...................... 151
9.2.4.2. Experiment 2: Influence of fumigation todns-cinnamaldehyde,
1H-cyclopropablnaphthalene and 1-hexylcyclopropene alone and in
combination with vase solutions supplemented 8-H@8¢rose and

fructose on vase life of flowers/leaf in ‘WX14’ an/X74’ waxflowers... 151
9.2.5. Assessment of vase life of flowers and leaf.......................... 153
9.2.6. Experiment design and statistical analystata....................... 153
0.3, RESUIS... e 153

9.3.1. Effect oftrans-cinnamaldehyde, H-cyclopropap]naphthalene, H-

cyclopropabenzene and 1-hexylcyclopropene fumigatio flowers/leaves

XVi



Table of contents

vase life in ‘Crystal Pearl’, ‘Lady Stephanie’,uple Pride’ and "WX74’

WaAXFlOWEIS 1N 2005 . .. 153
0.3.1.1. FIOWET VASE lif@. .. .o e e e e e e e e 153
0.3.1.2. Leaf Vase lIfe. ..o e e 156

9.3.2. Influence of fumigation of trans-cinnamaldehyde, H-
cyclopropablnaphthalene and 1-hexylcyclopropene alone and in
combination with vase solutions supplemented 8-H@S¢rose and

fructose on vase life of flowers/leaves in ‘WX14d'WX74’ waxflowers 159

9.3.2.1. Flower vase life.......coooi i e 159
9.3.2.2. Leaf vase life... ..o e 162
0.4, DISCUSSION ...ttt et ittt e e et e e et e et e et e et e aeeeeens 164
CHAPTER 10. General discussion, conclusions and fute research... 168
10.1. INtrOdUCHION. .. .. e e e e e e e e e e 168

10.2. Screening of potential antagonists 1-octys@prene oxidefrans-
cinnamaldehyde, eugenol, (+)-carvon&)-()-limonene, 1-octene, allyl
butyl ether, butyl acrylate, 1-octene oxidéj-&yclopropap]naphthalene,
1H-cyclopropabenzene and 1-hexylcyclopropene of etigyl action
through reducing abscission of flowers/buds in Wamérs........................ 170
10.3. Effect of trans-cinnamaldehyde fumigation on flowers/buds
abscission in ‘WX73" ‘WXFU’, ‘WX17’, ‘WX56’ and ‘WX58" genotypes
and the effects of its different concentrationdlowers/buds abscission in
‘Purple Pride’, ‘Revelation’ and ‘Hybrid1’ waxflows......................... 171
10.4. Effect of fumigation ofS)-(-)-limonene on flowers/buds abscission
in ‘WX73', ‘WXFU’, ‘WX17’, ‘Purple Pride’, ‘WX56’ and ‘WX58’
genotypes of waxflowers............coocevii i e, 172
10.5. Effect of 1-hexylcyclopropene fumigation éowers/buds abscission

in ‘WX73’ ‘Purple Pride’, ‘WX56’ and ‘WX58’ genotyps of waxflowers
and the effects of its different concentrationdlowers/buds abscission in
‘Hybrid1’ and ‘Purple Pride’ waxflowers.............c.coeeviiiiiiinin i, 173
10.6. Effect of fumigation of H-cyclopropabenzene and Hi
cyclopropablnaphthalene on flowers/buds abscission in ‘WXX8X17’,
‘WX56’, ‘WX58’, 'WX107' and ‘Jenny’ genotypes of wdlowers and the

effects of their different concentrations on flog/uds abscission in

XVii



Table of contents

‘Purple Pride’, ‘Revelation’ and ‘Hybrid1’ waxflows......................... 174
10.7. Effect of fumigation of H-cyclopropap]naphthalene, H-
cyclopropabenzendrans-cinnamaldehyde and 1-hexylcyclopropene on
flowers/leaf vase life of ‘Crystal Pearl’, ‘Lady &thanie’, ‘Purple Pride’
and "WX74" waxflower..........cccoovicii i e e 176
10.8. Influence of fumigation of trans-cinnamaldehyde, H-
cyclopropablnaphthalene and 1-hexylcyclopropene alone and in
combination with vase solutions supplemented 8-H@S¢rose and

fructose on vase life of flowers/leaves in ‘WX14'nda ‘WX74'

WAXTIOWEIS. ... e, LT6
10.9. General CoNCIUSIONS. ... cuuit it e e e e e e e e e 177
10.10. Future researCh..........cccoo i e 178
References. ... ..o e 180

Xviii



List of figures

List of figures

Figure. 2.1 Global trends in floriculture exportsuridg 2001 to

Figure.2.2. Total Australian imports (‘000 numbeo$)resh cut flower and
flower buds during 2007 t0 2011, .......ccviiiieiie e e e 10
Figure. 2.3. Total Australia exports (‘000 numbesijresh cut flowers and
flower buds during 2007 t0 2011, .......oviiiiiiiii e 10
Figure. 2.4. Distribution ofChamelaucium Desf. (Red points) in Western
Australia (WA) during 2017.......c.eouieeriie e e 11
Figure .2.5. Ethylene biosynthesis in plants and thifferent enzymes
INVOIVEA. .. .o e e 17
Figure 3.1. Waxflower bushes of different genotypgown at the
Department of Agriculture and Food Western AusirdDAFWA),
South Perth, Western Australia used in various
EXPEIMENTS ... ettt e e e e e e e s e e e e 37
Figure 3.2. Flowering stems harvested from varigenotypes used in
different experiments: (A) ‘WXFU’ .(B) ‘White Sprgi .(C) ‘Purple
Pride’ .(D) ‘WX58' .(E) ‘Revelation’ .(F)WX56’ .(G) ‘WX74’ and
Pink ‘WX14'.(H) ‘Crystal Pearl’ .(I) ‘Muchae Mauve’
WAXIIOWETS ... . e 39
Figure 3.3. Application of ethylene antagonist timeent as 18 h fumigation
to wax flowers in plastic drum. (A) Small plastianf used inside the
container to circulate the vapour of the chemigaluad the flower
stems (B) 60 L plastic drum used for 18 h fumigaticeatment (C)
Plastic drum with flower stems, soda lime and gttgperated plastic
fan (D) Fumigation treatment of ethylene antagoh&hg applied to
flowers stems in sealed plastic drums containirgadione and battery
operated plastic fan...............coc o . 43
Figure 3.4. Application of ethylene treatment (1I0L{t) by injecting pure
ethylene into glass chambers containing waxflowtems for 24h.
Flowering stems were placed in mesh cones inselgldss chambers
prior to injecting the pure ethylene using a 1 mitirgge inserted

XVii



List of figures

through a rubber port located in the top of eacdmdber ................. 44
Figure 3.5. Flower stems of (A) ‘Crystal Pearl’ (B)Jady Stephanie’(C)
‘Purple Pride’ and (D) ‘WX74’ waxflowers harvestedlere kept
upright in buckets filled with tap water and used the
EXPEIMEBNTS ... ettt et e e ettt e e e e e e e e e e e ee e e e e e e eeeeeenraaaea 45
Figure 3.6. Preparation of the flowers stems sx@lin vase life room (A)
flower stems were recut with secateurs in wat8d@m in length (B
and C) four genotypes after fumigation with differeethylene
antagonists (D) 250 ml plastic vases containingilidid water (E)
flowering stems placed in vases (F) the floweribgs after one
week of chemical treatment still fresh.......................ccoiiieeo. 46
Figure 3.7. Score for rating vase life of flowers. .o oovviiiiiiiinnn. 48
Figure. 4.1. Flower harvesting and method of appilbe of the different
chemicals and ethylene exposure. (A) Waxflower Iséirin field. (B)
Flowers picked up anglaced in bucket of tap water. (C) 60 L plastic
drum to apply the chemicals for 18 h. (D) Smallsgtafan used
during chemical treatment. (E) Chemical treatméR). Individual
flower stems in vases containing distilled water glace in the
ethylene chamber. (G) flower stems placed in etig/lehamber. (H)
Floral organs drop (flowers, buds and leaves) ctdk in a mesh
cone. (I) The number of abscised and remaining dlsybuds were
counted in a counting platter....... ....coooiii i e 62
Figure. 4.2. The mesh cones were designed to ratsirfloral organs drop
during and aftee4hof exposure to ethylene treatment .............. 63
Figure 5.1. Effects of fumigation @fans-cinnamaldehyde (1 uM), ethylene
(10 pLL?Y) alone andrans-cinnamaldehyde followed by exposure to
ethylene (10 pLt) on mean flowers/buds abscission in (A)
‘WX73", (B) ‘WXFU’ and (C) ‘WX17' waxflower during 2014.
Vertical bars represent (SEEC = control, E= ethylene alone (10
uLLY), CA = trans-cinnamaldehyde alone, CA + E trans-
cinnamaldehyde fumigation followed by
tNYIENE. ... 78
Figure 5.2. Effects of fumigation ofrans-cinnamaldehyde (1 puM) or

ethylene (10 pLLE) alone andtrans-cinnamaldehyde followed by

Xviii



List of figures

exposure to ethylene (10 pt). on mean flowers/buds abscission in
(D) ‘WX56’ and (E) ‘WX58" waxflower during 2015. \fé&cal bars
represent (SE). C = control, E = ethylene alongu[(10'), CA =
trans-cinnamaldehyde alone, CA + E #rans-cinnamaldehyde
fumigation followed by ethylene..............ooooiii i, 79
Figure 5.3. Effects of fumigation ofrans-cinnamaldehyde (1 puM) or
ethylene (10 pLt) alone andrans-cinnamaldehyde (1 uM) followed
by ethylene (10 pLt) on cumulative abscission of flowers/buds four
days after treatment in (A) ‘WX73’, (B) ‘WXFU’ an@C) ‘WX17’
waxflower in 2014. n = three replications (threenss per replication),
vertical bars represent SE, C = control, E = ethgylalone (10 pLL),
CA = trans-cinnamaldehyde alone, CA + Etrans-cinnamaldehyde
fumigation followed by ethylene............cooooiii 81
Figure 5.4. Effects of fumigation dfans-cinnamaldehyde (1 pM) or
ethylene (10 pLE) alone andtrans-cinnamaldehyde (1 pM)
followed by ethylene (10 pLbH on cumulative abscission of
flowers/buds four days after treatment in (D) ‘WX5hd (E)
‘WX58" waxflower in 2015. n = three replicationdhfee stems per
replication), vertical bars represent SE, C = anté = ethylene
alone (10 pLE), CA = trans-cinnamaldehyde alone, CA + E =
trans-cinnamaldehyde fumigation followed by ethylene............. 82
Figure. 5.5. Effects of different concentration$,01.0 and 2.0 uM of
fumigation oftrans-cinnamaldehyde or ethylene (10 ubLalone and
trans-cinnamaldehyde treatment followed by exposurehglene (10
ULLY) on flowers/buds abscission in (A) ‘Purple Pride’
(B)'Revelation’ and (C) ‘Hybridl’ waxflower on dayl after
treatments in 2015. Vertical bars represent SE= €ontrol, E=
ethylene alone (10uLt), CA= trans-cinnamaldehyde alone, CA + E
= trans-cinnamaldehyde fumigation followed by ethylene............ 84
Figure 5.6. Chemical structure tnéns-cinnamaldehyde (§E1gO) ............. 87
Figure. 5.7. Effects of fumigation &fans-cinnamaldehyde (1 uM) for 18 h
and followed by exposure to ethylene (10 pi)lfor 24 h and the
ethylene treatment alone on flower/buds abscissfoRurple Pride’,

'Revelation” and ‘WX58" waxflowers. (A) ‘Purple Rie’ waxflower

XiX



List of figures

stems treated with ethylene alone (10f).lfor 24 h. (B) ‘Purple
Pride’ waxflower stems treated withans-cinnamaldehyde (1uM) for
18h and followed by exposure to ethylene (10 f)Lfor 24 h. (C)
‘Revelation” waxflower stems treated withans-cinnamaldehyde (1
M) for 18 h and followed by exposure to ethyleh@ pLL?) for 24
h. (D) ‘Revelation’ waxflower stems treated witthyene alone (10
uLLY) for 24 h. (E) ‘WX58 waxflower stems treated withans-
cinnamaldehyde (1 pM) for 18 h and followed by ee to
ethylene (10 pLt) for 24 h. (F) ‘WX58’ waxflower stems treated
with ethylene (10 pLE) alone for 24 h..........vvvveeveeieeiiiieeeinn, 88
Figure. 6.1. Effects of fumigation 0§§(-)-limonene (1 uM), ethylene (10
uLLY) alone and 9-(-)-limonene followed by exposure to ethylene
(10 pLLY) on mean flowers/buds abscission in (A) ‘WX73’,)(B
‘WXFU’ and (C) ‘WX17" waxflower in 2014. Vertical &rs represent
SE. C = control, E = ethylene alone (10 )L (9-(-)-lim = (9-(-)-
limonene alone, §-(-)-im + E = ©-(-)-limonene followed by
BthyleNe. ... 96
Figure. 6. 2. Effects of fumigation a®)(-)-limonene (1 uM), ethylene (10
uLLY) alone and §-(-)-limonene followed by exposure to ethylene
(10 uLLY) on mean flowers/buds abscission in (D)'Purple®ri(E)
‘WX56’ and (F)'WX58’ waxflower in 2015. Vertical ba represent
SE. C = control, E = ethylene alone (10 piL(9-(-)-Lim= (9-(-)-
limonene alone, §-(-)-im + E = ©-(-)-limonene fumigation
followed by ethylene. ... e, 97
Figure. 6.3. Effects of fumigation oB¢(-)-limonene (1 uM), ethylene (10
uLLY) alone and 9-(-)-limonene followed by exposure to ethylene
(10 pLLY) on cumulative abscission of flowers/buds over fdays
after treatment in in (A) ‘WX73’, (B) ‘WXFU’' and §)'WX17’
waxflower in 2014. n = three replications (threenss per replication),
vertical bars represent SE. C = control, E = etiglalone (10uLt),
(9-(-)-Lim=(9-(-)-limonene alone, -(-)-im + E = ©-(-)-
fumigation followed by ethylene.............cccooiiii i

XX



List of figures

Figure. 6.4. Effects of fumigation o®)(-)-limonene (1 uM), ethylene (10
uLLY) alone and 9-(-)-limonene followed by exposure to ethylene
(10 pLLY on cumulative abscission of flowers/buds ovensgsdafter
treatment in (D) ‘Purple Pride’, (E) ‘WX56 and (WX58’
waxflower in 2014. n = three replications (threenss per replication),
vertical bars represent SE. C = control, E = ethg/lalone (10 pLt),

(9-(-)-Lim = (9-(-)-limonene alone, -(-)-im + E = ©-(-)-

limonene fumigation followed by ethylene...........ceceeoiiiiiil, 100
Figure 6.5. Chemical structure of  9(-)-limonene
(05T ) P 102

Figure 6.6. . Effects of fumigation o§¥(-)-limonene (1 uM) for 18 h and
followed by exposure to ethylene (10 pbLfor 24 h and the ethylene
treatment alone on flowers/buds abscission of ‘WX&& ‘WX56’
waxflower. (A) ‘WX58 waxflower stems treated witl{S)-(-)-
limonene (1 uM) for 18 h and followed by exposureethylene (10
uLLY) for 24 h. (B) ‘WX58’ waxflower stems treated witthylene
(10 pLL?Y) alone for 24 h. (C) ‘WX56’ waxflower stems trectaith
(9-(-)-limonene (1puM) for 18 h and followed by expos to ethylene
(10 pLLY for 24 h. (D) ‘WX56' waxflower stems treated with
ethylene (10 pHLE) alone for 24 N....vveeeiei e 103

Figure.7.1. Effects of fumigation of 1-hexylcyclopene (1uM) or ethylene
(1opLL?Y) alone and 1-hexylcyclopropene followed by expesto
ethylene (10pLE) on mean flowers/buds abscission in (A) ‘WX73’
waxflowers during 2014. Vertical bars represent)(SE= control, E=
ethylene alone (10uLt), 1-HCP = 1-hexylcyclopropene alone, 1-
HCP+E = 1-hexylcyclopropene fumigation followed by
BthyleNe. ... 110

Figure.7.2. Effects of fumigation of 1-hexylcyclopene (1puM), or ethylene
(10pLLY) alone and 1-hexylcyclopropene followed by expesto
ethylene (10pLE) on mean flowers/buds abscission in (B) ‘Purple
Pride’, (C)'WX58’ and (D)'WX56’ waxflowers during@L5. Vertical
bars represent (SE). C = control, E= ethylene a{@fgLL?), 1-HCP
= 1-hexylcyclopropene alone, 1-HCP+E = 1-hexylcpotpene

XXi



List of figures

fumigation followed by ethylene............cooooiii i 111

Figure.7.3. Effects of fumigation of 1-hexylcyclopene (1uM) or ethylene

(10pLLY) alone and 1-hexylcyclopropene (1uM) followed by
ethylene (10puLE) on cumulative abscission of flowers/buds 4 days
after treatment in (A) ‘WX73 waxflowers in 2014. m three
replications (three stems per replication), veltizas represent SE. C

= control, E = ethylene alone (10ut), 1-HCP = 1-
hexylcyclopropene alone, 1-HCP+E = 1-hexylcyclogmg
fumigation followed by ethylene.........cco oo, 112

Figure.7.4. Effects of fumigation of 1-hexylcyclopene (1uM) or ethylene

(10pLLY) alone and 1-hexylcyclopropene (1uM) followed by
ethylene (10puLE) on cumulative abscission of flowers/buds 4 days
after treatment in (B) ‘Purple Pride’, (C) ‘WX58nhd (D) ‘WX56’
waxflower in 2015. n = three replications (threenss per replication),
vertical bars represent SE. C = control, E = ethglalone (10uLL),

1-HCP = 1-hexylcyclopropene alone, 1-HCP+E = 1-
hexylcyclopropene fumigation followed by ethylene............... 113

Figure.7.5. Effects of different concentrations5(01.0 and 2.0 pM) of

fumigation of 1-hexylcyclopropene or ethylene (1@} alone and
1-hexylcyclopropene treatment followed by expostwe ethylene
(10pLL?Y on flowers/buds abscission in (A)‘Hybrid1’ and){Burple
Pride’ waxflower on day 1 after treatments in 20Y&rtical bars
represent SE. C = control, E= ethylene alone (10})LL-HCP = 1-

hexylcyclopropene alone, 1-HCP+E = 1-hexylcyclogmg
fumigation followed by ethylene.............cccooiiiiii i 115
Figure 7.6. Chemical structure of 1-hexylcyclopno@p€GHzie) ............... 118

Figure.7.7. Effects of fumigation of 1-hexylcyclopene (1uM) for 18 h

and followed by exposure to ethylene (10pf)Lfor 24h and the
ethylene treatment alone on flower/buds abscissfoRurple Pride’

(A) ‘Purple Pride’ waxflower stems treated with éxlylcyclopropene
(1uM) for 18 h and followed by exposure to ethyl¢héuLL?) for

24h. (B) ‘Purple Pride’ waxflower stems treatedhmithylene alone
(LOULLYY for 24h... ..., 118

XXii



List of figures

Figure. 8.1. Effects of fumigation oHtcyclopropabenzene (1uM), ethylene
(10pLL?Y) alone and H-cyclopropabenzene followed by exposure to
ethylene (10pLE) on mean flowers/buds abscission in (A) ‘WX73’
and (B) ‘WX17’ waxflower during 2014. Vertical barspresent SE.

C= control, E= ethylene alone (10ut), BC= 1H-cyclopropabenzene
alone, BC+ E = H-cyclopropabenzene fumigation followed by
BHNYIENE. ... 128

Figure. 8.2. Effects of fumigation oHtcyclopropabenzene (1uM), ethylene
(10pLL?Y) alone and H-cyclopropabenzene followed by exposure to
ethylene (10pLE) on mean flowers/buds abscission in (C)'WX58’,
(D)'WX56’ and (E)‘Purple Pride’ waxflower during 286. Vertical
bars represent SE. C= control, E= ethylene alofgl(lL}), BC= 1H-
cyclopropabenzene alone BC+E H-tyclopropabenzene fumigation
followed by ethylene...........oo i 129

Figure. 8.3. Effects of fumigation ofHtcyclopropabenzene (1uM) or
ethylene (10u L) alone and H-cyclopropabenzene (1uM) followed
by ethylene (10pLt) on cumulative abscission of flowers/buds 4
days after treatments in (A) ‘WX73’ and (B) ‘WX1Waxflower in
2014. n = three replications (three stems peraafitin), vertical bars
represent SE. C = control, E= ethylene alone (10})LBC= 1H-
cyclopropabenzene alone, BC+E H-tyclopropabenzene fumigation
followed by ethylene...........ooi e 131

Figure. 8.4. Effects of fumigation ofHtcyclopropabenzene (1uM) or
ethylene (10u L) alone and H-cyclopropabenzene (1uM) followed
by ethylene (10pLt) on cumulative abscission of flowers/buds 4
days after treatment in (C) ‘WX58’, (D) ‘WX56’ an(E) ‘Purple
Pride’ waxflowers in 2015. n = three replicatioriar¢e stems per
replication), vertical bars represent SE. C = aant= ethylene alone
(10pLL?Y), BC=1H-cyclopropabenzene alone, BC+E= H-1
cyclopropabenzene fumigation followed by ethylene.................... 132

Figure. 8.5. Effects of different concentration$,01.0 and 2.0 uM of
fumigation of H-cyclopropabenzene or ethylene (10p) lalone and

1H-cyclopropabenzene treatment followed by exposurethylene

xXxiii



List of figures

(10pLL?Y) on flowers/buds abscission in (A) ‘Revelation’ xflawer

on day 3 after treatments in 2015. Vertical bargesent SE. C =

control, E= ethylene alone (10ut'), BC= 1H-cyclopropabenzene

alone, BC+E = H-cyclopropabenzene fumigation followed by

BthyleNe. ... 133
Figure. 8.6. Effects of fumigation ofHtcyclopropab]naphthalene (1puM),

ethylene (10pLE) alone and H-cyclopropap]naphthalene followed

by exposure to ethylene (10utLon mean flowers/buds abscission in

(A))WX73', (B)WX107' and (C)Jenny waxflower dumg 2014.

Vertical bars represent SE. C= control, E= ethylalome (10pLEY),

NC= 1H-cyclopropablnaphthalene alone, NC+ E = Hi

cyclopropab]naphthalene fumigation followed by ethylene......... 135
Figure. 8.7. Effects of fumigation oHicyclopropab]naphthalene (1uM),

ethylene (10pLt) alone and H-cyclopropab]naphthalene followed

by exposure to ethylene (10utLon mean flowers/buds abscission in

(D)'WX58’, (E) ‘WX56’ and (F)'Purple Pride’ waxflowr during

2015. Vertical bars represent SE. C= control, Ekylehe alone

(10pLL?Y), NC= 1H-cyclopropab]naphthalene alone, NC+ E =Hi

cyclopropab]naphthalene fumigation followed by ethylene......... 136
Figure. 8.8. Effects of fumigation oHtcyclopropab]naphthalene (1uM) or

ethylene (10pLt) alone and H-cyclopropap]naphthalene (1pM)

followed by ethylene (10uLl) on cumulative abscission of

flowers/buds four days after treatment in (A)'WX73B)'WX107’

and (C)'Jenny’ waxflower in 2014. n = three replioas (three stems

per replication), vertical bars represent SE. Contml, E= ethylene

alone (10pLLY), NC= 1H-cyclopropab]naphthalene alone, NC+E =

1H-cyclopropab]naphthalene fumigation followed by ethylene...... 138
Figure. 8.9. Effects of fumigation oHtcyclopropab]naphthalene (1uM) or

ethylene (10pLt) alone and H-cyclopropab]naphthalene (1pM)

followed by ethylene (10uLl) on cumulative abscission of

flowers/buds 4 days after treatment in (D) ‘WX5@,) ‘WX56’ and

(F) ‘Purple Pride’ waxflower in 2015. n = three liegtions (three

stems per replication), vertical bars represent SE: control, E=

XXIV



List of figures

ethylene alone (10uL1), NC= 1H-cyclopropab]naphthalene alone,
NC+E = MH-cyclopropablnaphthalene fumigation followed by
BtNYIENE. ... —— 139
Figure. 8.10. Effects of different concentration$,01.0 and 2.0 uM of
fumigation H-cyclopropab]naphthalene or ethylene (10pt)Lalone
and H-cyclopropab]naphthalene treatment followed by exposure to
ethylene (10uLE) on flowers/buds abscission in (A) ‘Purple Pride’
(B) 'Hybrid1’ and (C) ‘Revelation” waxflower onagt two in 2015.
Vertical bars represent SE. C = control, E= ethglalone (10uLL),
NC=  1H-cyclopropablnaphthalene alone, NC+E = Hi
cyclopropab]naphthalene fumigation followed by ethylene......... 141
Figure 8.11. Chemicals structuréH-tyclopropap]naphthalene and H-
Cyclopropabenzene..........ccoviiiiii i e e, 145
Figure. 8.12. Effects of fumigation of BC and NCufd) for 18h and
followed by exposure to ethylene (10ub)Lfor 24h and the ethylene
treatment alone on flower/buds abscission ‘WX5Byrple Pride’ and
‘Revelation’” waxflowers. (A) ‘WX56’ waxflower stemgeated with
BC (1uM) for 18h and followed by exposure to etmg@eg(10uLLY)
for 24h. (B) ‘WX56’ waxflower stems treated withhgtene alone
(10pLL?Y) for 24h. (C) ‘Purple Pride’ waxflower stems trectwith
ethylene (10pLE) alone for 24 h. (D) ‘Purple Pride’ waxflower
stems treated with NC (1uM) for 18h and followed dxposure to
ethylene (10uLE) for 24h. (E) ‘Revelation’ waxflower stems treated
with BC (1uM) for 18h and followed by exposure thydene (10pLL
1y for 24h. (F) ‘Revelation’ waxflower stems treatadith ethylene
(LOpLLY) @lone for 24.......couiii e 145
Figure. 9.1. Mean flower vase life in four genmayg following fumigation
with 1H-cyclopropab]naphthalene (NC), H-cyclopropabenzene
(BC), trans-cinnamaldehyde (CA) or 1-hexylcyclopropene (1-HCP)
Vertical bars represent SEmean................c..cociiiiiiiiiii e, 155
Figure. 9.2. Flower vase life (days) of ‘Cryskgarl’, ‘Lady Stephanie’,
‘Purple Pride’ and ‘WX74’ waxflower fumigated witfL uM) of
trans-cinnamaldehyde (CA)H-cyclopropablnaphthalene (NC)

XXV



List of figures

1H-cyclopropabenzene (BC), 1-hexylcyclopropene (1-H@Pyase
solution of DW only. Vertical bars represent SE mea.............. 155
Figure. 9.3. Mean leaf vase life in four genotyfakwing the fumigation
with 1H-cyclopropab]lnaphthalene (NC), H-cyclopropabenzene
(BC), trans-cinnamaldehyde (CA) or 1-hexylcyclopropene (1-HCP).
Vertical bars represent SEmean........................coeeviieennn... 158
Figure. 9.4. Leaf vase life (days) of ‘Crystal FedlLady Stephanie’,
‘Purple Pride’ and ‘WX74’ waxflower fumigated witfl puM) of
trans-cinnamaldehyde (CA), H-cyclopropab]naphthalene (NC),
1H-cyclopropabenzene (BC), 1-hexylcyclopropene(1-H@®)vase
solution of DW only. Vertical bars represent SE mea.............. 158
Figure. 9.5. Effect of different treatments on exteg mean flower vase
life of ‘WX74’ and ‘WX14" waxflowers. Vertical barsepresent SE
0 TCT= L T 159
Figure.9.6. Mean flowers vase life influenced by H-1
cyclopropablnaphthalene, trans-cinnamaldehyde and 1-
hexylcyclopropene fumigation and various vase smhstcontaining
DW, 8-HQS and /or sucrose and or fructose in ‘WXadd ‘WX14’
genotypes. Vertical bars represent SE mean..................cummn 160
Figure. 9.7. Effects of H-cyclopropablnaphthalene (NC), trans-
cinnamaldehyde (CA) and 1-hexylcyclopropene (1-H@mP)igation
and different vase solutions containing DW, 8-HQf8l &or sucrose
and/ or fructose on flowers vase life in ‘WX74" arfWX14’
waxflower. n= 5 replications, one stem per repiarat Vertical bars
FEPreSEeNt SE MEAN .. e e e e e e e e 161
Figure. 9.8. Effect of different treatments on exteg mean leaf vase life of
‘WX74" and ‘WX14" waxflowers. Vertical bars represte SE

Figure 9.9. Mean leaf vase life influenced by dyclopropab]naphthalene,
trans-cinnamaldehyde and 1-hexylcyclopropene fumigatiaomd a
various vase solutions containing DW, 8-HQS andstlmrose and or
fructose in ‘WX74’ and ‘WX14’' genotypes. Verticahls represent
SE MEAN... . 163

XXVI



List of figures

Figure 9.10. Effects of H cyclopropablnaphthalene (NC),trans-
cinnamaldehyde (CA) and 1-hexylcyclopropene (1-H@iR)igation
and different vase solutions containing DW, 8-HQ®@ #or sucrose
and or fructose on leaf vase life in ‘WX74’ and VWX waxflower.

n= 5 replications, one stem per replication. Veaitibars represent

Figure 10.1. Chemical structure dfl tyclopropab]naphthalene andH:

CYClOPropabeNnZENE. .. ... v e e e 175

XXVii



List of Tables

List of tables
Table 2.1. Some of commercially varieties availabile Australia of
WaXTlOWETS. .. 12

Table 2.2. Sensitivity to ethylene exposure in different flowe

.................................................................................. 15
Table 3.1. Various genotypes of waxflower differingheir sensitivity to

ethylene used in the experiments..........ccoo i, 38
Table 3.2. Chemical name, formula, structure, o weight (MW)

and sources of potential antagonists tested in owsri

EXPEIMENTS . ..ttt e e e e e e e e e et e ettt et a e s e e e e e e e e e e eeeeeeeeennnnnnn 41

Table 3.3. Rating scale of (1-5) to assess theedile and leaves vase

Table 4.1. Chemical name and structure of poterdigiagonists of
ethylene action...........cooi i 55

Table 4.2. Percentage (%) of flowers open on tleenstof different
genotypes of waxflowers when treated with different
ChEMICAIS. ... e e 56

Table 4.3. Percentage reduction in flowers/budgiadi®n over ethylene
treated stems in different genotypes of waxflowenigated with

different chemicals (1uM) after day one followinghygene

treatmentin 2014 ... ... 64
Table 5.1. The percentage of open flowers on stdrtie time of harvest 74
Table 6.1. The percentage of open flowers on strtise time of harvest 93
Table 7.1. The percentage of open flowers on strtige time of harvest 108

Table 8.1. The percentage of open waxflowers omstat the time of
harvest different genotypes used in different expents in 2014
AN 2005 Lo 124

Table 9.1. Chemicals fumigation alone and in coratidm with vase
solutions supplemented with 8-HQS, and /or sucamskfructose in
‘WX14" and ‘'WX74'waxflowers..........cccooviv i, 152

Table 9.2. Effect of fumigation ofH-cyclopropap]naphthalene (NC),
1H-cyclopropabenzene (BCjrans-cinnamaldehyde (CA) and 1-
hexylcyclopropene (1-HCP) on mean flowers vase iifefour

genotypes of waxflowers. Vertical bars represent&fan............ 154

XXVii



List of Tables

Table 9.3. Effect of fumigation ofH-cyclopropap]naphthalene (NC),
1H-cyclopropabenzene (BCjrans-cinnamaldehyde (CA) and 1-
hexylcyclopropene (1-HCP) on mean leaf vase life faur

genotypes of waxflowers. Vertical bars representri&fan............ 157

XXViii



$

%

(9- (-) -Lim
(9- () -Lim
/

<

+

H
1-DCP

1-HC
1-HCP+E

1-MCP
1-OCP

2, 5-NBD

3,3-DMCP
8-HQS
ABA

ACC

ACO

ACS

Ag*
AgNOs3
Al2(SOy)3
ANOVA

AOA
APX

List of symbolsand abbreviations

No information available

Hyphen
US dollar
Percentage
©-(-) — Limonene
©-(-) — Limonene fumigation followed by ethylene
Divide
Less than
Plus/minus
multiply/interaction
Micro
1-Decylcyclopropene
1-Hexylcyclopropene
1-Hexylcyclopropene fumigation followey éthylene
AMethylcyclopropene
1-Octylcyclopropene
2,5-Norbornadiene
3,3 -Dimethylcyclopropene
8hydroxyquniline sulphate
Abscisic acid
EAminocyclopropanel—carboxylate
1-Aminocyclopropane-1-carblixycid oxidase
1-Aminocyclopropane-1-carblixwcid synthase
Silver ion

Slver nitrate

Aluminium sulfate

Analysis of variance
Aminooxyacetic acid

Ascorbate peroxidase

XXViil



ATA Aminotriazol

AUD Australian Dollar

AVG Aminoethoxyvinylglycine

AZ Abscission zone

BA Benzyl adenine

BA Benzyladenine

BC 1H-cyclopropabenzene

BC+E H-cyclopropabenzene fumigation followed by ethylene
C Control

CA trans-Cinnamaldehyde

CA+E trans-Cinnamaldehyde fumigation followed by ethylene
CaCb Calcium chloride

CAT Catalase

ClO2 Chlorine dioxide

cm Centimetre

CO Carbon dioxide

CP Cyclopropenes

CRD Completely randomized design

Cu Copper

DACP Diazocyclopentadiene

DAFWA Department of Agriculture and Food $t&rn Australia

DNA Deoxyribonucleic acid

DW Distilled water

E Ethylene alone

CoHg Ethylene

Fig Figure

g Gram

GAs Gibberellic acid

GRAS Generally Recognized As Safe
h Hour

Ha Hectares

XXX



IAA Indole-3-acetic acid

10 Isoprene oxide
KCI Potassium chloride
KMnOg4 Potassium permanganate
L Litre
Lt Per litre
LSD Least significant difference
m-2 Per square meter
mg Milligram
mmol Millimolar
MVG Methoxyvinylglycine
MW Molecular weight
N+E 1H-cyclopropab]naphthalene fumigation followed by ethylene
NAA Naphthalene acetic acid
NC 1H-cyclopropab]naphthalene
nL Nanolitre
NO Nitric oxide
NSW New South Wales
°C Degree Celsius

ppb, nLL!  Parts-per-billion
ppm, uLL?  Parts-per-million

RH Relative humidity

RNA Ribonucleic acid

s? Per second squared

SA Salicylic acid

SAM S-adenosylmethionine

SE Standard error of the mean
SE Standard error

SEM Standard error of mean
SOD Superoxide dismutase
STS Silver thiosulphate

XXX



TCO trans-Cyclooctene

UK United Kingdom

USA United States of America
uUsD United States Dollar

VL Vase life

UM Micromolar

XXXI



Chapter1: General introduction

CHAPTER 1

General introduction

The floricultural industry can be divided into difent garden plants, cut
flowers, cut foliage, potted plants nursery stotileds), flowering leafy, annual,
perennials flowers, tubers and bulbs (van Uffeled de Groot, 2005). The annual
consumption of commercially grown flowers in therdois estimated to be worth
USD 40 - 60 billion (Ghule and Menon, 2013). Glolexdports of flowers have
expanded by more than 10% annually by 2012 andvtikel exports are estimated to
reach USD 25 billion (Ghule and Menon, 2013). 1120the international exports of
cut foliage, cut flowers, living plant and floweulbs had an estimated worth of USD
20.6 billion as against USD 21.1 billion in 2011dan 2001 nearly USD 8.5 billion
(van Rijswick, 2015). Australia exported fresh dlotvers and flower buds (AUD
20.2 million) during 2010-2011 to Japan, United t&a Netherlands, Germany,
Canada and others countries which are a declinemgitas compared to the export of
fresh cut flowers and flower buds (AUD 37.2 milljoim 2007-2008 (Anon, 2012).
Recently, the total area of flowers and pot plamtdpction in the world has been
estimated to be 650,000 ha (Hubner, 2016). Meamewhilt flowers in the open or
under protection were cultivated on 4470 ha in Aalst during 2013-2014 (Hubner,
2016). The cut flowers and foliage in Australialuted traditional flowers, exotic
and Australian native flowers. Fresh and dried Aalsin native flowers are
economically important commodities in the export flricultural crops (Anon,
2002). Australian flowers are mostly exported tadpe, Japan and North America
as reported by Yan (2001). Australia has a sizeadiwe cut flower industry with an
estimated 20% of world production with a value dfia 500 million (Aldous and
Hegde, 2013).

Waxflower has become one of the most significamhroercial native cut
flower in Australia during the recent past (Ano®02; Beasley and Joyce 2002;
Gollnow and Worral, 2010; Seaton and Poulish, 20R@&tanasanobon and Seaton
(2010) reported that the annual production of waxér globally is estimated at
approximately 600 million stems. Flower lifetime warious species is often

terminated by flowers and leaves senescence aratisgission of floral organs such
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as petals, sepals, stamens, styles, inflorescamtkiaves from the plant as well as
fruit which is mainly regulated by ethylene (Ascbugt al, 2005, 2006; Scariadt
al., 2014).

As reported by Ascougldt al (2006) that the flowers and buds abscission is
one of the horticultural industry problem whichde®a losses cut and potted flowers
quality. Extensive flowers/buds abscission induicgethylene during transportation
of waxflowers to export markets is a major hurdte @xpansion of Australian
waxflower trade. Accumulation of endogenous ethglewithin cartons of
waxflowers or unintentional exposure of flower steto exogenous sources of
ethylene leads to flower abscission thereby detitg postharvest quality and
marketability (Joyce 1988993; Dinhet al, 2008; Faraghest al, 2010; Seaton and
Poulish, 2010). Floral organs (open flowers andvéio buds) of waxflower are
extremely sensitive to ethylene. Unintentional esgpe of flowers to small amounts
of ethylene can lead to 85% flower drop from themst consequently shortening
vase life causing high economic losses and reduttiegmarketability of several
Australian native cut flowers includin@hamelaucium Desf. (Myrtaceae) and
Boronia heterophylla(Macnishet al, 1999; Seaton, 200&ollnow and Worral,
2010; Seaton and Poulish, 2010).

It may be as a result of adversity of causes, dioly flower senescence that
reduces the life time of cut flowers, petals witior abscission of flowers, buds,
leaves and/or petals (van Doorn and Stead, 199, R602). Flower aging is
prompted by several factors such as pollinatiorctwyhtan promote the production of
ethylene, (Wuet al, 1991a, Stead, 1992ioldenet al, 2003; Satolet al, 2005;
Ebrahimzadelet al, 2008), ethylene exposure is another reason Daorn, 2001;
Hunteret al, 2004a; Tripathi and Tuteja, 2007; Shahri andiiT&®11; Sapbuat
al.,2012; Scariott al, 2014) and post-harvest oxidative stress (Prdahareet al.,
2001). Drought and abscisic acid (ABA) have alserbeeported to enhance ethylene
production and hasten floral senescence which magease prior to/ or during
senescence in attached or detached organs and abseission-accelerating signals
(Smart, 1994; Rubinstein, 2000; Tripathi and Tuytgj@07; Ebrahimzadebt al,
2008; Sawickiet al, 2015). In addition, ethylene and other factarshsas light,
temperature, water supply, water quality, floweratumty, photosynthates supply,
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disease and mechanical damage are also associ#ttealbacission of leaves, petals,
buds and entire flowers (shattering) but ethylelagga key role in accelerating this
process and adversely affects postharvest quakgrd( 2002, 2009; Beasley and
Joyce, 2002; Ascougtt al, 2005; Ascouglet al, 2006; Sawicket al, 2015).

Ethylene plays essential role in promoting the seeece, undesirable floral
organs abscission, accelerating petal wilting @adl yellowing in a number of export
flowering plants therefore, reducing the ornamentabal appeal, causing loss of
chlorophyll and pigmentations, damaging the prodygality and shortening the
floral life span thus reducing the market value (#tng and van Doorn, 1988;
Joyce, 1993, Joyce and Poole, 1993; Setekl, 1994a, b; Sere&t al,1995b; van
Doorn and Stead, 1997; Cameron and Reid, 2001;Da@orn, 2001; Beasly and
Joyce, 2002; Celikekt al, 2002; Macnishet al, 2005; Sereket al, 2006;
Ebrahimzadefet al, 2008; Macnistet al, 2010; Sapbuat al, 2012; Scarioet al,
2014). Serelet al. (2006b) have suggested that at very low concemtia (nl-pL L
1y ethylene will be biologically active however, theare substantial differences in
sensitivity to exposure to ethylene among the gseand cultivars of plants (Scariot
et al, 2014).

Several methods have been used successfully fagatmitg the harmful
effects of exogenous and/or endogenous ethylenesexp in the floral industry to
control premature senescence, abscission and eftaadl lifetime in ornamental
plants, for example breeding cultivars that are lesnsitive to ethylene, inhibiting
ethylene biosynthesis and/or inhibiting ethylengoac The sensitivity to ethylene is
variable among and within different species andrialgbof waxflower (Macnislet
al., 2004a; Seatoet al, 2007; Gollnow and Worrall, 2010). A wider rangfehybrid
waxflowers have been developed by breeding progedardepartment of Agriculture
and Food Western Australia (DAFWA) which may berefgrable method to reduce
flowers/buds abscission. The main purpose of thiggam is to offer growers over
100 hybrids and cultivars of waxflower to ensurevéo susceptibility to pests and
disease, to develop new colours, early or late dlivg seasons, improve vase life
quality and display for export (Yan, 2001; Seatbral, 2007; Gollnow and Worrall,
2010; Seaton and Poulish, 2010).
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High CQ levels, ethanol, compounds such as aminooxyaeetd (AOA),
aminoethoxyvinylglycine (AVG) and silver ions inftibhe activities of ACS and or
ACC and consequently ethylene biosynthesis whicliayde senescence and
flowers/buds abscission (Rattanwisalanataal, 2003; Ascoughet al, 2006;
Ebrahimzadetet al, 2008). Silver thiosulfate (STS) and 1-methylogebpene (1-
MCP) are used commercially to prevent ethyleneoactvhich mitigates the adverse
effects of ethylene exposure on a range of flotigel crops including waxflowers
(Joyce, 1993; Macnisht al, 2000b; Ichimureet al, 2002; Blankenship and Dole,
2003; Chamanet al, 2005; Reid and Celikel, 2008; Zencirkiran, 20LQy et al,
2012; Hassan and Ali, 2014). 1-MCP fumigation (0 L) treatment failed to
improve the flower vase life in 14 different genmtg of flowers in the absence of
exogenous ethylene (Macnigt al, 2000b). In addition, application of another
ethylene antagonist 2,5-norbornadiene (hDA-"1) has been reported to prolong the
vase life of carnation cut flowers (Seretkal, 2006).

However, the application of STS and 1-MCP is limitiue to some of their
limitations such as that STS is harmful to humaaitheand the environment. As STS
is a heavy metal and remains in the soil for a lonmge and contaminates drinking
water (Halevy, 1994Sisler and Serek, 1997; Serekal,, 2007; Seaton and Poulish,
2010). Meanwhile, 1-MCP can be applied as a funtigauty in the tightly closed
chambers or as sachets in flower cartons (locatlyetbped method). It is highly
unstable gas is difficult to handle. 1-MCP effeetiess wears off with time, in
general, it can be from (2-25 days) depending erfldwers types and the treatment
condition typically in waxflowers just effective lgnfour days it possible to repeat
the treatments. 1-MCP is expensive and sold asvaceenot as a chemical. Due to
the very low solubility of 1-MCP in water, it cannbe used as dip loading of cut
flowers or applied as a pre-harvest spray in te&lfiThe response of fumigation
with 1-MCP is dependent on, number of factors saghithe concentration used of 1-
MCP, genotype, exposure duration, temperature dutneatment, storage and
maturity stage of the produce in horticultural cooaties (Blankenship, 2001;
Grichko, 2006; Goreet al, 2008; Seaton and Poulish, 2010).
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Antagonising ethylene action is one of the beseati¥e approaches to reduce
abscission of flowers/buds, retard senescencen@xtewer and leaf vase life and
maintain the flower quality in a range of floweops. Presently, STS and 1-MCP are
used to alleviate the adverse effects of ethylentne postharvest phase of various
flower crops including waxflower but various lintians are coupled with their
usage. Various limitations linked with the usageS¥iS and 1-MCP offers the
opportunity to researchers and technologists toeldgvnew robust inhibitors of
ethylene action which can be used not only to mankg adverse effects of ethylene
on flower crops including waxflowers but also irhet horticultural crops. The
compounds with the extension of chain length (bvenore carbon atoms) in the 1-
position of the cyclopropene will improve their ieficy in antagonising ethylene
action, for example, 1-hexylcyclopropene (1-HCP)riere effective anti-ethylene
than 1-MCP in extending the shelf life of bananatf(Sisleret al.,2003). Similarly,
Kebeneiet al (2003a) also reported that 1-HCP treated Alexancalanchoe”
blossfeldianaflowers exhibited delayed rolling of flower petalad prolonged vase
life. Recently, Khan, (2014) reported thad-tyclopropabenzene at (50-100 niL
fumigation resulted in a reduction of flowers/budscission and extension vase life
in waxflower ‘WX73" and ‘WX17' genotypes and maimad waxflower quality.
Grichkoet al (2003) have also reported that the inhibitorgeffof monoterpenes as
anti-ethylene and some other naturally occurringipounds evaluated using green
banana fruit ripening and suggested that these congs interact with ethylene for
binding to the receptor but were less effectiventbgclopropenes. Jingt al (2011)
reported that application of cinnamaldehyde in vsgltion prolongs vase life of

‘Pink Queen’ rose cut flowers by 2.8 days.

No research work has been reported on the effédtsrogation with a series
of potential ethylene antagonists with differenbdtional groups in their structure
such as (1-octyne, isoprene oxittans-cinnamaldehyde, eugenol, (+)-carvors,-(
(-)-limonene, 1-octene, allyl butyl ether, butylrgdate, 1l-octene oxide, Ht
cyclopropablnaphthalene  (NC), H-cyclopropabenzene (BC) and 1-
hexylcyclopropene (1-HCP) on inhibiting ethylerai@n in various genotypes of
Australian native waxflowers. It was hypothesiskdttsome of these new potential

ethylene antagonists will be more effective in bitmg flowers/buds abscission in
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waxflowers. Therefore, this research was conduetéti the following general
objectives:

1. To test the efficacy of various new potential e¢fm@ antagonists such as 1-
octyne, isoprene oxiddranscinnamaldehyde, eugenol, (+)-carvon§)- (
(-)-limonene, 1-octene, allyl butyl ether, butyldate, 1-octene oxide H:
cyclopropab]naphthalene, H-cyclopropabenzene and 1-hexylcyclopropene
to inhibit ethylene action, particularly modulationf abscission of
flowers/buds in different genotypes of waxflowers.

2. To investigate the effectiveness of some selectétiemt ethylene
antagonists such astranscinnamaldehyde, Sj-(-)-limonene, H-
cyclopropab]naphthalene, H-cyclopropabenzene and 1-hexylcyclopropene
in inhibiting ethylene action consequently reducilogvers/buds abscission
in different genotypes of waxflowers.

3. To evaluate the efficiency of different concentat of promising ethylene
antagonists i.etranscinnamaldehyde, H-cyclopropab]naphthalene, H-
cyclopropabenzene and 1-hexylcyclopropene on inhgiflowers/buds
abscission in different genotypes of waxflowers.

4. To underpin the effectiveness oftranscinnamaldehyde, H-
cyclopropab]naphthalene, H-cyclopropabenzene and 1-hexylcyclopropene
alone and in combination with vase solutions combg distilled water,
sucrose or fructose and/or 200 mg' I8-hydroxyquinoline sulphate (8-

HQS) on vase life extension of different waxflovgenotypes.
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CHAPTER 2

General Review of Literature

2.1. Introduction

The floriculture is one of the branches of hortiaté and contains a
widespread variety of various categories of plartd flowers (van Uffelen and de
Groot, 2005). It has been reported that more thad developed countries are
involved in the floriculture production on a largeale and more than 90% of
demand for floriculture comes from Europe, Amerigmd Asia. Meanwhile,
Colombia and Ecuador are the major suppliers tmf@an markets and lead the
market in the USA. Asia-Pacific countries are tlemtcal providers to Japan and
Hong Kong (Ghule and Menon, 2013). The major caestwith the leading share in
cut and potted plants production are the NethedaB38%), Germany (11%), and
Italy (18%) (van Uffelen and de Groot, 2005). Tlaegkst production of various
ornamentals plants, cut flowers, bulbs (for annaald perennials) and potted plants
is in the Netherlands. France is also a major playdifferent kinds of cut flowers,
while the UK, Belgium and Spain are small produadrBowers (van Uffelen and de
Groot, 2005). In addition, approximately 80% oftpdtplants and flowers are grown
in North America (Canada and USA), whereas Colonabih Mexico contribute 6%

and 3% respectively of potted plant and flowers.
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The trends in international exports of cut flowenst foliage, living plant and
flowers bulbs during 2001-2013 in the world arespraged in (Fig.2.1) International
exports of cut flowers, cut foliage and living plaand flower bulbs were an
estimated USD 8.5 billion in 2001, and increasiodJSD 21.1 billion in 2011and
declining in 2013 to USD 20.6 billion.

| jving plant =—Cut flowers Cut foliage =—Flower bulbs
15 -

10 -

USD billion

O L] L] L] L] L] L] L] L] L] L] L] L]
SIS\ I S PSP U NN O N

Y earsof exports

Figure. 2.1. Global trends in floriculture expodigring 2001 to 2013 (van Rijswick,
2015)

Fresh and dried Australian native cut flowers asl@fje, such as the banksia,
kangaroo paw, thryptomene, boronia, waratah andal@®en waxflower are
economically important commodities of floriculturatops (Aldous and Hegde,
2013). Australian flowers are mainly exported te thnited States, Western Europe
and Japan (Ratanasanobon and Seaton, 2010; Aldoublegde, 2013). Australia
has a sizeable native cut flower industry with atineated 20% of world production
with a value of A$500 million (Aldous and Hegde 13). Australian imports of fresh
cut flowers and buds escalated from 52,103 flower2007-08 to 71,145 flowers
during 2010-11 Fig. 2.2 whilst the export of fresh flowers and buds declined from
37,223 flowers in 2007- 08 to 20,161 flowers in @Al Fig. 2.3 (Anon, 2012).
Waxflower and otheiChamelauciumhybrids and species are one of the largest
components of the fresh cut flower export industom Australia (Lullfitz, 2001;
Vitner et al, 2007; Gollnow and Worrall, 2010; Seaton and RBbul2010). The

botanical name of the waxflower i€tfamelauciumspp. Desf.), while commonly

8
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known as Geraldton waxflower. Waxflower is a natoféWestern Australia and is
widely distributed in South Western Australia Fig.2t has become one of the most
desirable and valuable native cut flower expomsnfiWestern Australia which ranks
first followed by Victoria and NSW. (Beasley andyde 2002; Vitneret al, 2007;
Gollnow and Worrall, 2010; Ratanasanobon and Se&©h0; Seaton and Poulish,
2010; Aldous and Hegde, 2018hamelauciunare woody evergreen shrubs belongs
to the family Myrtaceae. It is a short day cut feswThe distinguishing feature of the
waxflower shrub is that it is covered with thousamd small waxy flowers during
the blooming period with unique colours (Shidbal, 1985; Gollnow and Worrall,
2010; Dinhet al,, 2011). Earlier, Macnisét al (2004a) reported that one of the most
commonly cultivated species exported from Austra@i€hamelaucium uncinatum
estimated to be about 90% of the volume ofGilamelauciunspp. Waxflower is
native to Australia has been used as a cut flomseshe 1940s in California and
was introduced into Israel in the 1970s. (Gollnavd &Vorrall, 2010). Yan (2001)
and Dinhet al. (2008) reported that waxflower is a valuable paral shrub and is
grown as a large-scale floricultural crop useddatr flowers (Lamont, 1986). Seaton
et al (2007) have also reported that in Europe anduBe waxflowers are being
successfully marketed as pot plants and amenitgratscape flowers. Vitnest al.
(2007) and Dintet al (2008) suggested that waxflower sprigs are ar@d5 cm

in length, straight and strong with attractive dmdiite, pink, purple or red flowers
and green leaves making the waxflower a good fiidioral arrangements or when
displayed alone (Joyce, 1993; Olley al, 1996; Dinhet al, 2011). Waxflowers
contain 5 waxy petals, 5-minute sepals and 10 estamwhile the waxflower
inflorescence forms a corymb (Slater and Beard$6B1; Beasley and Joyce, 2002).
The flower has a pleasant aroma. It starts to pedcectar at anthesis stage and
continues for 7-10 days (Ollegt al, 1996). Some cultivars oEhamelaucium
uncinatumare easy to cultivate and have higher productivityile other species can
offer a long flowering season (Seaton and PoulX},0). Flowering process in
waxflowers depends on day length and air temperatund the flowering time of
waxflower species/cultivars ranges from June to éwolber in Mediterranean
temperatures Table. 2.1 (Gollnow and Worrall, 20%@aton and Poulish, 2010).
Vitner et al (2007) reported that USA (California), Israel,stalia, Peru, Chile, and



Chapter 2:General Review of Literature

South Africa are the main waxflower producing coest in the world
(Ratanasanobon and Seaton, 2010
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Figure. 22. Total Australian imports (‘000 numbers) of freslt flower and flower
buds during 2007 to 2011. (Anon, 2012)
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Table. 2.1. Some commercial varieties of waxfloaeilable in Australia (Seaton and

Poulish, 2010
Variety Flowering time

CWA Pink Very early season June
Early NIR Early season June to July
Revelation Early season late June to July
Jurien Book Early to mid-season July to early Augus
Purple Pride Early to mid-season July to August
Eclipse Early to mid-season July to August

Painted Lady

Early to mid-season July to August

Purple Giant

Early to mid-season July to August

Teina’s Delight

Early to mid-season July to August

Lilac Spring

Mid- season July to October

Raspberry Ripple

Mid- season August

Crystal Pearl

Mid to late season August

WX74 Mid to late season mid to late August
Alba Mid- season August to September
Ivory Pearl Mid- season late August to early Sejtem

Mullering Brook

Mid to late season September

Chantilly Lace

Mid to late season September to Qato

Eric John

Late season mid -September to October

WX87

Late season September to October

Dancing Queen

Late season late-September to Qctobe

Lady Stephanie Late season late-September to Qctobe
Paddy’s Pink Late season late-September to October
White Fire Late season late-September to October
Lady Jennifer Late season late-September to October

Cardinal Chris

Late season late-September to @ctob

My Sweet Sixteen

Very late season October to Ndezm

Snowball

Very late season October to November

Mullering Brook White

Very late season October to November
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Cut waxflowers are very sensitive to ethylene dradrtvase life is relatively
short (Joyce, 1993). The cut waxflower industry Aastralia has a significant
problem with post-harvest flowers/buds abscissiae do the accumulation of
endogenous ethylene and/or exposure to exogenbyters in the post-harvest
atmosphere (Joyce, 1988, 1992; Faragher, 1989).s€hsitive flowers, such as
waxflower genotypes and other flowers are damagegkposure to ethylene as little
as 0.01uL L™ for more than a day whilst, L L™ for 12 - 24 h can cause substantial
damage to both flower bud and open floral absamsaitd ageing after harvest (Dinh
et al,2008; Faragheet al, 2010). Ethylene anBotrytis cinereaare also known to
reduce the value of the stems during storage (Jb988; Dinhet al, 2008, 2011;
Gollnow and Worrall, 2010; Seaton and Poulish, 20Knti-ethylene treatment
during the post-harvest phase is one of the mdsttefe methods for reducing the
loss of flowers in waxflowers (Faraghet al, 2010; Gollnow and Worrall, 2010;
Seaton and Poulish, 2010).

2.2. Ethylene

Ethylene is a colourless gas and is produced bgtpland acts as a plant
hormone. Ethylene is the simplest unsaturated legdbmn with a molecular formula
of CoHa (Abeleset al, 1992; Saltveit, 1999, 2004; Gibsenhal, 2000; Lurie, 2007,
Martinez-Romeret al,, 2007; Scarioét al, 2014). Ethylene is very active as a plant
hormone even at low concentrations (nL - pt) but the response to ethylene is
genotype dependent Table.2.2 (Saltveit, 1999; 2GU4sonet al, 2000;Sereket al,
2006; Scarioet al, 2014). Abele®t al (1992) reported that ethylene has a critical
role in initiating and regulating the life cycle pfants from seed germination to
organ senescence (Bleeker and Kende, 2000; Maif®oerro et al, 2007).
Blankenship (2001) illustrated that ethylene carptmuced when plant tissues are
injured either through disease or mechanical dam&bere are several external
sources of ethylene that can affect plants souncelside heaters, smoke (from
cigarettes, combustion engines and the weldingdingovegetation and natural gas
leaks (Gibsonret al., 2000). Ethylene has been shown to play a beaéfand
detrimental role in a wide range of plant respores&s developmental processes in
horticultural crops. It promotes seed germinatithre, formation of the root, lateral

bud development, initiation of flowering and flowepening but it also promotes
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senescence, leaf, flower and fruit abscission, ssiee softening of fruits, loss of
chlorophyll and enhances discoloration. All theride¢ntal effects contribute to the
hastening of the floral senescence pathway in aoeummf ornamental plants (Abeles
et al, 1992; Joyce, 1993; Ten Have and Woltering, 1S&ltveit, 1999; Bleeker and
Kende, 2000; Blankenship, 2001; Saltveit, 2004 dBiret al, 2007; Linet al, 2009;
Goldenet al, 2014). Ethylene is known as natural senescéonceone to cause
petal senescence Pendrobium CampanulaTrachelium Gypsophila(Newmanet
al.,1998; Serelet al, 2006) and carnatiorD{anthus caryophyllus(Borochov and
Woodson, 1989; Seredt al., 1995a, b), also plays a key role in shorteninge \ds

of sensitive cut flowers and inducing undesiraldsvérs abscission (Seredt al.,
2006) reduction in vase life of sweet péathyrus odoratud..), (Kebeneiet al,
2003b), enhanced petal senescencé&ardissus pseudonarcissug (Hunteret al,
2004a) and petal/flower/bud abscissionBackhousia myrtifoliaBaeckea virgata
Boronia heterophylla, Ceratopetalum gummiferu@hamelaucium uncinatum
Plectranthus Pelargonium peltatumZonal Geraniums and Oriental hybrid lilies
(Joyce,1993; Cameron and Reid, 2001; Josiesl, 2001; Celikelet al, 2002
Ascoughet al, 2006; Faragheat al, 2010).
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Table.2.2. Sensitivity to ethylene exposure inadight flowers (Reid, 2004).

Flower scientific name

Ethylene sensitivity

Alstroemeria

Sensitive to ethylene exposure

Anemonespp

Cause petal drop and reduce vase life

Anthurium andraeanum

Insensitive to ethylene exposure

Asparagusspp

Cause leaf drop

Aster spp.

Insensitive to ethylene exposure

Gypsophila paniculata

Cause sleepiness of open buds and wilting

flowers

of

Strelitzia reginae

Insensitive to ethylene exposure

Bouvardiaspp.

Cause flowers abscission and wilting

Zantedeschiapp.

Insensitive to ethylene exposure

Dianthus caryophyllus

Sensitive to ethylene case petal wilting @

sleepiness

Dendranthema grandiflorum

Insensitive to ethylene exposure

Narcissuscvs.

Sensitive to ethylene

Delphinium consolidapp

Very sensitive to ethylene

Chamaedoreapp. Insensitive to ethylene exposure
Eucalyptusspp. Insensitive to ethylene exposure
Abiesspp. Insensitive to ethylene exposure
Freesia Ethylene effect in young buds than open florets
Gerbera jamesonii Insensitive to ethylene exposure

Alpinia zerumbet

Insensitive to ethylene exposure

Gladioluscyvs.

ind

Insensitive to ethylene but ethylene can eaus

abortion to close buds

Heliconia humilis

Insensitive to ethylene exposure

Iris cvs.

Insensitive to ethylene exposure

Gaultheria shallon

Insensitive to ethylene exposure

Liatris pycnostachya

Insensitive to ethylene exposure

Liatris

Insensitive to ethylene exposure

Lilium spp.

Sensitive to ethylene can cause petal abmtiss
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2.2.1. Biosynthesis of ethylene

Ethylene is produced from 1-aminocyclopropanecaylioxacid (ACC)
which in turn is made from methionine in a bioswtih pathway known as the
Yang's cycle. The two main enzymes which regulats mmetabolic pathway are 1-
aminocyclopropane-1-carboxylic acid ACC oxidase &a@C synthase (Adams and
Yang, 1979). In the Yang’s cycle, methionine is\eted to S-adenosyl methionine
(SAM) by SAM synthase. 1-aminocyclopropane-1-castioxacid (ACC) synthase
then performs the cyclisation reaction to conveAMSto ACC Fig.2.5. The
conversion of ACC into ethylene by ACC oxidase ines the loss of carbon
dioxide and hydrogen cyanide (Yang and Hoffman 41 $eeker and Kende, 2000;
Srivasava, 2002; Muller and Stummann, 2003) Thevpay of ethylene biosynthesis
including activity of two main enzymes ACC synthasal ACC oxidase has been
reviewed in detail (Adams and Yang, 1979; Abedtsal, 1992; Kende, 1993;
Bleeker and Kende, 2000; Muller and Stummann, 2003)
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M ethionine

SAM synthase

(SAM) S- adenosyl 1methionine

ACC synthase

(ACC) 1- aminocyclopropane -1- carboxylic acid

ACC

ACC oxidase

Ethylene

Receptor

Figure. 25. Ethylene biosynthesis in plants and the diffemrtymes involved (Adams
and Yang, 1979 artinez-Romeret al, 2007
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2.3. Senescence

Senescence, aging and death are the main obstacldse floricultural
industry which leads to reduced lifetime and qyahta number of cut flowers (van
Doorn and Wothering, 1991; Bowyer and Wills, 200Riller and Stummann, 2003;
Ebrahimzadehet al, 2008; Almasiet al, 2012; Rani and Singh, 2014). Flower
senescence represents the ultimate event in theydle of many plant tissues. It is
considered to be an integral part of the normalwgroof plants, as reported in
Alstroemeriaflowers senescence characterised by wilting amdlimg, terminating
by the flowers abscission. (Stead and Van Door@41%agstaffet al, 2003; Jones
et al, 2005; Yamadat al, 2007; Tripathi and Tuteja, 2007; Ichimwal, 2009;
Shahri and Tahir, 2011). Senescence is known asnglex process which involves
a series of highly coordinated changes in geneesspyn and other biochemical and
physiological changes ultimately leading to celittheof an organ or an organism. It
Is usually observed in petals, leaves, stamenssge (Tripathi and Tuteja, 2007,
van Doorn and Woltering, 2008; Shahri and Tahid, 2®Desakt al, 2012).

A number of biochemical, physiological and genehanges occur during
floral senescence (Tripathi and Tuteja, 2007; Shahd Tahir, 2011) such as,
regulation of expression of genes, increased axelatress and decreased activities
of protective enzymes, proteins degradation in mgem loss of fatty acid,
breakdown in pigmentation, loss of membrane peritigahnd loss of nucleic acids
(DNA and RNA) at the last stages of senescence.niide, the ultra-structural
changes during senescence, such as loss and eotiapsnoplast of organelles and
loss of cytoplasmic content, has been reportedination andris flowers (Smithet
al., 1992; van Dooret al, 2003; Van Doon and Woltering, 2004). Environnaé€nt
factors can promote senescence processes suclotas diresses, drought, light
guality and other factors (Tripathi and Tuteja, 200an Doorn and Woltering, 2008;
Shahri and Tahir, 2011). Flower senescence is gdlloy many factors such as
water stress (Mulleet al, 2000; Tripathi and Tuteja, 2007), ethylene (Cameand
Reid, 2001; Hunteet al., 2004a) , pollination (Nichols, 1977; Stead, 199an
Doorn, 1997) and post-harvest oxidative stresscfirokovaet al, 2001). Abscisic
acid has been reported to implicated in floral searece by increasing the ethylene
production (Halevy and Mayak, 1981; Rubinstein, @0lripathi and Tuteja, 2007).
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Ethylene promotes leaf and floral organ senaseén many plant species
(Woltering and van Doorn, 1988; Borochov and Wood$889; van Doorn, 2001;
Muller and Stummann, 2003; Wagstat al, 2005; Tripathi and Tuteja, 2007;
Scariotet al, 2014). Abscisic acid is another regulator inMéos senescence in a
number of flowers. In cut roses, abscisic acid ceduhe level of carbohydrates and
increases the rate of respiration (Borockbal, 1976; Hunteet al, 2004b; Tripathi
and Tuteja, 2007). However, cytokinins are antieseent phytohormones that delay
floral senescence in various plant tissues by ilieduethylene production and
sensitivity to ethylene (Eisinger, 1977; Chaal, 2003; Tripathi and Tuteja, 2007,
Shahri and Tahir, 2011). Shahri and Tahir. (20Eported that polyamines and
jasmonates have been found to retard and hastescate, respectively, in orchid

species.

Anthocyanins, carotenoids and betalains areeethmain pigments
contributing to the colour of flowers (Rani and §in 2014). Chlorophyll is known
as the main pigment in plant tissues, oxygen ré&lica/olve in decreasing the
photosynthetic rate and pigment level as reportgdPlochazkovaet al, 2001.
Remobilization of nitrogen from proteins occurs do¢he breakdown of chlorophyll
(Shahri and Tahir, 2011). According to Avila-Rogtah al (2010) that one of the
most important reasons for the termination of shifin several cut flowers and the
factors involved in hampering to reduce flowers lquais colour fading and
discoloration (Rani and Singh, 2014). Extensivedigtsl have confirmed that the
colour of flowers depends on the pigment presenthe plant tissue and also on
various factors which determine the colour of thewérs due to pH, light and
temperature both important factors in anthocyastuemulation (Shvaret al, 1997;
Weiss, 2000; Deleet al, 2003; Meng and Wang, 2004). As such, exposure of
flowers to low light and high temperature resultsreduced pigment content in
flower petals because of down-regulation of genggression involved in the
biosynthesis of anthocyanins (Rani and Singh, 2014) addition, other changes
occur during senescence. Membrane integrity isbgdipid peroxidation. A range
of reactive oxygen species such as singlet oxygenhgdroxyl radicals formed by
lipid peroxidation which, break down the fatty exigltimately influence membrane
permeability (van Doorn and Woltering, 2008; Rog&®@12). All of these reactive
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oxygen species have the ability to oxidise a numdésermacromolecules with

different specificities (Baillyet al,, 2001).

During petal senescence, a change in protein syistlaed degradation is
observed. Loss of proteins plays important rolemost of the structural and
functional properties of plant tissues. The senase®f petals and other parts of a
flower causes a reduction in total protein contdué to the increased protease
activity (Shahri and Tahir, 2011; Rani and Sing@14). Rani and Singh. (2014)
reported that in some species of flowers such asnge and rose a significant
reduction in protein levels have been reportedieetioe symptoms of ageing appear.
Similarly, Shahri and Tahir. (2011) also reportadreased protease activity during
sepal senescence@onsolida ajacidlowers. The breakdown of nucleic acids (DNA
and RNA) during the senescence process is notedaimy flowers species such as
Petunia inflata, AlstroemerialadiolusandActinidia deliciosaOrzaez and Granell,
1997; Xu and Hanson, 2000; Wagsteffal, 2003; Yamadat al, 2003). Rani and
Singh. (2014) also reported that activities of mastymes such as catalase (CAT),
superoxide dismutase (SOD), ascorbate peroxidag®X)Aamong others act in

diverse ways during flower ageing.

2.4. Abscission of flower s/buds

The abscission process of flower parts (shatterimggferred to the natural
processes where plant organs separate from thé sulah as floral structures, fruit
and leaves. Abscission is an integral characterist plant development and
considered as a serious problem during posthaheastling of several flowering
plants (Cameron and Reid, 1983; Joyce, 1993; Camaand Reid, 2001; Macnist
al., 2005; Hvoslef-Eide, 2008). The various orgdnat aire dropped in the abscission
process include sepals, stamens, petals, styl@gede flowers, inflorescences and
fruit (Ascoughet al, 2006). Pollination-induced ethylene generatifteroprovides
the signal for petal or corolla abscission (Bro#@97). Scientists have sought to
elucidate abscission events that occur in resptmskevelopmental environmental
and hormonal factors (Ascougit al 2005). Stressful environmental factors trigger
abscission in plant material which include low tighvater stress, temperature,

humidity, exposure to ethylene gas, improper paickpgnd transport. Endogenous
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ethylene normally hastens abscission even thoughnibt the only factor regulating
abscission (Sextoet al, 1985; Ascouglret al. 2005). Abscisic acid (ABA) is a
natural hormone which has also been implicated layipg an essential role in
promoting senescence processes in various cut ioiunteret al, 2004b). ABA
accelerates senescence in rose cut flowers byasiag respiration rate and reducing
carbohydrate levels (Borochost al, 1976). ABA accumulation has also been
reported to accelerate the senescence in dayhlyation, narcissus and roses cut
flowers. This is due to ABA-induced ethylene proime and an increased
sensitivity of flowers towards ethylene (Mayak ataevy, 1972; Mayak and Dilley,
1976; Hunteret al, 2004b). Auxins have also been reported to rethesensitivity
of the abscission zone to ethylene action (van BDa@md Stead, 1997). Macnish

al. (2005) reported that the abscission zone is knawra narrow constriction in
tissue and loss in cell cohesion leading to then&tion of separate layers in plant
organs. For instance, in waxflowers genotypesathsxission process occurred at a
two to four cells wide separation layer within thlescission zone (Macnisdt al.,
2005). In this process, there is a degradatiorhefrhiddle lamella. The cell wall
adjacent to the separation layer generally becontae spherical and loosely packed
with the deterioration of the protoplasm (Macnethal, 2005). A number of studies
have revealed that activation of the abscissiore zefers to high secretory activity
and high protein synthesis in cell walls especialjgrolytic enzymes (van Doorn
and Stead, 1997). According to the authors, thevaein of the abscission zone
(AZ) is attributed to upregulation of protein syesis in cell walls, especially cell

wall hydrolysis enzymes such as cellulose and pasé (Sextoet al, 1985).

Exogenous ethylene appears to cause most of thbgpesst problems in
flower and bud abscission, wilting and flower seeese during transport, handling,
storage, and marketing of Australian native flowénsluding Chamelaucium
uncinatum,Leptospermum Thryptomene calycina, Backhousia myrtifplaeckea
virgata, Boronia heterophylla, Ceratopetalum gummiferandGrevillea as well as
cause short vase life of potted plarRelargonium peltatum and Plectranthus
cultivars (Joyce, 1993; Cameron and Reid, 200tpAghet al, 2006; Faraghest
al., 2010). Waxflower is one of the most valuablerexoic cut flowers for export in
the floriculture industry in Australia with up t®3%nillion sprigs sold to international
markets. It has been estimated that 95% of totadiymtion of native flowers from
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Australia is being exported (Beasley and Joyce 2@#aton and Poulish, 2010).
However, as reported by Joyce (1993) waxflowerdesufrom flower and bud
abscission during export because of the ethylewenaglation in carton occuring
during export. Macniskt al (2004a) reported that most waxflowers are sesstt
ethylene and there are differences among waxflowesgonse to ethylene exposure
such as that sensitive genotypes shed 10% offtbeiers in response to exposure to
ethylene including the extremely sensitive genasypairple Pride’, ‘Sweet Georgia’
and C uncinatum cvv:Early Nir’, ‘Paddy’s Late’, ‘CWA Pink’ and ‘EarlyHard'.
Macnishet al. (2000a) reported that 1-MCP (10 nb)lfumigation for 12 h at ZC
prevented flower abscission in Greville8ylvid inflorescences and waxflower
stems. Joyce (1993) proposed that in waxflowerletie production is mediated by
various factors such as wounds, water deficit, ggge¢hs, water stress and all these
factors elevate ethylene biosynthesis. Moreovescigbion can be reduced with the
treatment of various ethylene antagonists suchT& $-MCP, NAA with varying

efficiencies in modulating ethylene action and pidkesis and organ abscission.
2.5. Prevention of ethylene action

Numerous chemicals have been tested successfully bfocking the
deleterious effects of ethylene in various plard #ariculture industries in order to
control flowers and buds abscission and/or senescienvarious ornamental plants,
such as silver thiosulfate (STS) (Veen, 1979; Seret Andersen 1993; Halevy,
1994; Macnishet al, 2000a; Tanaset al, 2009), 2,5-norbornadiene (2,5-NBD)
(Sisler and Pian, 1973; Sislet al, 1986; Peiser, 1989; Wang and Woodson 1989;
Sisleret al, 1990; Sisler and Serek 2003; Ascowgglal,2006; Serelet al, 2007),
Diazocyclopentadiene (DACP) (Sisler and Blankensh§i®3b; Serelet al, 1994a;
Sisler and Serek, 1997; Sisler and Serek, 200&k®¢ial, 2006; Serelkt al, 2007),
trans-cyclooctene (TCO) (Sisleet al., 1990; Sisler and Serek, 2003), cyclopropene
(CP), (Sisleret al, 1996b; Sisler and Serek, 2003), 1-methylcyclpprne (1-MCP)
and 3,3-dimethylcyclopropene (3,3-DMCP) (Sisétral, 1996a; Sisler and Serek,
1997, Sisleret al, 2001; Sisleret al, 2003; Ascougtet al., 2006; Grichko, 2006;
Reid and Staby, 2008; Chutichue¢tal, 2010).
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2.5.1. Inhibitors of ethylene biosynthesis

Senescence and abscission are significant posttgoveblems induced by
exogenous and/or endogenously produced ethylenedJd993; Faraghest al,
2010; Scariokt al, 2014). In the past ten years, development ftéreéint strategies
to inhibit ethylene production or its action ledsimbstantial advances in postharvest
science and postharvest technologies, which ard fmseblocking the deleterious
effects of ethylene consequently reducing absaissfdlowers and/or senescence in
ornamental plants (Scariet al, 2014). Exposure to exogenous or endogenously
produced ethylene can be blocked in a number ohaast including the use of
ethylene biosynthesis inhibitors or ethylene actiohibitors (Sereket al, 2006;
Ebrahimzadelet al, 2008; Scarioet al, 2014). Various chemical substances have
been used for blocking the damaging effects of letley alleviating abscission of
flowers and/or senescence in different ornament@ntp. Firstly, ethylene
biosynthesis inhibitors have been used that arecefe in reducing endogenous
ethylene production in the plants, by inhibiting thctivity of 1-aminocyclopropane-
1-carboxylic acid synthase (ACS) and/or l-aminoayobpane-1-carboxylic acid
oxidase (ACO) (Serelet al, 2006; Martinez-Romeret al, 2007; Scariokt al,
2014).

Ethylene biosynthesis inhibitors such as AVGafinoethoxyvinylglycine),
(AOA) (amino oxyacetic acid) and methoxy vinyl glye (MVG) have been proven
to be effective tools in delaying senescence ofdis by inhibiting the activity of
ACS (Fujino,et al, 1980; Dostakt al, 1991; Reid and Wu, 1992; Ascougital,
2006; Martinez-Romeret al, 2007; Ebrahimzadett al.,2008; Tanaset al,, 2009).
Rattanwisalanona&t al (2003) reported that application of amino oxyacetcid
(AOA) extended vase life ddendrobiumflowers by inhibiting the activity of ACC
synthase and was also effective in controlling toeolla abscission in Guinea
impatiens(iImpatiensx hawkeri‘Sunfire’) (Dostalet al, 1991). Application of AVG
was more effective in extending the vase life of BEustomaflowers (Shimizu-
Yumoto and Ichimura, 2010). Martinez- Rometal (2007) reported that high rates
of carbon dioxide C®and low rates of oxygehave been found to be as an
antagonist of ethylene biosynthesis and action exqunsntly improving the shelf-life
of fruit and vegetables (Seralt al, 2006; Ebrahimzadeét al, 2008). However,
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these chemicals have several weaknesses that bdvéo Ithe reduction or the
prohibition of its use such as high cost, the gd#itulty in preparation of solutions
and phytotoxicity (Scariogt al, 2014). Additionally, flowers treated with ethiyke
biosynthesis inhibitors will be prone to the deletas effects of external ethylene
during the postharvest phase.

2.5.2. Inhibition at thereceptor level

Ethylene is known to interact with the ethyleneeggor through a transition
metal complex. The formation of this complex triggghe signal transduction
pathway which is responsible for ethylene actioislé® and Serek, 2003; Bindet
al., 2007). Although many transition metals previgushve been tested, only silver
and copper can act as cofactors to promote ethylgnkng activity. There are two
types of compound that bind to the ethylene readptough the copper (1) cofactor.
(Thompsonet al, 1983; Rodriguezt al, 1999; Binderet al, 2007; Pirrunget al,
2008; McDaniel and Binder, 2012). Compounds thatd o the receptor and trigger
an ethylene response are called agonists and comdpdbat bind to the ethylene
receptor but do not cause a response are calledamsts (Sisler and Serek; 1999,
2003) Ethylene antagonists promise to be comméycialportant in protecting
different fruits, vegetables and ornamental plaginst ethylene action.

25.2.1. Silver ions

Many inhibitors have been assessed for their e¥feaess on inhibition of the
signal transduction and gene activation by blockimg ethylene receptors in plants
(Sisler and Serek, 1997; Seretkal,, 2006; Ebrahimzadedt al, 2008; Stradeet al,
2009). Beyer (1976) suggested that the applicaifohgNOs as a spray solution on
Cattleyaorchid blooms delayed the flower senescence aedepted flowers from
wilting and leaf abscission. Kofranek and Paul @9&ported that the flower stems
of Chrysanthemums, Gerbera, Carnation and Gladaijysed in 1000 and 1200 mg
Lt AgNOs solution for 10 minutes improved flower opening asigelf life of
flowers. Halevy and Kofranek (1977) reported theg tongevity of carnations cut
flowers can be prolonged with pre-treatment of Aghalts. Ag® is also known to

exhibit anti-microbial properties when added to tese solutions holding cut
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carnation flower stems. Later on, Veen, (1983) atqmrted that (AD as a strong
ethylene action inhibitor binding to ethylene relcep and inhibiting ethylene action
(Veen, 1983; Serelkt al, 2007) as silver ions. Nevertheless, this formsibfer
(silver nitrate) is a heavy metal often phytotomiben applied as a spray, it was
ineffective when used in vase solutions as movewlglin cut flower stems also,
cannot be applied to edible crops (Joyce, 198&ySta al, 1993;Da Silva, 2006;
Sisler et al, 2006; Ebrahimzadelet al, 2008; Reid and Staby, 2008). Silver
thiosulfate (STS) is used commonly to protect semsiornamental plants against
ethylene, for delaying senescence and extendinth@o®st shelf life of potted
plants and cut flowers (Veen and van de Geijn, 1¥&&n, 1983; Mokt al, 1984;
Rodriguezet al, 1999; Doleet al, 2004; Serelet al, 2006; Ebrahimzadeét al.,
2008; Seglieet al, 2010; Hassan and Ali, 2014). Stadyal (1993) reported that
more than 400 studies are available on the effecéss of STS on different floral
crops. The treatment of (STS) has been reportetietextremely effective by
inhibiting ethylene action and in delaying the dneé senescence or preventing

floral abscission (Ichimurat al, 2002).

Joyce (1993) found that the application of STS (AN Ag* LY) for 15- 22 h
resulted in suppression of endogenous ethyleneuptiosh and reduced flower fall in
Geraldton waxflower in packaged flowers. Applicatiof STS resulted in delaying
in fresh weight loss in ethylene-treated flowers ko been reported foerticordia
nitens (Joyce and Poole, 1993). Macnish al. (2000a) reported that the longest
protection against ethylene effects was observednwthe cut waxflowers sprigs
treated with STS than the application of 1-M@Pplication of STS to carnation and
delphinium flowers is also effective in delayingetlonset of senescence or
preventing floral abscission and retarding fresigimeloss after harvest (Ichimued
al., 2002) also, inhibited petal abscission (Cameand Reid, 1983) and extended
vase life inMatthiola, Physostegia, Gypsophilseveral orchid specieBelphinium
sweet pea (Ichimurat al, 2002; Sereket al, 2006) and Victory ParadRosa
hybridaL. (Serek and Andersen, 1993).

According to Al-Humaid (2004) pulse treatment wiTS is widely
performed as an antimicrobial agent to reduce tatetobial activity during vase life

and significantly improved postharvest quality 8upreme’ cut gladiolus spikes and
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‘Evel Tower’ rose cultivars. Application of STS hagen reported to extend the
flowers vase life in SnapdragoAr{tirrhinum majud..) (Ichimuraet al.,2008). STS
prolongs the life of florets and spikes in cut Bia€'Cordula” (Zencirkiraret al.,
2010). Adugneet al,, (2012) claimed that Green- GO and Galy cultividrsarnation
cut flowers treated with STS (0.6 mM) and 259 sserwas effective to extend the
days taken for flower opening Rosa hybridgAsghariet al, 2014).

STS is a highly toxic heavy metal and cannot $edun food and feed due to
concerns for detrimental effects on human healih the environment (Serek and
Reid 1993; Halevy, 1994; Mayees al, 1997; Sisler and Serek, 1997; Ichimura and
Suto, 1999; Cameron and Reid, 2001; Sexte&tl, 2007; Seaton and Poulish, 2010).
STS has not been commonly adopted by growers becafighe higher cost,
requirement for specific time of application, propemperatures and negative impact
on human health which have led to the reductiotherprohibition of its use in the
USA and in Holland, for example, its use on potpants was banned (Halevy,
1994; Mayerst al, 1997). Later on, Seaton and Poulish (2010) tedahat STS at
higher concentrations can be phytotoxic and cafleesr drop thus, shortening vase

life in certain waxflowers.

2.5.2.2. 2,5-Norbornadiene (2,5-NBD) and trans-cyclooctene (TCO)

<l e

2,5-norbornadiene trans-cyclooctene

Numbers of potent cyclic olefins are known to inhdffect of ethylene and
were found to compete with the ethylene receptat aery effective blocker of
ethylene binding sites in plant tissue (Sisler Brah 1973; Sisleet al, 1996b; Sisler
and Serek, 1999; Serait al, 2007; Ebrahimzadeht al., 2008). Sisler and Pian
(1973) first described 2,5-norbornadiene as anbitdri of ethylene action in
carnation cut flower at anthesis stage as wellthsrdlowers (Sisleet al, 1983;
Peiser, 1989; Wang and Woodson, 1989). 2,5-norblegna is stable liquid at a

boiling point of 89 °C. The use of 2,5-norbornadiess an inhibitor of ethylene
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action on flower senescence has been extensivedgiigated over 20 years (Sisler
et al, 1983; Sisleet al,1986; Sisler and Serek, 2003; Ascoeglal, 2006). Sisleet

al. (1985) reported that application of 2000 pt P,5-norbornadiene was sufficient
to reduce the activity of both enzymes ACO and AG€#hibit the abscission rate of
the citrus leaf. Serekt al. (2006) reported that application of 2,5-norboraad
(500 pL LY) strongly delayed the onset of ethylene productiod extended shelf
life of carnation flowers. 2,5-norbornadiene wase oof the effective ethylene
antagonists untitrans-cyclooctene was discovered (Siségral, 1990). Sisleet al.
(2006) reported thattranscyclooctene was not as highly strained as 2,5-
norbornadiene, but the effective concentration lacl ethylene action ofrans

cyclooctene was nearly 100 times lower than 2,boradiene.

However, there are limitations on the practicsé¢ of both 2,5-norbornadiene
andtrans-cyclooctene. High concentrations of 2,5-norboraadiwill produce large
amounts of endogenous ethylene. Moreover, 2,5-modolcene is toxic and has a
noxious odour (Sisler and Serek, 1999; Sigeral., 2006). Additionally, both
compounds can diffuse from the receptor site withinshort time andrans
cyclooctene will only be effective if applied camtiously. The antagonistic effects of
both these compounds are temporary hence no atdrapé been made to use these
commercially (Sisleet al, 1985; Sisler and Serek, 2003; Sesekl, 2006; Sisleet
al., 2006).

2.5.2.3 Diazocyclopentadiene (DACP)

N
N

&

Diazocyclopentadiene

Diazocyclopentadiene (DACP) was synthesised agenpal photo-activated
antagonist which binds irreversibly to the ethyleeeeptor to decrease the ethylene
responses (Sisler and Blankenship, 1993b; Satled., 1993; Serelet al, 1994a).
Sereket al (2006) reported that DACP is a highly reactiveegais compound which

competes with ethylene for the receptor particulamder fluorescent light (Sisler
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and Blankenship, 1993a, b; Sisler and Serek, 28@38eket al, 2007; Reid and
Staby, 2008). Irradiated DACP compound it for 24 h was more effective in
reducing the endogenous production of ethyleneammation cut flowers (Sislest
al., 1993) extended shelf life in ‘Victory Parade’ {gat miniature roses (Serekal,
1994a) and delayed wilting, flower and bud absoissn Lathyrus odoratusl.
(Sextonet al, 1995).

DACP suppresses ethylene production and alEysi®anana fruit ripening
(Sisler and Blankenship, 1993; Reid and Staby, p0B&xtonet al. (1995) showed
that spikes of sweet pea flowers treated with DACPO pLL™Y) for 18 h under
fluorescent lights exhibited reduced abscissiobuafs and promoted the opening of
buds. It was also reported that tomato fruit treatéth DACP were insensitive to
ethylene exposure for 10 days (Sisler and Blankpn4®93b). Although DACP is a
very efficient inhibitor of ethylene action, it rot used in the horticulture industry
because it is unstable, explosive and phytotoxiewhsed at higher concentration
(Sereket al, 1994a; Sisler and Serek, 1999, 2003; Setedl., 2006; Sisler, 2006;
Sereket al.,2007).

2.5.2.4.-Cyclopropenes

,;;-ﬁ@% Hgﬁ:: {;Hg ﬁ

PN &%

Hﬁ.gf# E

1-Methylcyclopropene 3,3 -dimethylcyclopropene Cyclopropene
1-MCP 3,3DMCP cP

Cyclopropene is an interesting small molecule fadg because it contains a
highly-strained alkene situated within a three-merat ring (Stiglianet al, 1975).
Cyclopropene (CP), 1-methylcyclopropene (1-MCP)Y &rB-dimethylcyclopropene
(3,3-DMCP) were the first group of cyclopropenested as effective ethylene
antagonistsin several horticultural crops (Sislet al, 1996a; Sisler and Serek,
1997). CP and 1-MCP extend shelf-life and delagnipg in the postharvest phase
by preventing the physiological action of ethyleme& number of horticultural crops
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(Sisleret al, 1996a; Sisler and Serek, 1997; Sisler and Sefk3; Blankenship and
Dole, 2003; Sisleet al.,2006). Walsh (2005) proposed that CP acts aslgiteae
antagonist due to a highly strained ring which send bind to electron donor
compounds such as low valent metals in the recépislter and Serek, 1997; Sisler
et al, 2006; Rubinet al, 2007). As an example, application of CP (1 nt) lto
carnation cut flowers for 24 h was sufficient toogect them from exogenous
ethylene exposure (Sislet al,, 1996a). Sisler and Serek (2000) also reportattite
application of CP or 1-MCP to banana fruit reduteel sensitivity to ethylene and
recovered sensitivity to ethylene in 12 days ohtimeent. CP has no odour at an
optimum concentration and protects a number oftpllom the deleterious effects
of ethylene (Sisler and Serek, 1997). Howevas, éxplosive and polymerises when
exposed to high temperatures which limit its usesl¢Bet al, 1996a; Sisler and
Serek, 1997; Sisler and Serek, 2003). These ethydetion inhibitors have been
commercially applied to extend the postharvestdifeut flowers and potted plants.
Blankenship and Dole (2003) suggested that the mal|m of the anti-ethylene
compound is to prevent ethylene action by blocKing receptor sites. Sisler and
Serek (1999) reported that there are differencésdsn the agonists and antagonists
in the period of time these compounds remain bdonder to the receptor than
ethylene. Some ethylene inhibitors require contirsuexposure to be effective such
as 2,5-NBD while with others such as 1-MCP a sirgfposure is sufficient to block
ethylene receptors. Some ethylene antagoniststbirtkde receptor and the time of
diffusion from the receptor is 3-6 h some activanponents block ethylene
responses for 7-12 days (Sisler and Serek 1999ndgget al, 2005) and others
appear to be not strong binds to the ethylene tecépisler and Serek, 1997).

2.5.2.4.1. 1-Methylcyclopropene (1-M CP)

A number of cyclopropenes that appear to interaith whe ethylene for
receptor and inhibit the ethylene action for exeshgeriods have been discovered
(Sisler and Serek, 2003; Ebrahimzaeéelal, 2008). 1-Alkylcyclopropenes (1-MCP,
1-OCP, 1-DCP and 3-MCP) were more effective cyadppnes in blocking ethylene
responses in a range of ornamental crops by iratty the receptor at very low
concentrations for long periods thus, protectirgftowers from exogenous ethylene

whereby, improving shelf life and reducing flowetsaves and buds abscission

29



Chapter 2:General Review of Literature

(Sisler and Serek 1997; Sisketral, 1999; Cameron and Reid, 2001; Kebeateal,
2003a; Sisleet al, 2003; Buanongt al, 2005; Lurie, 2007).

1-MCP is a tool which has been added to the distethylene binding
inhibitors for overcoming the harmful effects ohgene in ornamentals (Reél al.,
2001). 1-MCP is a gas at standard temperature sessyre (Blankenship and Dole
2003). 1-MCP is a well-known commercially availaliteatment to suppress or
inhibit the adverse effects of ethylene by delayjgstharvest senescence and
maintaining the quality of horticultural and flonitural commodities by controlling
ethylene signal transduction and ethylene acticerglSet al, 1995a; Sisler and
Serek, 1997; Macnishkt al, 2000a, b; Cameron and Reid, 2001; Serek anerSisl|
2001; Blankenship and Dole 2003; Lurie, 2005).hds been reported that 1-MCP
has an excellent safety profile and is environnigntaendly (Ebrahimzadelet al,
2008). 1-MCP is stable at room temperature, eagiplied, odourless and has been
successfully used on flowers, some vegetabledsfrand plotted plants (Sered,
al., 2006). The formulation of 1-MCP has been dewetbmas a powder for
commercial use by two American companies unden#ree EthylBloc® especially
for its application in ornamental crops and lateraacommercial formulation under
the name SmartFresh™, used for various horticlltcoaamodities (Blankenship
and Dole, 2003; Sereket al, 2006; Reid and Staby, 2008). To ensure the
effectiveness of 1-MCP, the treatment is commorifggmed in an enclosed area
such as shipping containers, greenhouses, or ¢hdrat higher concentrations (800
ppb) for more than 24 h. Some flowers only reqtieatment for 15 minutes to see
beneficial effects of 1-MCP (Rekt al, 2001).

1-MCP is very beneficial in extending the vage bf both fresh cut flowers
and potted plants (Reiet al, 2001; Grichko, 2006). Plants treated with 1-M&P
very low concentrations (0.5 nLY) prevent the deleterious effects of ethylene on a
range of cut flowers and potted plants and othetiduttural commodities including
flowers (Serelet al, 1994b; Serekt al, 1995a; Sisleet al, 2003). Treatment with
1-MCP provided protection against the adverse tffe€ exogenous ethylene and
prevented ethylene-induced flower and bud abscissiddegonia elatiorand Rosa
hybrida L. and extended display life iBegonia tuberhybrida, Kalanchoe
blossfeldianaand Rosa hybrida(Sereket al., 1994b). Positive and negative effects
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were observed when 1-MCP was applied to variousegaind cut flowers such as
Plectranthus (Ascoughtet al, 2006), Cattleya alliances(Yamaneet al, 2004),
Dianthus caryophyllus(Asil et al, 2013), tulip (Chutichudetet al, 2010),
Pelargonium peltatumPink Blizzard” (Cameron and Reid, 2001 ;ampanula
carpatica and Kalanchoé blossfeldiangSisler et al, 1999), Antirrhinum majus
(Sereket al, 1995a), waxflower anérevillea (Macnishet al, 2000a), ‘Wendy’
Geraldton waxflower (Sereét al, 1995b),Gypsophila paniculatfNewmanet al,
1998), Hibiscus rosa(Reid et al, 2002), seven cultivars ¢falanchoe(Serek and
Reid, 2000),Lilium (Celikel et al., 2002), Asiatic hybrid and Lilium longiflorum
(Elgar et al, 1999), Zonal GeraniunfJoneset al, 2001), Lathyrus odoratus,
Dianthus caryophyllugnd Delphinium hybrid(lchimuraet al, 2002),14 different
native Australian cut flowergMacnish et al, 2000b, 2004b)Rosa hybridal.
‘Kardinal’ (Liao et al, 2013), Freesia flowers (Zencirkiran, 2010),Dendrobium
Aroon White, Mokara Jairak Gold andVascostylis sakura(Obsuwan and
Uthairatanakij, 2007), minPhalaenopsigSunet al, 2009),Boronia heterophylla
(Macnishet al, 2000c),Lantana camaraRapakaet al, 2007), Tree peonglia et
al., 2009) 38 cultivars of Tea rose (Macnighal, 2010) and_athyrus odoratud..
(Kebeneiet al., 2003b). The application of 1-MCP strongly inhibitthe negative
effects of exogenous ethylene such as by inhibiétig/lene-induced flowers and
buds abscission, improving and maintaining liferspad quality in some cultivars,
delaying flower senescence and petal wilting, et the longevity by keeping
the water balance and accelerating flower opetibgreket al.,1994b; Ichimuraet
al., 2002; Picchioiet al, 2002; Kebeneiet al, 2003b; Ascoughet al., 2006;
Obsuwan and Uthairatanakij, 2007).

In contrast, Elgaet al. (1999) showed that the application of 1-MCP for 6
at different concentrations ofsiatic hybrid, Oriental hybricand Lilium longiflora
provided a small effect on the extension of vafee Celikelet al (2002) suggested
that 1-MCP did not prevent normal abscission oreseence irLilium cut flowers.
The application of 1-MCP (10 nL#) over 12 h lead to delayed senescence in 14
various native Australian cut flowers, however, significant protection was seen
against exogenously applied ethylene (Maceishl., 2000b).Plectranthuscultivars
treated with 1-MCP (100 ppb or 500 ppb) did notueabscission (Ascougdt al,

2006). A similar observation was reported when 1AWgas applied tiKalanchoe
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blossfeldiana'Oriba’, as there were no significant differencesthe numbers of

‘Oriba’open flowers and buds as compared to coriRatket al, 2011).

The 1-mcp application appears to be efficient aasllbw toxicity. 1-MCP is
one of the most promising antagonists for commkrase however, it is not
exploited to its full potential in the ornamentatglustry due to the highest cost,
differential response to horticultural commoditi@s respect to concentration,
exposure duration, temperature during treatment stodhge, variety and maturity
stage of the produce and interaction among resptiressgenotype (Obsuwan and
Uthairatanakij, 2007; Seaton and Poulish, 2010;rKi2914) As 1-MCP is a gas, it
can only be used as a fumigant in closed contaiftezannot be applied as a spray in
a large field of flowers and has very low solulpiih water (Grichko, 200650renet
al., 2008). However, it is used in sachets in flowartons effectively (Seaton and
Poulish, 2010). The development of newer anti-ethglcompounds which will be
effective in reducing flowers/buds abscission art¢mrding the vase life of flowers
is warranted to overcome major postharvest probléamsvaxflower and other

floricultural crops.
2.6. Vaselife (VL)

The postharvest losses in cut flowers have beematsid at about 20 - 25%
of total global production (Bharathi and Barmanl20 The vase life or longevity of
cut flowers is known as the time from placementtte flowering stems in vase
solution to the time flowers lose their quality aadsthetic value rapidly such as
colour and appearance (Halevy and Mayak, 1981; raks et al, 2013; Saeedt
al., 2014; Scarioet al, 2014). Various phenotypic attributes such asojmening of
flowers, the length of florets and stems, changdseish weight, the colour of petals
and senescence pattern can be important factodgeteomine the vase life of cut
flowers (De and Bhattacharjee, 2000). In the mostand potted flowers, the vase
life parameter is the major factor to estimate ¢benmercial value of cut flowers
(Nukui et al, 2004; Seighalaret al, 2013). In different cut flowers, the lifespan of
flowers is affected by a number of factors playimportant roles in accelerating or
shortening flowers vase life includes genetic défeees among different species of

flowers such a¥erticordia sp. Desf. (Seaton, 2006), water balance, the pcesef
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endogenous or exogenous ethylene, pathogens amdonganisms that can cause
stem vascular occlusion and modulation in levelscafbohydrates (Halevy and
Mayak, 1981; Darragt al, 2004; Schroeder and Stimart, 2005; Slootweg5200
Zencirkiran, 2010). Environmental conditions suck temperature, light, and
nutrition can be involved in reducing flower vage (Celikel and Kraracaly, 1995).

Native waxflower is endemic to Australia. It isoggn commercially as a filler
flower in south-west Western Australia and comesamy colours, unique flower
forms and in different seasons (Seattnal, 2007; Gollnow and Worral, 2010;
Seaton and Poulish, 2010). Waxflower is sensitivethylene and hence usually has
short vase life compared to other flowers (Oligyal, 1996). Due to its extreme
sensitivity to exogenous ethylene, which is onehef major postharvest problems,
floral organ (flowers, leaves and buds) drop counsatly shortening vase life,
leading to loss of sales (Joyce, 1988; Seaton, ;2G@Hnow and Worral, 2010;
Seaton and Poulish, 2010). Seaton (2006) repolizdtihe vase life oYerticordia
flowers shortened with increased floral drop. HEthg is responsible for premature
floral senescence and flower and bud abscissiometisas reduced the longevity in
several cut flowers (Joyce, 1998n Doorn and Stead, 1997; Ichimataal, 2002;
Scariotet al, 2014). The typical vase life of waxflower genmg can range from 7
days to 32 days depending upon the species of asgamd varieties (Seatan al,
2007). Recently, the floriculture industry seathe find an economical method to
prolong the life span in different cut flowers (Kizaet al, 2015). Vase life of
various cut flowers can be extended by delayingotieet of flower senescence using
different chemicals in vase solution. Effective mheals can extend flower vase life
by improving water uptake and reducing the tramgjmn process (Let al, 2010).
Earlier, van Meeteren (1992) reported that the #omg stems of ‘Cassa’
Chrysanthemum morifoliuplaced in coldvater for 2 h improved the water balance
in flowers. When the stems were pulse treated ift\bd for 24 h) with STS, it was
effective in preventing postharvest abscission axflewers but had no effect on

extending waxflower vase life (Joyce, 1988, 1993).

In addition, STS plus sucrose was more effectivant STS alone in
prolonging vase life of snapdragon (Ichimwtal, 2008). Treatment of sucrose

with 8-hydroxyquinoline sulphate 8-HQS maintainéalMer vase life insweet pea
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more than that in the 8-HQS only treatment, (EIhi2812) while amino oxyacetic
acid (AOA) in combination with sucrose prolongedsealife in Dendrobium
(Rattanawisalanoet al, 2003). The spray or dipping treatment of beragénine
(BA) reported extending vase life in a number optcal flowers such a&nthurium
andraeanumHeliconia psittacorumand Alpinia purpurata(Paull and Chantrachit,
2001). Gibberellic acid treatment enhanced thee \de quality in gladiolus cut
flowers (Saeeet al, 2014). Also, when the flowering sprigs Bélianthes tuberosa
L. treated with 10 or 20 mgtof GAs and 200 mg 1 8-HQS for 24 h followed by
placement of the flowers in vase solution contajnsnicrose, improve@olianthes
tuberosavase life and flowers bud opening (®a al, 2001). Vase solutions
containing chlorine dioxide (2 or 10 puLY) extended the vase life of different cut
flowers such a#lstroemeria peruviana@ntirrhinum majus, Dianthus caryophyllus,
Gerbera jamesonii, Gypsophila paniculata, Liliumaticum, Matthiola incana and
Rosa hybriddlowers by 0.9 -13.4 days (Macnigh al., 2008). Pulsing treatment of
calcium chloride (CaG) is an unsuccessful method in prolonging waxflesrshelf
life or reducing the abscission of flowers and b(itsylor et al, 2003). Application
of (CaCh) and salicylic acid (SA) was effective in improgithe vase life of rose cut
flowers (Abdolmalekiet al, 2015). Seighalanet al. (2013) reported acetaldehyde
(2%) in vase solution was effective in extendingeséife and improving the opening
of Eustoma grandifloraflowers. In addition, several metallic salts suchcabalt
chloride, silver nitrate, zinc sulphate, calciuntraie and aluminium sulphate have
been used widely in extending the shelf life ofatént cut flowers (De and Singh,
2016).

Sugar in the vase solution generally acts as atrsubssource for increasing
the respiration process, keeps the water balansevieral cut flowers and delays the
petal and flower senescence (Halevy and Mayak, ;1BdfA and Ichimura, 2003). In
Ranunculus asiaticus., the sugar concentration increased during lthedr opening
period in the petal tissues more than during tileseence period (Shahri and Tahir,
2011).

The application of exogenous sugars played a sigmif role to delay the
wilting process and suppress flower abscission prmmote bud opening in

Dendrobium'Jew Yuay Tew’ flowers (Rattanawisalanenal, 2003). The treatment
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of cultivars ‘Delilah’Rosa hybrida.. with sucrose and (8-HQS) markedly extended
vase life (Kazuoet al, 2005). Vase solutions containing sugars andha t
antimicrobial 8-Hydroxyquinoline sulphate (8-HQSpavie become significantly
effective treatments in extending the shelf lifeaimumber of cut flowers such as
Antirrhinum majus,various genotypes of waxflowers and rose cut flemgsrar,
2012; Dung, 2013; Elgimabi and Sliai, 2013). Agg012) found that the application
of 200 mg *8-HQS combined with 2% sucrose solution delayegdragon flower
senescence, improved the quality and extendedldaeifs vase life. Dung (2013)
investigated the effect of a number of sugars altancentrations of 58.48 mM
including maltose, glucose, fructose or galactosksaicrose supplemented with 200
mg L 8-HQS on vase life of different genotypes of wawiss and found that
sucrose, fructose and glucose were more effeativexiending waxflower vase life
as compared to maltose and galactose. The vaseflibait spikes ofCymbidium
orchid hybrid ‘Pine Clash Moon Venus’ was extentie®6 and 54.8 days when the
spikes were pulsed in 5% and 8% sucrose compareth&y treatments (Bharathi
and Barman, 2015). Sugars at 4% and 100 mgfLaluminium sulfate Al(SQy)s
extended the vase life @fendrobium Thongchai Gold’ to 36 days (De and Singh,
2016). Khandakeet al (2017) showed that 6% sucrose in vase solutios tha
most effective treatment to extend the vase lifg leeep flower quality of orchid cut

flowers.

1-MCP is the most effective blocker of ethylenei@cin many cut flowers
and is also beneficial in extending lifetime of bdtesh cut flower and potted
flowers (Celikel et al, 2002; Hassan and Gerzson, 2002; Ichimetraal.2002;
Kebenei et al, 2003b; Grichko, 2006; Zencirkiran, 2010; Agt al, 2013).
However, 1-MCP is limited in its application to éveed areas to be effective and
cannot be applied in fields or open areas. Somdlavegr genotypes become more
sensitive to ethylene after 2 to 4 days of treatnveith 1-MCP and not enough
soluble in water (Macnislet al, 2000 Gorenet al, 2008; Seaton and Poulish,
2010; Seglieet al, 2010). As reported previously in Section 2.5,21Bvelopment of
new compounds which will be more effective in inhilg the ethylene action at the

receptor level in flowers is warranted to extenel thse life of flowers and leaves.
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CHAPTER 3

General materials and methods

Various experiments were conducted to determine dffectiveness of
potential new ethylene antagonists in reducing éieibuds abscission during 2014
and 2015. Efficacy of selected ethylene antagemssts also tested in extending the
vase life of flowers/leaves of different genotypsswaxflowers in 2015. All the
experiments were conducted at the HorticulturaleResh Laboratory located at
Technology Park, Department of Environment and é&gdture, Curtin University,

Bentley, Perth and the Department of Agricultured &ood Western Australia
(DAFWA), South Perth, during June to October in2@hd 2015.

Figure. 3.1. Waxflower bushes of different genos/pat the Department of
Agriculture and Food Western Australia (DAFWA), $lowPerth, Western Australia

used in various experiments.
3.1. Plant material

A range of waxflower genotypes differing in theansitivity to ethylene was
used in various experiments Table. 3.1 sourced ftwnDepartment of Agriculture
and Food Western Australia (DAFWA), South Perth s Australia. Waxflower
bushes were cultivated using irrigation and fetigga Fig. 3.1 best practice

previously detailed by (Seaton and Poulish, 2010).
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Table 3.1.Various genotypes of waxflower differimgtheir sensitivity to ethylene
used in the experiments (Seaton and Poulish, 2010).

Genotypes Sensitivity to ethylene
‘WX107 Medium

‘WX17’ Highly sensitive
‘WX73’ Medium

‘WX56’ Medium

‘WX58'’ Medium

‘WXFU’ Medium

‘WX116’ Highly sensitive
‘WX14' Medium

‘WX74' Medium
‘WX110' Medium

‘Purple Pride’ Highly sensitive
‘Crystal Pearl’ Medium

‘Lady Stephanie’ Medium

‘White Spring’ Highly sensitive
‘Southern Stars’ Low sensitive
‘Revelation’ Medium

‘Hybrid 1’ -

‘Jenny’ Highly sensitive

‘Muchae Mauve’

Highly sensitive

- No informationaakable

3.2. Harvestingflowering stems

The leafy flowering sprigs (leaves, open flowersl dlower buds) were
picked using secateurs in the early morning exnipib7.5 to 98.7% open flowers
(in different genotypes) from mature bushes (fiveix years old). The harvested
stems were 60 to 70 cm long and placed with thétirends in pots of clean water
following their harvest Fig. 3.2. The flowering ste were transported within 30 - 40

minutes after harvest to the Horticulture Resedraboratory at Technology Park,
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Department of Environment and Agriculture Curtin ivémsity, Bentley. At the
laboratory, the stem ends were recut under wategrntmve air embolisms and 30%

of the leaves were removed from the lower portibearh stem in each treatment.

The flowering stems were selected randomly (Se&006).

Figure. 3.2. Flowering stems harvested from varigenotypes used in different
experiments: (A) ‘WXFU’ .(B) ‘White Spring’ .(C) ‘&rple Pride’ .(D) ‘WX58’ .(E)
‘Revelation’ .(F) ‘WX56’ .(G) ‘WX74’ and Pink ‘WX14(H) ‘Crystal Pearl .(I)

‘Muchae Mauve’ waxflowers.
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3.3. Sources of chemicals

Ethylene antagonists were synthesised by Dr Paymgsup at the
Department of Chemistry, Curtin University or puaskd from different companies.
A range of new compounds was synthesised thattaretwally different compared
to 1-methycyclopropene (1-MCP) and are either stdiguids, solids or gases to
facilitate their potential application as a spralpping, coating and a fumigant.
Various potential ethylene antagonists differingchemical formula, structure and

molecular weight were tested in different experitaere listed in Table. 3.2.
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Table. 3.2. Chemical name, formula, structure, ol weight (MW) and sources

of potential antagonists tested in various expanisie

No Chemical name formula Structure MwW Sources
(9)
1 1-Octyne CsH1a 2~ 110.2 | Alfa Aesar, Lancashire, UK
2 Isoprene oxide CsHsO /\é 84.1 | Department of Chemistry *
3 trans-Cinnamaldehyde (CA) | CyHsO @MHO 132.2 | Acros Organics, New Jerse
us
4 (+)-Carvone Ci10H160 °t 152.2 | Sigma-Aldrich, Castle Hill,
NSW, Australia
5 Eugenol CioH120, | ™°° A 164.2 | Sigma-Aldrich, Castle Hill,
" NSW, Australia
6 1-Octene oxide CgH160 &/\/\ 128.2 | Department of Chemistry*
7 (9-(-)-Limonene CioH1s @__{ 136.2 | Sigma Aldrich, Castle Hill,
NSW, Australia
8 Butyl acrylate C7/H1202 \)1 P 128.2 | Alfa Aesar, Lancashire, UK
o
9 Allyl butyl ether C/H140 "o 114.2 | Department of Chemistry *
10 | 1H-cyclopropab]lnaphthalene| CiiHs 400 140.2 | Department of Chemistry *
(NC)
11 | 1-Octene CsHaie """ 112.2 | Merck, Victoria, Australia
12 | 1H-cyclopropabenzene (BC) | C/Hs @ 90.1 | Department of Chemistry *
13 | 1-Hexylcyclopropene (1-HCP) CoHis A/\/\/\ 124 Department of Chemistry *

* Ethylene antagonists were synthesised by Dr Paygmup at the Department of

Chemistry, Curtin University.
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3.3.1. Preparation of solution of different compouds.

Stock solutions of each chemical were freshly preghgorior to their use in
experiments. Each compound was dissolved in safficethanol to prepare a 100
MM of stock solution. The stock solution was ditlia ethanol to prepare 1 uM of
concentration which was then applied to flower gprin plastic drums (60 L

volume) as a fumigant as mentioned in Section 3.4.

3.4. Application of ethylene antagonists to cut wdbowers at 1 uM and different

three concentrations (0.5, 1.0 and 2.0 puM).

All the experiments were conducted having four ttresnts per potential
ethylene antagonist such as (i) control as untdefitavers and exposed to air (ii)
control followed by exposure to (10 pLYLethylene 24 h prior to their exposure to
the air (iii) antagonist fumigation treatment (1 ufdr 18 h then exposed to air only
and (iv) antagonist fumigation treatment (1 uM) 18 h followed by 24 h exposure
to 10 pL L? of ethylene then exposed to the air. In total,different ethylene
inhibitors were tested. 3.Also the efficiency offelient three (0.5, 1.0 and 2.0 uM)
concentrations of promising ethylene antagoniss trans-cinnamaldehyde, H-
cyclopropa[b]naphthalene, Hicyclopropabenzene and 1-hexylcyclopropene in
inhibiting ethylene action consequently reducirayirs/buds abscission in different
genotypes of waxflowers have been tested. In tadl éxperiments, the flower
bunches were kept in small 100ml translucent plagtises containing distilled
water. Flowering sprigs of different genotypes wduenigated with different
ethylene antagonists each ethylene antagonist@olwigs poured on a filter paper in
a petri dish in 60 L plastic drums. A small plagdo was left on inside the container
to circulate the vapour of the chemical aroundfibveer stems. The treatments were
applied for 18 h at 20 + 1°C and 65 + 5% RH. ARD.g of soda lime was placed in
petri dishes in the drums during treatment of flong stems to absorb any c@at
might have been produced by respiration process fhe flowering stems (Seaton,
2006) and Fig. 3.3.
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Figure. 3.3. Application of ethylene antagonist treatmestl1® h fumigation to

waxflowers in a plastic drum. (A) Small plastic fased inside the container to
circulate the vapour of the chemical around thevélostems. (B) 60 L plastic drum
used for 18 h fumigation treatment. (C) Plasticndrnwith flower stems, soda lime
and battery operated the plastic fan. (D) Fumigatieatment of ethylene antagonist
being applied to flowers stems in sealed plastiomdr containing soda lime and

battery operated the plastic fan.
3.5. Ethylene treatment

To test the protection provided by the ethyleneagmnists flowers were
subjected to exogenously applied ethylene. Foligwihe completion of 18 h
ethylene antagonist fumigation treatments the flawgebunches were taken out of
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the drums and enclosed in plexiglass chambers (0lume) and then subjected to
10 pL L? of ethylene for 24 h according to (Seaton, 200§) &.4.

Figure. 3.4. Application of ethylene treatment (10 L) by injecting pure ethylene
into glass chambers containing waxflower stems2irh. Flowering stems were
placed in mesh cones inside the glass chambenstpriajecting the pure ethylene
using a 1ml syringe inserted through a rubber joodted at the top of each chamber
(Seaton, 2006).

3.6. Flowers/buds abscission

The flowers/buds abscission was recorded follovatitylene treatment. The
sprigs were softly beaten against the bench fomh eaplicate. The abscised
flowers/buds were counted and the number of floleeds remaining on the stems
also counted. The percentage of flowers/buds atx$aims calculated daily for four
consecutive days. In each experiment the efficacyiferent concentrations of
ethylene antagonists against flowers/buds abscisgas recorded on one, two, three
and four days after treatments and the percentaddl®wers/buds abscission was
calculated as:

the number of flowers/buds abscised

o i — 9
(%)of flowers/buds abscission Total (flowers/buds abscised + remaining) 100

abscission (chemical + C,H,)% — abscission (C,H,)%

Relative abscission = x 100
elative abscission abscission (C,H,)%
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3.7. Effects of ethylene antagonists and differetypes of vase solutions on vase
life of different genotypes of waxflowers.

3.7.1. Plant material

Flowering bunches of ‘Crystal Pearl’, ‘Lady Steple, ‘Purple Pride’ and
‘WX74' were harvested from mature bushes (five geaid) grown at the
Department of Agriculture and Food Western AustrdibAFWA), South Perth,
during 2016 Fig. 3.5. Immediately following hartate stems were kept upright in
buckets filled with tap water and transported withalf an hour to the Horticultural
Research Laboratory located at Technology Parkaewnt of Environment and
Agriculture, Curtin University, Bentley. For vaséeltreatments, the flower stems
were also recut with secateurs in water to 30 chemgth (from the cut ends to the
most extreme opened-flowers) and prior to placimg $tems in vases the lower

leaves were removed (Seaton, 2006)

Figure. 3.5. Flower stems of (A) ‘Crystal PearB) (Lady Stephanie’. (C) ‘Purple
Pride’ and. (D) ‘WX74’ waxflowers harvested werepkeupright in buckets filled
with tap water and used in the experiments.

3.7.2. Application of ethylene antagonist fumigatio treatments.

This experiment was carried out to investigate éfiectiveness of four

different ethylene antagonists at a concentratibnpuM) using four different
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genotypes of waxflowers ‘Crystal Pearl’, ‘Lady Stepie’, ‘Purple Pride’ and
‘WX74'. The treatments included fumigation of ramdy selected flower stems
with 1H-cyclopropab]naphthalene alone, Htcyclopropabenzene alondrans-
cinnamaldehyde or 1-hexylcyclopropene alone. Utdétedower stems were treated
as control. Flower stems of different genotypesawemigated with (1 uM) for 18

by using 60 L plastic drums at 20 + 1°C and 65 +RPbas explained previously in
section 3.4. Following the completion of ethylemdagonist treatments, the flowers
stems were transferred within 35 minutes to (DAFV@&ABouth Perth. For vase life
treatments, flower stems were recut with secatguvsater to 30 cm in length and
placed in 250 ml individual plastic vases contagninstilled water and kept in a vase
room at DAFWA for observation of the lifetime obilers and leaves (days). All
vase life assessment experiments were held inrezoaditioned room at 20 +°€,
60 = 10% RH with a 12 h photoperiod Fig. 3.6. Tight flux densities were 8m
m2 s2. The experiment was laid out as a completely remsed two factors
(treatment x genotypes) factorial design and eesditrhent was replicated six times
consisting of a single stem in individual vases.

Figure. 3.6. Preparation of the flowers stems flacipg in vase life room. (A)

Flower stems were recut with secateurs in wat&0tem in length. (B and C) four
genotypes after fumigation with different ethylesmatagonists. (D) 250 ml plastic
vases containing distilled water. (E) Floweringnséeplaced in vases. (F) The
flowering stems after one week of chemical treatnséh fresh.
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3.7.3. Assessment of vase life of flowers and leave

Vase life (VL) of flowers and leaves was noted gsiarating scale 1-5 as
detailed Table. 3.3 and Fig. 3.7 and also as pusWodetailed by (Dung, 2013).
Vase life of flowers was determined when more tB@f6 of opened flowers were
more than 50% closed or the petals showed damagga(® and Joyce 1992 and
1993). For genotypes, where flowers dropped beflwging, the end of vase life was
assessed when more than 50% of opened flowersropgeatl. Vase life of leaves
was recorded when more than 50% of the leaves fuyedesiccated or yellow for
their full length following rating score (1 to S3éaton and Joyce, 1992 and 1993).
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Table. 3.3. Rating scale of (1-5) to assess thedits and leaves vase life.

Score Description

1 Fresh no closure or wilting

2 10-25% of flowers at least half closed or leavéh half of their length
desiccated

25-50% flowers closed or leaves desiccated

4 50-75% flowers closed or leaves desiccated

75-100% of flowers closed or leaves desiccated

-
1
X

& o 2 2

SCore 2o Cvalviabes Tlowwex S ase

ife- CYNE L

‘Crystal Pearl’

Figure. 3.7. Score for rating vase life of flowers.

3.8. Effect of fumigation of MH-cyclopropalbjnaphthalene (NC), trans
cinnamaldehyde (CA) and 1-hexylcyclopropene (1-HCP) combination with
vase solution containing sucrose, fructose supplemed with 8-
hydroxyquinoline sulphate on the extension of vaskfe of flowers in ‘WX74’
and ‘WX14’ waxflowers.

3.8.1. Plant material and harvesting flowering stems

Flower stems of ‘WX74" and ‘WX14" waxflowers weratvested from the
field grown five-year-old bushes at DAFWA, SouthrtRe Flower stems exhibiting
75 - 96% open flowers were harvested in the earyning, and the cuts end of

flowering stems were immediately held into bucldtsap water in the field.
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3.8.2. Vase life solutions.

Vase solutions containing distilled water only, 58 M concentrations of

sucrose, or fructose or 100 mg B-HQS were used.
3.8.3.Application of treatments of ethylene inhibitors onvase life of waxflowers.

The flowering stems of ‘WX74’ and ‘WX14’ genotypegre fumigated with
three different inhibitors at 1 uM Htcyclopropablnaphthalene, trans-
cinnamaldehyde and 1-hexylcyclopropene for 18 lusipg 60 L plastic drums and
the same procedure as detailed in section 3.4oWinly the ethylene antagonists’
treatments, the stems were kept in different tygfegase solutions. The experiment
was laid out following two-factor (treatment x géyme) factorial completely
randomised design, and each treatment was remlidate times with one stem
included in each replication. Flower and leaf vifseassessment were conducted in
an air-conditioned room at 20 £ 2 °C, 60 + 10% Rkhva 12 h photoperiod. The
light flux densities were 8mol nT2 s2,

3.8.4. Assessment of vase life and leaves

During this experiment, thease life of flowers/leaves of the two treated

genotypes was recorded as described previoushctins 3.7.3.
3.8.5. Experimental design and statistical analysisf data

The data from various experiments was subjectedn®way or two-way
analysis of variance (ANOVA) using the statistigglckage GenStat 14th edition
(Lawes Agricultural Trust, Rothamsted Experimei@#dtion, UK). Least significant
differences were calculated by following a sigrafit F test® < 0.05). Treatment
means were compared by LSD & € 0.05) and means (x SE) were shown as
appropriate. Differences among treatments werénduranalysed using Duncan’s
Multiple Range Test. To ensure the validity of thetistical analysis, all the

assumptions of analysis of variance (ANOVA) wereatted.
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CHAPTER 4

Screening of potential antagonists of ethylene act through reducing

abscission of flowers/buds in waxflowers.
Abstract

Ethylene is a natural plant hormone that promolewer senescence and
shortens the display life in many cut and pottexdvéirs. 1-MCP is commercially
used to extend the postharvest life of flowersibigt highly unstable is applied only
as a fumigant and response is concentration andtymn specific. The aim of a
series of experiments was to evaluate the efficdcg range of potential ethylene
antagonists with different functional groups in ithstructure such as 1-octyne,
isoprene oxidetrans-cinnamaldehyde (CA), eugenol, (+)-carvor®;(f)-limonene,
l-octene, allyl butyl ether, butyl acrylate, 1-owe oxide, H-
cyclopropablnaphthalene  (NC), H-cyclopropabenzene (BC) and 1-
hexylcyclopropene (1-HCP) in inhibiting ethylenetias in various genotypes of
waxflowers investigated over 13 independent expemis in 2014. Varieties tested
represented a range of waxflower types with diffgrethylene sensitivity including
‘White Spring’, ‘WXFU’, ‘WX116’, ‘Muchae Mauve’, ‘Suthern Stars’, ‘WX73’,
‘WX110’, ‘WX107’, ‘Jenny’ and ‘WX17’. In different treatments, the flowers stem
of waxflowers was treated with ethylene ({10 L) alone for 24h, fumigated with
one chemical (JuM) alone for 18 h and flowering stems fumigatedhwihis
chemical followed by exposure to 1. L ethylene. Untreated stems served as
control. Percentage flower/bud abscission was dszbron completion of 24
ethylene exposure in each treatmekxmongst tested compounds, fumigation of 1-
octyne, isoprene oxide, (+)-carvone, eugenol, diytyl ether or 1-octene followed
by ethylene exposure for 2ddid not show any reduction in flower/bud abscissi
compared to those exposed to the ethylene alonanMdale, fumigation with 1-
octene oxide, butyl acrylatetrans-cinnamaldehyde, §-(-)-limonene, H-
cyclopropablnaphthalene, H-cyclopropabenzene or 1-hexylcyclopropene followed
by ethylene exposure showed a reduction in theepéage of flower/bud abscission
in different genotypes tested (46.4% ‘Southern s3ta66.8% ‘Southern Stars’,
47.2% ‘WXFU’, 66.4% ‘WXFU’, 81.1% ‘WX107', 86.0% ‘W73 1H-
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cyclopropabenzene and 98.6% ‘WX73’ 1-hexylcyclogmop respectively) compared
to those exposed to the ethylene alone.

These results suggested that 1-octene oxide, batyylate, trans
cinnamaldehyde, J-(-)-limonene, H-cyclopropab]naphthalene, H-
cyclopropabenzene or 1-hexylcyclopropeseam to be effective ethylene receptor
blockers as evidenced by a reduction in flower/labdcission of ethylene treated
stems in different genotypes of waxflower. Theicaify of these compounds as
ethylene antagonists was tested in detail on vargenotypes of waxflowers in

subsequent experiments.
4.1. Introduction

Ethylene is an ageing hormone in plants. It isrg genple hydrocarbon with
chemical structure (£14) comprised of two carbon atoms linked with onlyeon
double bond and is a colourless gas (Abeteal., 1992; Saltveit, 1999; Gibsaat
al., 2000; Blankenship, 2001; Martinez-Rometaal., 2007; Scarioet al., 2014).
Ethylene is biologically very active at very lownmentrations ranging from parts-
per-million (ppm, pL 1) to parts-per-billion (ppb, nL #) and effects on many
process plant growth, development process and geoliée of different fruits,
vegetables and ornamental crops (Abekeal., 1992; Saltveit, 1999; Blankenship,
2001; Muller and Stummann, 2003; Martinez-Rometral., 2007; Faraghest al.,
2010). Presence or absence of ethylene induceaiyus biotic and abiotic stresses
has profound positive or negative effects durirgnpgrowth and development from
seed germination to tissue senescence (BleeckeKande, 2000; Gibsomt al.,
2000; Blankenship, 2001; Bindeet al., 2007). Ethylene production modulates
various physiological processes in plant tissuetiding acceleration of abscission
of leaves and flowers (Joyce, 1988; Blankenshi®l2@ameron and Reid, 2001).
This plant growth regulator plays a basic role astparvest life of cut flowers by
reducing their visual appearance and hasteningdamgpdf leaves and flowers in
several ornamental plants (Joyce and Poole, 1988; vorn and Stead, 1997,
Celikel et al., 2002; Reid, 2002; Han and Miller., 2003). Etmdecauses 30 %
postharvest losses in different floricultural croffsaragheret al., 2010). Green
(1987) reported that generally, flowers are monesgwe when exposed to trace

amounts of ethylene than are foliage plants. Ette/lis known to cause premature
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abscission of flowers, other plant organs and acatdd senescence of cut flowers
(Halevy and Mayak 1981; Green, 1987; Woltering &ad Doorn 1988; Joyce and
Pool, 1993; Elgaret al., 1999; Gibsonet al., 2000; Cameron and Reid, 2001;
Faragheet al., 2010; Scarioét al., 2014).

Beside the ethylene exposure effect, there amous factors such as
environmental stress including light, temperatwater stress, humidity and disease
accelerate the abscission process consequentlyndeta flower drop (Beasley and
Joyce, 2002; Ascoughkt al., 2006; Sawickiet al., 2015). There are substantial
differences in sensitivity to ethylene exposure agthe cultivars and species of
plants (Serelet al., 2006). The sensitivity to ethylene correlatethwipregulation of
genes expression involved in ethylene productiahvaas accompanied by increased
levels of ethylene biosynthesis that hastened leelhreakdown (Bartokt al., 1996;
Shahri and Tahir, 2011). Ethylene causes abscisdidlowers in Australian native
flowers such as, cut waxflowe€liamel aucium uncinatum) (Joyce,1993; Macnisé
al., 2000a),Backhousia myrtifolia, Baeckea virgata, someLeptospermum, Telopea
speciosissima, Thryptomene calycina, Verticordia nitens, Verticordia cooloomia,
Verticordia grandis andVerticordia serrata and soméGrevillea species (Faraghet
al., 2010). Different species dferticordia exhibit different degrees of ethylene
sensitivity (Seaton, 2006). For instance, in theylene-sensitive flowers such as
ornamentals Gibsoret al. (2000) reported that ethylene caused a number of
damaging effects on abscission of flowers and flovieeids in, Achimene,
Calecolaria, Crossandra, Cyclamen, Exactneesia, Fuchsia, Hyacinth, Impatien
and Saliva flowers, Begoni&alanchoe blossfeldiana Poelln (Serek and Reid,
2000), Pelargonium peltatum (Cameron and Reid, 2001) ahdium (Celikel et al.,
2002). Also, ethylene can cause premature floweinggin Aconitum, Alyssum,
Campanula, Peperomia cut flowers and leaf drop Zaléa (Gibsoret al., 2000).
Exposure of Geraldton waxflower to ethylene causemy undesirable effects
during transport and postharvest handling (Joy@31®lleyet al., 1996; Beasley
and Joyce, 2002; Seaton and Poulish, 2010).

The floriculture industry seeks to supply attraetand long-lived flowers to
consumers by using effective methods involving otida of ethylene biosynthesis

and/or by preventing ethylene action in ethylenesge cut flowers (Philosoph-
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Hadaset al., 2003; Serelket al., 2006; Serelet al., 2007; Scariott al., 2014). Serek
et al. (2007) argued that the inhibition of ethylenedarction by different ethylene
antagonists in various cut flowers was not muchcessful in controlling the
response of flowers to exogenous ethylene expogsurextending shelf life.
However, application of antagonists of ethylenéoacis a more effective method for
extending the postharvest life of flowers (Scaeidl., 2014). 1-Methylcyclopropene
(1-MCP) is a very effective antagonist of ethylewéion and is used commercially in
a large range of ornamentals crops (Sisler andkS&897; Blankenship and Dole,
2003; Saleh-Lakhat al., 2004; Serelet al., 2006, 2007). Silver thiosulfate (STS)
also acts as an antagonist to the adverse efféatshglene action in a range of
flowers crops but use is limited because of theeeghy environmental effects (Veen,
1983; Serek and Reid, 1993; Mayetrsl., 1997; Serekt al., 2007; Ebrahimzadedt
al., 2008; Seaton and Poulish, 2010).

1-MCP is a very powerful tool to extend the stordife and keeping the
quality of both fresh cut flowers and potted pladoyscompeting with ethylene for the
ethylene receptor (Blankenship, 2001; Grichko, 200Bowever, there are
restrictions to using of 1-MCP it is high cost.dddition, 1-MCP is a highly unstable
gas, can be used only as a fumigant and it reqaimel®osed rooms for preventing gas
leakage as a powder in sachets in the middle efeflacartons that are activated by
moist conditions (Grichko, 2006; Sisler, 2006; Goetal., 2008; Reid and Celikel,
2008; Seaton and Poulish, 2010; Padl., 2010). In recent years, global awareness
towards the reduction of postharvest losses inschiapn farm to markets has widely
increased. Thus, developing new user and envirotaiteririendly, non-phytotoxic
active inhibitors of ethylene action to reduce hastest losses has gained interest
with several researchers. There is a need to devampounds which are more
stable than current antagonists and can be appfedumigation, spray or dip
treatments also, longer protection of plant matergainst ethylene exposu(eenget
al., 2004; Grichko, 2006; Sisler, 2006; Gogrtrl., 2008).

The various limitations of 1-MCP offer an attraetiepportunity to develop
other ethylene antagonists requiring testing oirtbfficacy in reducing the adverse
effects of ethylene action. Preliminary, reseaxciik has been reported on ethylene
antagonistic effects of H-cyclopropabenzene and 1-hexylcyclopropene on
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Kalanchoe blossfeldiana Poelln (Kebenegt al., 2003a). Jinget al. (2011) found that
cinnamaldehyde (0.1 - 0.3%) in vase solution ex¢dritie vase life of ‘Pink Queen’
rose cut flowers by 2.8 days. Additionally, Damuaolazt al. (2010) reported that S-
carvone enhanced lifetime parameters for the notepceous species. In addition,
played a role in antibacterial and antifungal astivin Acacia holosericea
(Mimosaceae),Baeckea frutescens (Myrtaceae), Chamelaucium uncinatum cv.
‘Mullering Brook’ (Myrtaceae) an@hrysanthemum sp. cv. ‘Dark Splendid Reagan’
(Asteraceae). Currently, there is no publishedr&tion on the effects dfans-
cinnamaldehyde, eugenol, (+)-carvone, 1l-octyr8(-j-limonene, 1-octene, allyl
butyl ether, butyl acrylate compounds and new ®gith compounds such as,
isoprene oxide, 1-octene oxide, allyl butyl ethe-cyclopropap]naphthalene, H-
cyclopropabenzene and 1-hexylcyclopropene (syrgbdswith different chemical
structures) as ethylene antagonists to reducessisciof flowers/buds in Geraldton
waxflowers. It was hypothesised that some of thesesl compounds will be more
effective as ethylene antagonists. Therefore,effieacy of various new potential
ethylene antagonists (thirteen) to regulate abiscissf flowers/buds in waxflowers

was tested.

4.2. Materials and Methods

4.2.1. Sources of chemicals

Isoprene oxide (I0), 1l-octene oxide, allyl butyl hat MH-
cyclopropablnaphthalene  (NC), H-cyclopropabenzene (BC) and 1-
hexylcyclopropene (1-HCP) have been synthesisedpamdded by Muftah Musa
and Dr, Alan Payne, Department of Chemistry, Q@uttiniversity and others
chemicals were purchased from different companieh as, Alfa Aesar, Lancashire,
United Kingdom. Acros Organics, New Jersey, US.gn&i-Aldrich, Castle Hill,
NSW, Australia and Merck, Victoria, Australia agalked in Chapter 3, Table. 3.2.
Chemical name and structure of various chemicatedeare listed in Table. 4.1
below. The pressurised cylinder of pure ethyler@4pgas was procured from BOC

Gases, Australia Ltd., Perth, Australia.
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Table. 4.1. Chemical name and structure of poteatigagonists of ethylene action.

No | Chemical name Chemical structure

1 1-Octyne NN

2 Isoprene oxide /\'&

3 Trans-Cinnamaldehyde @M”O

4 (+)-Carvone Ot

5 Eugenol Haco =

HO

6 1-Octane oxide A

7 (9-(-)-Limonene —

8 Butyl acrylate PPN

9 Allyl butyl ether NN N

10 1H- 4
cyclopropab]naphthalene OO

11 1-Octene S GPNGENNY

12 1H-cyclopropabenzene @

13 1-Hexylcyclopropene A A

4.2.2. Plant material

Thirteen independent experiments were conducteavistigate the efficacy
of 13 different chemicals listed in Table. 4.1 asnigants to protect against the
adverse effects of ethylene and reducing abscissfoftowers/buds in different
genotypes of Australian native waxflowers. The expents were carried out on ten
different genotypes of Australian ‘Geraldton waxyer varying in flower colour,
size, flowering time and sensitivity to ethyleneclswas ‘Southern Stars’, ‘Muchae
Mauve’, ‘White Spring’, ‘WXFU’, ‘WX116’, ‘WX110’, ‘WX17’, ‘WX107’,
‘WX73" and ‘Jenny’ (Seaton and Poulish, 2010) dgritowering season 2014. All
the genotypes of waxflowers were sourced from tlaatpnursery Department of
Agriculture and Food Western Australia (DAFWA) FglA.
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4.2.3. Harvesting flowering stems

Depending upon the time of each experiment, thiy @awvering sprigs (with
leaves plus flower buds and open flowers) of varigenotypes were picked and
used in different experiments. The stems were 60r7%0ng with 62% to 99% open
flowers and were harvested in the early morningnastioned in Table. 4. 2 from
fully grown shrubs at DAFWA, South Perth, Westeras&alia. The sprigs were
placed upright with their cut ends immersed in laiskof tap water, before
commencing the application of different treatmefitse sprigs were trimmed to 30
cm length by re-cutting the stem ends underwatevtmd air embolism. Also, the

leaves from the lower portion of each floweringns$evere removed.

Table. 4.2. Percentage (%) of flowers open on tems of different genotypes of

waxflowers when treated with different chemicals.

No | Chemical name Genotype Flowers open on
the stems(%)

1 1-Octyne ‘White Spring’ 92.£+8.4%
2 Isoprene oxide (IC ‘WX17’ 80.5 +12.7%
3 trans-Cinnamaldehyd(CA) ‘WXFU’ 90.€+ 7.1%
4 (+)-Carvont ‘WX116’ 72.7 £14.1%
5 Eugena ‘Muchat¢ Mauve 62.2+ 6.6%
6 1-Octene oxid ‘Southern Star: 79.2+£16.%%
7 (9)-(-)-limonene ‘WX73’ 81.7+11.2%
8 Butyl acrylate ‘Southern Stes’ 89.2+ 10.1%
9 | Allyl butyl ethel ‘WX110’ 99.1+1.2%
1C | 1H-Cyclopropab]naphthalen(NC) ‘WX107’ 99.6+04 %
11 | 1-Octent ‘Jenny’ 89.¢+ 8.4%
12 | 1H-Cyclopropabenzen(BC) ‘WX17’ 65.2+ 19.5%
13 | 1-Hexylcyclopropene (-HCP' ‘WX73 78.1+15.1%

(x) = Standard error of the mean (SE)

4.2.4. Experiments

4.2.4.1. Experiment 1: Effect of 1-octyne fumigati®o on abscission of

flowers/buds in ‘White Spring’ waxflower.

In the first experiment, ‘White Spring’ flower stenmwithout any treatment

served as a control in distilled water and placecai60 L plastic drum. ‘White
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Spring’ stems were fumigated with 1-octyne (1 puNna for 18 h and exposed to
air and flower stems were treated with 1-octyneu{ll) for 18 h followed by
exposure to ethylene (10 plY).24 h prior to their exposure to air. The stenesen
exposed to ethylene (10 pLYLalone for 24 h prior to exposure to the air. The
flower stems were kept in individual 250 ml smalarnslucent plastic vases
containing distilled water in all the treatmentéeTdifferent treatments were applied
in 60 L plastic drums Fig. 4.1C. The chemicals wdrssolved in ethanol and
pipetted on filter paper in a petri dish which waaced inside the plastic drum. A
small fan was kept inside the container to distebthe vapour of the chemical
around the flowers and stems Fig. 4.1D. All thatiments were applied at 20 + 1°C
and 65 + 5% RH. In addition, 30 g of soda lime \Wapt in each plastic drum with
the sprigs to absorb any excessive accumulatiolC@f possibly produced by
respiration from the flower stems during the apglmn of treatments Fig. 4.1E. The
detailed procedure of treatment application has lwscribed earlier in Chapter 3.
All the treatments were replicated three times tmele stems were included in each
replication Fig. 4.1F. Following 24 h ethylene exposure, tleses containing
flowering stems from all treatments were taken foatm the chamber and softly
beaten three times in a counting platter to colixdcised flowers/buds Fig. 4.1G
and H. Flowers/buds abscission was recorded falig4 h ethylene exposuirgy.
4.11. Percentage flower/bud abscission was caledlat each treatment. Reduction
in flowers/buds abscission over ethylene alonetdreastems on day four were
calculated and expressed as a percentage and stem@s were included in each

replication.

4.2.4.2. Experiment 2: Effect of isoprene oxide fuigation on abscission of
flowers/buds in ‘WX17" waxflower.

The flower stems of ‘WX17’ with open flowers 80.512.7 were fumigated
with isoprene oxide (1 uM) alone for 18 h, followby exposure to 10 pLtof
ethylene alone for 24 h, stems were also fumigatéd 1 UM isoprene oxide alone.
Untreated ‘WX17’ sprigs kept as control. All thetdils of treatment application and
observations recorded on flowers/buds abscissioa haen explained previously in

Experiment 1 above.
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4.2.4.3. Experiment 3: Effect otrans-cinnamaldehyde fumigation on abscission
of flowers/buds in ‘WXFU’ waxflower.

The same four treatments were also applied in éxperiment to the
flowering bunches of ‘WXFU’ 90.6 £ 7.13% with opdiowers including control
treatment, trans-cinnamaldehyde fumigation (1 pM) alone for 18 thans
cinnamaldehyde fumigated for 18 h followed by e#imd exposure and ‘WXFU’
stems treated with ethylene alone for 24 h. Tineesaxperimental methodology was
followed for application of treatments and the olagons recorded as explained

previously in Experiment 1.

4.2.4.4. Experiment 4: Effect of (+)-carvone fumig@gon on abscission of
flowers/buds in ‘WX116’ waxflower.

The flower stems of ‘WX116’ used in this experimerhibited open flowers
on the stems 72.7 £ 14.1%. Flower sprigs were fated) with exogenous ethylene
(10 pL 1) alone for 24h, stems fumigated with (+)-carvohe(M) alone for 18 h,
and (+)-carvone (1 uM) for 18 h followed by expastw 10 pL [ of ethylene for
24 h. Untreated stems were treated as a contrbthdlexperimental treatments and
observations on flowers/buds abscission recorde winilar to those previously
detailed in Experiment 1.

4.2.45. Experiment 5: Effect of eugenol fumigationon abscission of

flowers/buds in ‘Muchae Mauve’ waxflower.

The highly sensitive flowering stems of ‘Muchae Mauwaxflower with
62.2 + 6.3% open flowers were treated with 10 plLdf exogenous ethylene for 24
h, bunches were fumigated for 18 h with 1 uM eugdalbowed by exposure to
ethylene (10 pL &) for 24 h, cut flowers stems treated with 1 pM e alone and
flowering stems without any treatments were kepaa®ontrol. All the treatments,
their application and observations on flowers/batscission were similar to those

explained previously in Experiment 1.
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4.2.4.6. Experiment 6: Effect of 1-octene oxide fuigation on abscission of

flowers/buds in ‘Southern ‘Stars’ waxflower.

Stems of ‘Southern Stars’ waxflowers showing opewdrs 79.3 + 16.4%
were used in this experiment. This genotype has demsitivity to ethylene. Four
treatments including stems underwent exposurehylezte (10 pL ) alone for 24
h, fumigation with 1 uM 1-octene oxide for 18 hymgation for 18 h with same
concentration of 1-octene oxide followed by expesto 10 pL [ of ethylene.
Untreated sprigs were kept as a control. This wed$ conducted following the same
treatments as mentioned in Experiments 1. All theeovations of flowers/buds

abscission were recorded as explained in Experithent

4.2.4.7. Experiment 7: Effect of $)-(-)-limonene fumigation on abscission of

flowers/buds in ‘WX73’ waxflower.

The flower stems with 89.3 + 10.1% open flowerstloa stems of ‘WX73’
waxflower were harvested and exposed to differezdtinents such as, fumigation
with ethylene (10 pL &) alone for 24 h,9-(-)-limonene (1 uM) fumigation alone
for 18 h and §-(-)-limonene (1 uM) fumigation for 18 h followdaly exposure to
ethylene (10 pL ) for 24 h. Untreated ‘WX73'flower sprigs were tted as a
control. All the treatments applied and method etording observations on

flowers/buds abscission is previously explaineBxperiment 1.

4.2.4.8. Experiment 8: Effect of butyl acrylate fuigation on abscission of

flowers/buds in ‘Southern Stars’ waxflower.

In this experiment ‘Southern Stars’ flower stemdhw89.3 = 10.1% open
flowers were harvested. Stems without any treatmented as a control. In other
treatments, the stems were exposed for 24 h tolesidy(10 pL [Y) alone,
fumigation with butyl acrylate (1 uM) alone for I¥Band butyl acrylate (1 uM)
fumigation for 18 h followed by exposure to ethyefl0 pL LY) for 24 h in the
plastic chamber. All the treatments and observation flowers/buds abscission
recorded in this experiment were similar to thosevipusly mentioned in

Experiment 1.
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4.2.4.9. Experiment 9: Effect of allyl butyl etherfumigation on abscission of
flowers/buds in ‘WX110" waxflower.

Four different treatments were applied in plastimngs with ‘WX110’
waxflower stems showing 99.1 + 1.3% open flowerglm stems and were treated
for 24 h with ethylene (10 uL1) alone, allyl butyl ether (1 uM) fumigation for 18
followed by exposure to 10 uLLof ethylene for 24 h, stems fumigated with allyl
butyl ether (1 uM) for 18 h. Untreated stalks wdiept as a control. All the
experimental treatments and observations on flolmads abscission recorded in the
experiment were similar to those previously statelxperiment 1.

4.2.4.10. Experiment 10: Effect of 1H-cyclopropa[lmaphthalene fumigation on
abscission of flowers/buds in ‘WX107’ waxflower.

Flower sprigs of ‘WX107" waxflower showing 99.8 +36% open flowers
constituted the experimental plant material. Uated flower stems were kept as a
control. The stems were treated with ethylene afon24 h, bunches fumigated with
1 uM IH-cyclopropab]naphthalene for 18 h and in the last treatmemetstems were
fumigated with  H-cyclopropab]naphthalene for 18 h and then followed by
exposure to ethylene (10 pL') for 24 h during this experiment. All the
observations on flowers/buds abscission were recbnth a similar method as

explained in Experiment 1.

4.2.4.11. Experiment 11: Effect of 1-octene fumig@n on abscission of

flowers/buds in ‘Jenny’ waxflower.

‘Jenny’ waxflowers are highly sensitive to ethydehe flower stems were
treated with four different treatments including@ntrol, fumigation with 1-octene
(1 uM) for 18 h in a plastic drum, stems exposedxogenous ethylene alone for 24
h and bunches were fumigated for 18 h with l-octlatlewed by exposure to
ethylene similar to the procedure explained in Expent 1. The observations on

flowers/buds abscission were recorded as detail&xperiment 1.
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4.2.4.12. Experiment 12: Effect of H-cyclopropabenzene fumigation on

abscission of flowers/buds in ‘WX17' waxflower.

The stems of ‘WX17' waxflower were fumigated with M 1H-
cyclopropabenzene for 18 h, 10 pt éthylene alone for 24 h and ‘WX17’ bunches
fumigated with H-cyclopropabenzene for 18 h followed by exposurethylene 24
h. All untreated stems were kept as a control.tAd treatments were applied and
observations on flowers/buds abscission were recbe$ mentioned in Experiment
1.

4.2.4.13. Experiment 13: Effect of 1-hexylcyclopragne fumigation on abscission

of flowers/buds in ‘WX73" waxflower.

‘WX73" waxflower was used as experimental plant enal in this
experiment. Four treatments were applied in 60dstd drum including, fumigation
with 1-hexylcyclopropene for 18 h alone, 1-hexyloypropene fumigation followed
by 10 puL Lt exposure to exogenous ethylene for 24 h. ‘WX78mst were also
treated for 24 h with 10 pLtexogenous ethylene alone for 24 h. The untreated
flowering stems were kept as a control. All the exxpental observations on

flowers/buds abscission were recorded as mentionEgperiment 1.
4.2.5. Experimental design and statistical analysisf aata

The experimental data of various 13 trials werearaged in completely
randomised design (CRD) composed of two factork Witee replicates. Analysis of
variance (ANOVA) by employing GenStat Y14dition (Lawes Agricultural Trust,
Rothamsted Experimental Station, UK). The effect different anti-ethylene
fumigation treatments on abscission of flowers/budsvarious genotypes of
waxflower, time and their interactions were evatdatvithin (ANOVA) by using
least significant differences (LSD) & € 0.05).
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Figure. 4.1. Flower harvesting and method of apgilbimn of the different

chemicals and ethylene exposure. (A) Waxflower Iséirin field. (B) Flowers

picked up andglaced in bucket of tap water. (C) 60 L plasticrdrto apply the

chemicals for 18 h. (D) Small plastic fan used wgrchemical treatment. (E)
Chemical treatment. (F) Individual flower stems\viases containing distilled
water to place in the ethylene chamber. (G) flos®mms placed in ethylene
chamber. (H) Floral organs drop (flowers, buds EaVes) collected in a mesh
cone. (I)The number of abscised and remaining flowers/buele wounted in a

counting platter.
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Figure. 4.2. The mesh cones were designed to ratgjrfloral organs drop during and

after24 hof exposure to ethylene treatment (Seaton, 2006).

4.3. Results

4.3.1. Effect of different chemicals on mean flowsrbuds abscission in different

genotypes of ‘Geraldton wax’ in a flowering seasoof 2014.

Effects of 13 different potential ethylene antagtsion percentage reduction
in flowers/buds abscission over ethylene treateuinstin different genotypes of
waxflowers were investigated in 13 different indegent experiments during 2014
Table.4.3. The flower stems of ‘White Spring’, ‘WX1 ‘WX116’, ‘Muchae
Mauve’, ‘WX110' and ‘Jenny’ fumigated with 1 uM Ilctyne, Isoprene, (+)-
carvone, eugenol, allyl butyl ether or 1-octenepeesively for 18 h followed by
exposure to ethylene (10 pLY)for 24 h did not show any reduction in flowersibu
abscission over ethylene treated stems Table.4eankthile, fumigation ofrans-
cinnamaldehyde, S-(-)-limonene, H-cyclopropab]naphthalene (NC), H-
cyclopropabenzene, 1l-octene oxide, butyl acrylatel-exylcyclopropene were
effective in reducing flowers/buds abscission og#rylene treated stems (47.2%,
6.4%, 81.1%, 86.0%, 46.4%, 56.8% and 98.6% in "WXFWXFU’, ‘WX107’,
‘WX73’, ‘Southern Stars’, ‘Southern Stars’ and ‘WX7waxflowers respectively
Table. 4.3.
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Table. 4.3. Percentage reduction in flowers/budsciabion over ethylene treated
stems in different genotypes of waxflower fumigatsidh different chemicals (1

uM) after day one following ethylene treatment 012.

Chemical name Genotype tested Reduction in flowads
abscission over ethylenge
treated stems (9
1 1-Octyne ‘White Spring’ Nil
2 Isoprene oxide ‘WX17’ Nil
3 Trans-cinnamaldehyde ‘WXFU’ 47.2
4 (+)-Carvone ‘WX116’ Nil
5 Eugenol ‘Muchae Mauve nil
6 1-Octene oxide ‘Southern Stars’ 46.4
7 S-(-)-limonene ‘WXFU’ 66.4
8 Butyl acrylate ‘Southern Starg’ 56.8
9 Allyl butyl ether ‘WX110’ Nil
10 | H-cyclopropab]naphthalene ‘WX107’ 81.1
11 | 1-Octene ‘Jenny’ Nil
12 | H-cyclopropabenzene ‘WX73' 86.0%
13 | 1-Hexylcyclopropene ‘WX73’ 98.6%

4.4 .Discussion

Ethylene during production, transport or handlingd anarketing causes
premature floral senescence. Petal and flower sdéisa consequently shortens the
storage/vase life of several ornamental crops @0%888, 1993; Sko¢g al., 2001,
Sereket al., 2007; Scariott al., 2014). Various responses to ethylene exposure in
many ornamental crops have been reported such #sawd bud drop in
Phalaenopsis spp. (Sunet al., 2009), abscission of flowers and buds in

Chamelaucium uncinatum (Macnish et al., 2000b) and in potted plants such as
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Pelargonium peltatum (Cameron and Reid, 2001). Controlling ethylenesymhesis
in the sensitive flowers is not an efficient methodorevent the postharvest losses
whilst, antagonists of ethylene action are moreati¥e (Goreret al., 2008).1-MCP

is used commercially to prevent these posthanasstels in a range of flower crops
(Reid et al., 2001; Sisler and Serek, 2003). 1-MCP has sewraitcomings that
limit its use. The response of 1-MCP to horticidttsommodities is dependent upon
genotype, concentration applied of 1-MCP, expostweation and temperature
during treatment and variety, maturity stage of pheduce and is very expensive
(Sisler and Serek, 1997; Blankenship, 2001). Adddlly, 1-MCP treatment protects
the flowers from adverse effects of ethylene omlly d& short time (Macnishkt al.,
2000b; Seaton and Poulish, 2010).

Thirteen different chemicals with diverse structarel functional groups (one
or more double bond (s) within the ring and somtside the ring, presence of an
oxygen atom in their structure near the double b@otne have aldehyde or keto
group containing carbonyl group (a carbon-oxygeubi® bond), or hydroxyl group,
methyl group as electron, donating and/ or presefice cyclopropene ring) were
tested to assess their effectiveness as ethyletagamsts. Four common natural
terpenes moleculdsans-cinnamaldehyde, (+)-carvone, eugenol éd({)-limonene
are active ethylene antagonists containing fivetelo carbon atoms which may
interact with ethylene receptors (Grich&bal., 2003). Three compounds from the
cyclopropene group including,  Htcyclopropap]naphthalene, H-
cyclopropabenzene and 1-hexylcyclopropene and satier cyclopropene
compounds containing the 1-alkene part in theucstire (isoprene oxide, 1-octane
oxide, 1-octyne, butyl acrylate and allyl butyl etlwere also tested for their ability
to inhibit of ethylene action and provide protenti@gainst ethylene-induced

flowers/buds abscission.

Fumigation with 1-octyne, isoprene oxide, (+)ware, eugenol, allyl butyl
ether or 1-octene followed by ethylene exposuriotwers stems of ‘White Spring’,
‘WX17’, '‘WX116’, ‘Muchae Mauve’, ‘WX110' and ‘Jennydid not show any
reduction in flowers/buds abscission over ethylgloae treated stems Table. 4.3. All
these compounds did not protect different genotygfewaxflowers tested against
ethylene action a possible reason for no activityhese compounds could be the
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potency of these compounds tested was not suffiteeblock the ethylene receptor
irreversibly. Both, 1l-octyne and 1-octene compouldse the same 1-alkene
component in their structure and possibly the bohdhese compounds to the
ethylene receptor is not sufficient thus, these maunds were not effective in
reducing the abscission of flowers/buds referrmghie difference in double bond in
their structure. Previously, Sisler (2008) testedlkenes using pea growth and
banana fruit ripening and claimed 1-octene to bative competitive inhibitor of
ethylene action in peas but was inactive as etleydtion compounds. Sisler (2008)
also reported that competitive inhibitors of etimdeaction reach to the receptor and
binding site was not restricted. It was also latired to the insufficient hydrophobic
interactions with the ethylene receptor or compauasisociated with the receptor.
Carvone is a naturally occurring monoterpene inaway Carum carvi)
(Damunupoleet al., 2010) and in dill Anethum graveoleus) seeds (De Carvalhet
al., 2006) and exhibits antibacterial and antifungativity (Oosterhaveret al.,
19954, b). As reported earlier, by Grichdtaal. (2003) carvone and eugenol contain
the double bond inside the aromatic ring which daubke the ring inactive and fail
to bind to the receptor. Isoprene oxide was nogféective to block ethylene action
in waxflowers. Similarly, Grichkcet al. (2003) also reported earlier that isoprene
was not an effective inhibitor of ethylene actiohem tested on the regulation of
green banana fruit ripening. However, isoprene ®@xiontains oxygen atoms that can
increase the ring strain. All these compounds dedtenot inhibit the ethylene action
as reflected by no reduction in the abscissionafdrs/buds in different genotypes

of waxflower.

Fumigation of 1-octene oxide, butyl acrylateans-cinnamaldehyde,gj-(-)-
limonene, H-cyclopropab]naphthalene,  H-cyclopropabenzene or 1-
hexylcyclopropene has significantly reduced flowlangs abscission compared to
the ethylene treated flower stems in different ggpes of waxflowers Table. 4.3 and
demonstrates that these compounds act as inhilmfoeshylene action. It may be
attributed to the presence of oxygen atoms adjat®rthe double bond as the
functional group in its structure that made trens-cinnamaldehydenore effective
in interacting with ethylene for the receptor (&oet al., 2003). Earlier, Sisleat al.
(2001) also reported that any compound with a dobioind at position one will be
more active to block the receptor for a longer tiniel-cyclopropab]naphthalene or
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1H-cyclopropabenzene and 1-hexylcyclopropene intathlene action for certain
periods because of a highly strained cyclopropémg as a functional group which
will be highly effective for inhibition of ethylenaction as reported earlier (Sisktr
al., 1996a, b, Sislest al., 2001; Sisler, 2008). Moreover, the methyl gradacent

to the double bond in the chemical structure ofdeopropene group also render
them potent inhibitors for blocking ethylene acti(®aleh-Lakhaet al., 2004). 1-
hexylcyclopropene has a six-carbon chain substitirtehe 1-position with a longer
side chain contributing to the effectiveness o$ ttompound as ethylene antagonist
(Kebeneiet al., 2003a; Serekt al., 2007).

In conclusion, 1-octene oxide, butyl acrylai@ns-cinnamaldehyde,J-(-)-
limonene, H-cyclopropab]naphthalene,  H-cyclopropabenzene or  1-
hexylcyclopropene were effective inhibitors of aatiof ethylene and consequently
reduced flowers/buds abscission in different ggmedyof waxflowers. The efficacy
of these compounds as ethylene action antagorastbéden investigated in detail and

presented in subsequent different chapters.
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CHAPTER 5

Trans-cinnamaldehyde fumigation protects different genotpes of waxflowers

from detrimental effect of ethylene on abscissionfdlowers/buds.
Abstract

Waxflower Chamelaucium uncinatur8chauer) is one of the most widely
and commercially important flower crops availalieAustralia. Short postharvest
life, excessive abscission of flowers/buds and lesdfowing of waxflower, when
exposed to trace amounts of ethylene during pogtkgrcan cause serious economic
losses. Effects of fumigation tfans-cinnamaldehyde (1 pM) and ethylene (10 pLL
1y alone, trans-cinnamaldehyde (1 pM) followed by exposure to 10 |t of
ethylene on flowers/buds abscission in ‘WX73’, ‘WX ‘WX17’, ‘WX58’, and
‘WX56’ were investigated. Also, the effect of difent concentrations 0.5, 1.0 and
2.0 uM of trans-cinnamaldehyde and ethylene (10ut})Lalone and for different
concentrations afans-cinnamaldehyde followed by exposure to exogentiwdene
on flowers/buds abscission was examined in ‘Purpiele’, ‘Revelation’ and
‘Hybrid1’. Flower stems were fumigated witfans-cinnamaldehyde (1 uM) in 60 L
plastic drums sealed for 18 h followed by 24 h expe to ethylene (10 puL1) at 20
+ 1°C and 65 + 5% RH, in specially designed dosai@mbers. In all the
experiments, untreated flower stems were held esn#&rol with stems standing in
vases of distilled water (DW). Fumigation of flowey stems with trans-
cinnamaldehyde (1 pM) followed by a single expostoeethylene (10 pL £)
significantly (P < 0.05) reduced abscission of flowers/buds (13.7%58&/, 14.1%
‘WX73', 25.2% ‘WX56’ and 36.7% ‘WXFU’) when compadeto ethylene alone
(68.8% ‘WX58’, 89.9% ‘WX73’, 85.9% ‘WX56" and 66.2%WXFU’). The
reduction in flowers/buds abscission was not natedWX17' genotype when
treated withtranscinnamaldehyde (1 uM) followed by exposure to ethgl (10
uLL™Y). Amongst the three concentrations tainscinnamaldehyde tested (1 puM)
fumigation for 18 h followed by exposure to ethyefiO uL L) for 24 h was the
most effective concentration in reducing flowersfdouabscission. These results
suggest that whetnans-cinnamaldehyde (1 uM) was applied to waxflower stéon
18 h followed by exposure to 10 pllof ethylene for 24 lrans-cinnamaldehyde

was effective in controlling ethylene-induced flog#buds abscission by inhibiting
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ethylene action. In conclusiotrans-cinnamaldehyde (1 uM) seemed to have some
effective as an anti-ethylene inhibitor in the afsion process of waxflowers in all
hybrid genotypes tested exceptu@cinatumWX17’ genotype.

5.1. Introduction

Abscission is a natural physiological process iavg detachment of plant
organs such as petals, sepals, leaves, entirerBpwdlorescences and fruit (Taylor
and Whitelaw, 2001; Ascougkt al, 2005; Ascougtet al, 2006). Abscission is an
integral characteristic developmental event thatuocx in a particular part of the
organ known as the abscission zone (Reid, 1985nidiaet al, 2005; Ascouglet
al., 2006). During the postharvest period, variougirenmental stresses including
high temperature, low irradiance, water stressesidity, physical injury, diseases
and poor nutrition, enhance ethylene biosynthelsed ticcelerate the abscission
process consequently inducing the separation ddlflargans (Joyce, 1992; Beasley
and Joyce, 2002; Ascougt al, 2005; Da Silva, 2006).

Abscission of flowers, buds, leaves and prematlomalf senescence causes
significant losses in floricultural crops (Joyc&9B; Taylor and Whitelaw, 2001;
Beasley and Joyce, 2002; Ascougihal, 2005; Ascougtet al, 2006). Ethylene is
known to mediate floral senescence and petal areitdoy prompting changes prior
to the abscission process that affects posthateesfevity of many species of
economically important flowers (Burg, 1968; van Dbwooand Stead, 1997;
Blankenship, 2001; Cameron and Reid, 2001; Tayldt ®hitelaw, 2001; van
Doorn, 2001; Macnisket al, 2005; Scariotet al, 2014). Endogenous ethylene
produced in vegetative and reproductive tissues @lant as well as exogenous
ethylene can act at very low concentrations rangimmg part-per-million to part-per-
billion (Saltveit, 1999; Gibsoet al, 2000; Martinez-Romeret al, 2007; Gollnow
and Worrall, 2010). Ethylene causes abscissidiod organs of a wide number of
ornamental plants includingHibiscus, Begonia, Clerodendron, Fuchsiand
Agapanthus,and can hasten petals senescencédanitum, Delphinium, Rosa,
Potentilla, Geranium, Antirrhinum, Veronid@Voltering, 1987; Serekt al, 2006),
Chamelauciun{Joyce, 1992),Leptospermunand Thryptomene calycing~aragher
et al, 2010) and/erticordia(Seaton, 2006).
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Waxflower (Chamelauciunsp. and hybrids, Myrtaceae) commonly known as
‘Geraldton wax’ is one of the most desirable cuiwirs in Australia and is
economically important in the world because of evidnge of colours, sizes and
shapes of flowers making waxflower attractive fepert (Beasley and Joyce, 2002;
Terryet al, 2003; Gollnow and Worrall, 2010; Seaton and Rbu2010). Export of
Australian flowers is worth an estimated A$14 roitliand 95 percent are native
species (Seaton and Poulish, 2010). Postharvesssamce, short postharvest life,
abscission of waxflowers and flower buds (up to 3%% well as leaf yellowing
when exposed to trace amounts of ethylene in tls¢thpovest phase, are the main
limitations in expanding export of waxflowers dweeconomic losses (Joyce, 1993;
Faragheet al, 2010; Gollnow and Worrall, 2010; Seaton and RoyR2010).

In plant tissues, the ethylene molecule binds teciigc receptors and
activates downstream gene transcription and traosléBleecker and Kende, 2000).
Ethylene causes abscission of plant organs anad@sda series of changes leading to
an upsurge in respiration rates in plant tissueltiag in the synthesis of more RNA
and protein which in turn increases the rough eladopic reticulum in cells and the
guantities of polyribosomes. Following this, thesigtées of these organs synthesise
more proteins that move out to the plasmalemmaeadete their contents finally
into the cell wall which becomes swollen and thecasion process occurs (Reid,
1985). Thus, separation in the abscission layeknewn to occur due to the
breakdown of the main cell wall and active midddenélla solubilisation, thereby
weakening most of the cell wall in waxflower (Masinet al, 2005).

Various strategies have also been applied to atr@ddetrimental effect of
ethylene gas on cut flowers including removal & #thylene from the atmosphere
or from packaging by absorbing ethylene in potasspermanganate (KMrfp
(Terry et al, 2007) and oxidizing agents such as ozone (Ditletoal, 1992),
copper, cobalt, palladium and titanium (Maneetfal, 2003). Some success has
been reported for breeding new cultivars in Ausrainative waxflowers such as
ethylene resistant varietie€lfamelauciumX Verticordia plumosaDesf.) hybrids
Druce), varieties with improved resistance to pesid diseases, providing different
new colours and an extended flowering season (2@0]; Seatowet al, 2007; Shan
and Seaton, 2008; Seaton and Poulish, 2010).
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In addition, several other strategies have beeede® curtail the harmful
effects of ethylene on abscission of flowers andémescence in ornamental plants
and flowers such as inhibiting ethylene biosynthassing amino oxyacetic acid
(AOA), aminoethoxy vinyl glycine (AVG) and methoxyinyl glycine (MVG)
(Fujino et al, 1980; Serek and Andersen. 1993; Serek and R&8;1Stabyet al,
1993; Rattanwisalanonat al, 2003; Ascoughet al 2006; Ebrahimzadebt al,
2008; Tanaseet al, 2009) and aminotriazole (ATA) (Serranet al, 1990;
Ebrahimzadehet al, 2008). Earlier, down-regulation of ethylene piuhesis
through antisense ACO gene in carnation (Satial, 1995) , antisense ACS and
ACO genes in Petunia, Iris, Alstroemeria, Carmgti®andersoniand Dendrobium
orchid has also been reported (Rogers, 2013; Scatial, 2014; Sornchagt al.,
2015).

Ethylene action inhibitors such as 2,5-norbornagigtBD) (Sisler and Pian,
1973; Sisleret al, 1983; Sisleet al, 1985; Wang and Woodson, 1989; Sisler and
Serek, 2003; Serelet al, 2006; Sisler, 2006), diazocyclopentadiene (DACP)
(Blankenship and Sisler, 1992; Siskral, 1993; Serelet al, 1994a; Sisler and
Serek, 2003; Seredt al, 2006; Sisler, 2006), silver thiosulfate (STSeéw, 1979;
Joyce, 1993; Ichimuret al, 2002; Serelkt al, 2006; Asrar, 2012), nitric oxide (NO)
(Ebrahimzadetet al, 2008), 1-methylcyclopropene (1-MCP) (Semtkal, 1995a,
2006; Macnistet al, 2000a; Cameron and Reid, 2001; Zencirkiran, 20&0e also
been tested to reduce the adverse effects of egetion in various flowers.

Application of 1-MCP at low concentration was meffective to prevent the
biological action of ethylene by inactivating ththyene receptors (Sislest al.,
1996a; Sisler and Serek, 1997). Therefore, flomense protected for long period of
time from the damaging effect of exogenous ethylemeereby delaying flower
senescence and maintaining vase life quality (Siatel Serek 1997; Sisler and
Serek, 1999; Sisleet al, 2003; Buanonget al, 2005; Lurie, 2005; Segliet al,
2010). Macnislet al. (2000b) reported that the application of 1-MCP (AL L Y
over 12 h led to a delay of senescence in 14 diftenative Australian cut flowers,
however, it did not provide significant protectiagainst exogenously applied
ethylene. Further studies by Macnish al. (2004b) suggested that the 1-MCP

application to CWA Pink waxflowers prior to exp@md continual exposure of 1-
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MCP during export was effective in reducing flovedascission induced by exposure
to ethylene. Hunteet al (2004a) reported that when tNarcissus pseudonarcissus
flowers fumigated with 500 nL & of 1-MCP for 6 h at 20 °C resulted in only a
modest extension in prolonged existence of attadlosers held in the air and no
effects on the life span of the flowers held in @vain addition, Kimet al. (2007)
indicated that Regal Pelargonium cultivars treatéti 1 pL L of 1-MCP prevents
petal abscission of florets but, no effect on pngiag shelf life in any of the
cultivars tested. 1-MCP has become a valuableftwahe horticulture industry, but
it is a volatile gas at room temperature and igable often difficult tohandle(Sisler
and Serek, 1997; Blankenship, 2001; Reid and Sea@i; Sisler and Serek, 2003;
Grichko, 2006; Ebrahimzadedt al, 2008; Pauét al, 2010). A major obstacle is that
expensive for growers (Khan, 2014), not easy tdyapecause it is a gas (Reid and
Seaton, 2001), there are practical difficultiesreatment, as the inhibitor is gaseous
in nature, therefore, requiring appropriate treatimgystems in trucks (Reid and
Celikl, 2008; Macnishet al, 2010). Moreover, the response of 1-MCP to
horticultural commodities is dependent upon genetyponcentration, exposure
duration, the temperature during treatment andag®or(Sisler and Serek, 1997,
Blankenship, 2001).

Transcinnamaldehyde and cinnamyl alcohol and other @amgs derived
from the phenylpropanoid pathway have been reportethe effective ethylene
antagonists in green bananas as a test materisibpodue to the effect of oxygen
atoms present being close to the double bond istitsture (Grichkeet al, 2003).
Jing et al (2011) found that application of cinnamaldehy@¢€l (- 0.3%) in vase
solution resulted in mitigation of oxidative straas'Pink Queen’ rose cut flowers
thus, prolong the flowers vase life to 2.8 dayswweer, no research work has been
reported on the effect otranscinnamaldehyde on regulating abscission of
flowers/buds in ‘Geraldton wax’. It was hypothesisbkattrans-cinnamaldehyde will
act as an antagonist to inhibit ethylene action anlll reduce abscission of
flowers/buds in waxflowers. Therefore, the effeofstranscinnamaldehyde as an
ethylene antagonist on flowers/buds abscissioriffardnt genotypes of waxflowers
were investigated during 2014 -2015. The effedtsdlifierent concentrations on
flowers/buds abscission were also examined on tidifferent genotypes of

waxflower including ‘Purple Pride’, ‘Revelation’ drHybrid1’ during 2015.
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5.2. Materials and Methods
5.2.1. Sources of chemicals

Transcinnamaldehyde Fig. 5.6 was purchased from A€nagnics™, New
Jersey, USA. The pressurised cylinder of pure etig/(98%) gas was procured from
BOC Gases, Australia Ltd., Perth, Australia.

5.2.2. Plant material

To investigate the efficacy dfanscinnamaldehyde as ethylene antagonist,
eight different experiments were conducted usingaage of fresh waxflower
genotypes differing in sensitivity to ethylene. eTkbxperiments were conducted
during June to October in 2014 and 208prigs of C. uncinatumcv. (‘WX73’,
‘WXFU'’ and ‘WX17’) during 2014 and (‘WX58’, ‘WX56’,'Hybrid1’, ‘Revelation’
and ‘Purple Pride’) during 2015 were harvested witlheast 50% flowers open from
five-year old bushes which were grown under iriyatand fertigation (Seaton and
Poulish, 2010) at the Department of Agriculture ahRdod Western Australia
(DAFWA).

5.2.3. Harvesting flowering stems

The flowering sprigs (60 to 70 cm) of the genotypese harvested in the
early morning and placed with their cut ends in dmomtainers containing clean
water. Stems used in each treatment were randoehdgted from harvested stems
and placed in bunches. Prior to applying differeaatments, the stems were recut
with secateurs in water to 30 cm length from cuidseto the extremities of the open

flowers.
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Table. 5.1. The percentage of open flowers on st@nthe time of harvest.

Year Genotype Flowers open on stems (%)

2014 ‘WX73’ 74.8+13.6%
2014 'WXFU’ 90.6+7.1%

2014 ‘WX17’ 69.3+13.4%
2015 ‘Purple Pride’ 62.2+9.9%
2015 ‘WX56’ 66.3+11.5%
2015 'WX58’ 79.3+8.4%

2015 ‘Hybird1’ 98.7+1.6%

2015 ‘Revelation’ 84.8+16.7%
2015 ‘Purple Pride’ 64.9+7.8%

+ = Standard error of the mean (SE)

5.2.4. Treatments and methods

Untreated flower stems were kept as contfdbwer stems were fumigated with
ethylene (10uL 1) alone for 24 htrans-cinnamaldehyde (1uM) alone for 18 h, and
trans-cinnamaldehyde (1uM) for 18 h followed by expostoeethylene (10uL 1)

for 24h. The waxflower stems were fumigated wrins-cinnamaldehyde (1uM) by
using 60L plastic drumgranscinnamaldehyde was loaded on a small filter paper
and put in a petri dish in the plastic drum. A drpéstic fan was kept on inside the
container to distribute the vapour of the chemarauind the flower stems. Untreated
andtrans-cinnamaldehyde-treated flower stems were fumigaiti¢a ethylene (10pL
LY) for 24 h in 60L plastic drums. The flower bunsheere kept in small
translucent plastic vases containing distilled watkiring the application of
treatments. All the treatments were applied at 2Q°€ and 65 * 5% Relative
Humidity (RH). Also, 30g of soda lime was kepttire drums with the flowering
stems to avoid excessive accumulation ob.C&lems from treatments were placed in
250ml vases containing distilled water with eachcptl in small mesh nylon cones
installed at the base of the stalks to collect dogs of abscised flowers and flower

buds during vase life assessment daily for fouseountive days (Seaton, 2006).
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5.2.5. Experiments.

5.2.5.1.Experiment 1: Effect of fumigation of trans-cinnamaldehyde, ethylene
alone andtrans-cinnamaldehyde treated flowers followed by ethylem exposure
on abscission flowers/buds of ‘WX73 ‘WXFU' and ‘WX17’ genotypes of
waxflowers in 2014.

The antagonistic effect dfans-cinnamaldehyde to ethylene was tested in the
first experiment, using the flower sprigs of ‘WX7®&axflowers. The flower stems
were treated witlirans-cinnamaldehyde (1 uM) or ethylene (10 pt)lalone and
trans-cinnamaldehyde followed by exposure to 10 pt af ethylene. Untreated
flower stems were kept as control. Following thbaykine treatment, the flower
stems were taken out from the container and sdfdgten to collect abscised
flowers/buds. In each replicate, the abscised fteleids were counted and the
number of flowers/buds remaining on the stems Jss @unted. The percentage of
flowers/buds abscised was calculated daily for foumsecutive days. Additionally,
two independent experiments were also conducted'VBKFU' and ‘WX17’
waxflowers keeping all the experimental treatmeartd design as mentioned in the

first experiment.

5.2.5.2. Experiment 2: Effect of fumigation oftrans-cinnamaldehyde, ethylene
alone and trans—cinnamaldehyde treated flowers fawed by ethylene exposure
on abscission flowers/buds of ‘WX58" and ‘WX56’ geatypes of waxflowers in
2015.

In 2015, the antagonistic effect mans-cinnamaldehyde to ethylene was also
evaluated by conducting two independent experimasisg flower stems of two
genotypes of waxflower including ‘WX58" and ‘WX5@Both trials were conducted
following the same treatments and design as mesdioim Section 5.2.6. The
percentage of flowers/buds abscission in eachaapmin was calculated daily for

four days as detailed previously.
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5.2.5.3. Experiment 3: Effects of different concemations of trans
cinnamaldehyde, ethylene alone andtrans-cinnamaldehyde followed by
exposure to ethylene on abscission of flowers/budsf ‘Purple Pride’,

‘Revelation’ and ‘Hybrid1’ genotypes of waxflowersin 2015.

‘Purple Pride’ waxflower stems were fumigated wdifferent concentrations
0.5, 1.0 and 2.0 uM dfans-cinnamaldehyde alone, ethylene (10 it) lalone and
trans-cinnamaldehyde treatments followed by exposuhglene (10 puL 1¥). The
flower stems without any treatment were kept asrdrol. The experiment was laid
out by following one -factor factorial completelpndomised design, with three
replications and three stems per replication asegperimental unit. Effects of
different treatments on percentage flowers/budscisfion as detailed in above
experiments were recorded on the fourth day dfiercthylene treatment. Two more
separate experiments were conducted on cultivavélRgon’ and ‘Hybrid1’ using
the same treatments and experimental design aaie&glabove. The flowers/buds
abscission was recorded on day four after treatsnantl expressed as percentage

flowers/buds abscission.
5.2.6. Experimental design and statistical analysisf data

The experiment 1 and 2 were laid out by followimgp{factor factorial and
experiment 3 one -factor factorial completely rameked design with three stems
were treated as an experimental unit and threécedjoins. The experimental data
obtained was analysed using one or two - way aisabfsvariance (ANOVA) using
the statistical package Genstat"lddition (Lawes Agricultural Trust, Rothamsted
Experimental Station, UK). Treatment means werepamed by LSD atH < 0.05)
and means (= SE) were shown as appropriate. Diféexeamong various treatments

were further analysed using Duncan’s Multiple Raihgst.
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5.3. Results

5.3.1. Experimentl.

5.3.1.1.Effect of trans-cinnamaldehyde (CA) fumigation on mean flowers/buds
abscission in ‘WX73" ‘WXFU’ and ‘WX17" genotypes of waxflower in 2014 -
2015.

When averaged over four days, mean flowers/budscisgisn was
significantly @ < 0.05) highest (89.9% and 66.2%) on ‘WX73 and ‘WXF
flowering stems treated with ethylene (10 pi)lalone for 24 h as compared to the
control (5.5% and 3.9%) and all other treatmengpeetively in 2014 Fig.5.1 A and
B. The mean flowers/buds abscission was signifiggift < 0.05) increased (99.8%
and 97.8%) on ‘WX17’ flowering stems fumigated withuM transcinnamaldehyde
for 18 h followed by exposure to ethylene (10 pt) land the ethylene treatment
alone respectively for 24 h as compared to therobr(78.2%) and all other
treatments Fig.5.1 C. Flower stems of ‘WX73’ andX®U’ fumigated withtrans
cinnamaldehyde (1 uM) for 18 h followed by expostoelO pL L?! of ethylene
exhibited significantly reduced mean flowers/butisassion (14.1% and 36.7%) as
compared to those treated with ethylene alone 89ahd 66.2%) respectively
Fig.5.1A and B. Such a response to flowers/budsiasion to those treatments was
lacking in ‘WX17" waxflowers in 2014.

5.3.2. Experiment 2.

5.3.2.1. Effect oftrans-cinnamaldehyde (CA) fumigation on mean flowers/buds
abscission in ‘WX56’ and ‘WX58’ genotypes of waxflawer in 2014-2015.

Flower stems treated with ethylene (10 ') alone for 24 h exhibited
significantly P < 0.05) higher mean flowers/buds abscission (85.8¢6G8.8%) as
compared to the control (7.1% and 1.3%) in ‘WX56ida'WX58 waxflower
respectively in 2015 Fig.5.2 D and E. Meanwhiigns-cinnamaldehydg1uM)
fumigation for 18 h followed by exposure to 10 pL! lof ethylene for 24 h
significantly reduced mean flowers/buds abscis§¥n2% and 13.7% ) as compared
to the treatment of ethylene alone (85.9% and %B.B ‘WX56’ and ‘WX58’
respectively Fig.5.D and E.
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Figure. 5.1. Effects of fumigation tfans-cinnamaldehyde (1 uM), ethylene (10 pt)L
alone andrans-cinnamaldehyde followed by exposure to ethylerge(L L'!) on mean
flowers/buds abscission in (A) ‘WX73’, (B) ‘WXFU'ral (C) ‘WX17" waxflower during
2014. Vertical bars represent (SE).= control, E= ethylene alone (10 uLY), CA =
trans-cinnamaldehyde alone, CA + Etranscinnamaldehyde fumigation followed by

ethylene.
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Figure.5.2. Effects of fumigation ¢fans-cinnamaldehyde (1 uM) or ethylene (10 pL L
1y alone andtrans-cinnamaldehyde followed by exposure to ethyler@ |iL L) on
mean flowers/buds abscission in (D) ‘WX56’ and (®)X58" waxflower during 2015.
Vertical bars represent (SE}. = control, E= ethylene alone (10 pL1), CA =trans-
cinnamaldehyde alone, CA+Etrans-cinnamaldehyde fumigation followed by ethylene.

5.3.2.2. Effect of trans-cinnamaldehyde (CA) fumigation on cumulative
flowers/buds abscission in ‘WX73’, ‘WXFU' and ‘WX17 genotypes of

waxflower.

Stems of ‘WX73" waxflower fumigated wittrans-cinnamaldehyd¢l puM) for 18 h
followed by exposure to ethylene (10 pLY)Lexhibited substantially reduced
cumulative flowers/buds abscission (9.5% to 17.086) compared to those treated
with ethylene alone (86.2% to 91.3%) from day anétr respectively in 2014 Fig.
5.3 A. As expected, fumigation of ethylene (10 pt) lalone for 24 h promoted
cumulative abscission of flowers/buds in ‘WX73’ vilaxver as compared to the
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control over a four day period Fig.5.3A. Sprigs‘WfX73" waxflower fumigated
with trans-cinnamaldehyde (1 pM) alone exhibited lowest clativé flowers/buds
abscission (0.0% to 0.7%) over a four day periodaspared to the control and all

other treatments.

The flower sprigs of ‘WXFU waxflower fumigated thi trans-
cinnamaldehyd¢l uM) and followed by exposure to 10 pt* bf ethylene for 24 h
showed significantly reduced cumulative flowers/kwadbscission (27.7% to 40.3%)
over a four day period during 2014 as comparechtsd treated with (10 pL™3)
ethylene alone (65.3% to 67.2%). Meanwhitanscinnamaldehyde treatment alone
and untreated control waxflower stems showed loveeshulative flowers/buds
abscission (0.0% to 1.5% and 3.6% to 4.3% respayg)iv¥ig.5.3B.

Contrarily, a significant increase of cumulativevilers/buds abscission over
a four day period during 2014 was noted when th&X1W genotype stems were
fumigated withtrans-cinnamaldehyde (1 uM) followed by ethylene (10 pt)
exposure or ethylene alone as compared to all dteatments. Meanwhile, the
trans-cinnamaldehyde treatment (1 uM) alone for 18 hwatblowest cumulative
flowers/buds abscission in ‘WX17’ waxflower (11.58% 58.5%) over a four day

period as compared to the control and all othetitnents in 2014 Fig.5.3C.

5.3.2.3. Effect of trans-cinnamaldehyde (CA) fumigation on cumulative
flowers/buds abscission in ‘WX56’ and ‘WX58’ genotpes of waxflower.

Stems of ‘WX56’ and ‘WX58’ waxflower fumigated withl pM) trans
cinnamaldehyde and followed by exposure to 10 bt df ethylene showed
significantly P < 0.05) reduced cumulative flowers/buds abscissi@m@o to 31.1%
and 11.8% to 17.6% respectively) as compared tsethioeated with ethylene
treatment alone from day one to day four (83.99860/% and 57.6 % to 74.6%
respectively). As expected, ethylene (10 pt) lapplied alone for 24 h enhanced
cumulative abscission of flowers/buds in ‘WX56’ af/X58 waxflowers as
compared to the control over a four day period. e Wumulative flowers/buds
abscission was lowest in ‘WX56’ and ‘WX58’ in coolt(4.9% to 9.8% and 0.4% to
2.3% respectively) as compared to all other treatsig 2015 Fig.5.4 D and E.
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Figure. 5.3. Effects of fumigation afanscinnamaldehyde (1 uM) or ethylene (10
uLLY) alone andrans-cinnamaldehyde (1 uM) followed by ethylene (101ut) on
cumulative abscission of flowers/buds four dayerafiteatment in (A) ‘WX73’, (B)
‘WXFU’ and (C) ‘WX17’ waxflower in 2014. n = threeeplications (three stems per
replication), vertical bars represent SE, C = aupf = ethylene alone (10 pLY,
CA = transcinnamaldehyde alone, CA + E transcinnamaldehyde fumigation

followed by ethylene.
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Figure. 5.4. Effects of fumigation éfanscinnamaldehyde (1 uM) or ethylene (10 pL
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(E) ‘WX58" waxflower in 2015. n = three replicatisr(three stems per replication),
vertical bars represent SE, C = control, E = ethylalone (10 pLt), CA =trans
cinnamaldehyde alone, CA + E trans<cinnamaldehyde fumigation followed by

ethylene.
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5.3.3. Experiment 3: Effects of different concentraons of trans-cinnamaldehyde
fumigation alone andtrans-cinnamaldehyde fumigation followed by exposure to
ethylene on flowers/buds abscission of ‘Purple Pral, ‘Revelation’ and

‘Hybrid1’ waxflowers in 2015.

As expected, ethylene (10 pL?YL treatment alone for 24h resulted in
significantly P < 0.05) highest flowers/buds abscission (84.7%, %7ahd 83.9%)
on day four as compared to the control (3.1%, 7&% 9.1%) in ‘Purple Pride’,
‘Revelation’ and ‘Hybrid1’ waxflowers respectiveiy 2015 Fig.5.5A, B and C. All
the transcinnamaldehyde fumigation treatments irrespectife concentration
applied followed by exposure to 10 pL!Lof ethylene for 24 h resulted in
significantly reduced flowers/buds abscission amgared to the ethylene treatment
alone on day four in ‘Revelation’ and ‘Hybrid1’ witowers in 2015 Fig.5.5 B and
C.
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Figure. 5.5. Effects of different concentrationS,Q.0 and 2.0 uM of fumigation dfans
cinnamaldehyde or ethylene (10 pi})lalone andrans-cinnamaldehyde treatment followed
by exposure to ethylene (10 pLYLon flowers/buds abscission in (A) ‘Purple Pride’,
(B)'Revelation’ and (C) ‘Hybridl’ waxflower on dajour after treatments in 2015.
Vertical bars represent SE, C = control, E = ethglalone (10 pL £), CA = trans-

cinnamaldehyde alone, CA + Brans-cinnamaldehyde fumigation followed by ethylene.

84



Chapter 5: Trans-cinnamaldehyde

5.4. Discussion

Abscission of flowers/buds is a major problem Australian native
waxflowers during the postharvest phase in trarigpon, handling, storage, and
marketing which limits the potential of its intetimmal trade (Joyce, 1988; 1993;
Faragheret al, 2010). Exposure of flower stems to ethylene aeduflower petals
abscission and causes premature wilting and yatigwof leaves consequently
reducing display value in a range of flower cropguding waxflower (Joyce 1988;
Woltering and van Doorn, 1988; Cameron and Rei@128erelet al, 2006; Seaton
and Poulish, 2010; Scariat al, 2014). Flower stems fumigated withans-
cinnamaldehyde (1 uM) for 18 h followed by expostard0 pL L of ethylene for
24 h has exhibited reduced flowers/buds abscisssotompared to those exposed to
ethylene (10 pL ) alone in ‘WX73" , ‘WXFU’,'WX56’ and ‘WX58’, watlower
during 2014 and 2015 Fig.5.7. Meanwhile, no suetiuction in flowers/buds
abscission was noted when ‘WX17' waxflower stemsnifjated with trans-
cinnamaldehyde (1 uM) for 18 h followed by ethylém8 pL L1) exposure for 24 h
in 2014 Fig.5.1C.In 2015, amongst various concentrations 0.5, 1d2a8 uM of
transcinnamaldehyde tested (1 uM) fumigation for 18 hofeed by exposure to
ethylene (10 pL 1) for 24 h was most effective in reducing flowerslb abscission
in ‘Purple Pride’, ‘Revelation’ and ‘Hybrid1l’ waxdivers Fig.5.5A, B and C. The
reduction of flowers/buds abscission with the fuatign of transcinnamaldehyde
followed by exposure to ethylene (10 plLY)Lfor 24 h in ‘WX73’, ‘WXFU’,
‘WX56’, ‘WX58’, ‘Purple Pride’, ‘Revelation’ and ‘Kbrid1l’ waxflowers in 2014
and 2015 may be ascribed to the inhibition of ethgl action bytrans-
cinnamaldehyde. Previously, the action tAnscinnamaldehyde as ethylene
antagonist has been attributed maybe to the presanan oxygen functional group
adjacent to the double bond in its structuteat could make thetrans
cinnamaldehyde more effectively interact with tiieyene for receptor than one not
having an oxygen atorfig.5.6. (Grickoet al, 2003). An alternative hypothesis is
that the electron poor nature of the double bonttans- cinnamaldehyde leads to
stronger binding of ethylene to the ethylene remef&ricko et al, 2003). Earlier,
Macnishet al. (1999) stated that the ethylene action antagobist$ to the ethylene
receptor site thus turning off the ethylene sigmahsduction and gene expression

pathway. Meanwhile transcinnamaldehyde fumigation for 18 h followed by
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exposure to ethylene (10 pL*).for 24 h was not effective in reducing flowersdsu
abscission in ‘WX17’" waxflower and can possibly dscribed to the sensitivity of
‘WX17' to ethylene. Similarly, Tieman and Klee,999) also showed that the
differences among th&€hamelauciumgenotypes in the sensitivity to ethylene
exposure may be due to genetic differences in theber of ethylene receptors or
affinity of ethylene receptors and/or the result tble activity of the signal
transduction pathway in plants tissue. Macnethal. (2004a) reported that the
sensitivity to ethylene exposure of cut Geraldtoaxflowers seems to be an
inherited trait. As an example, among the most Igigtensitive genotypes to
ethylene in waxflowersC. uncinatum x C. micranthurov. Sweet Georgia an@.
uncinatumcv. ‘Early Nir’, ‘Paddy’s Late’, ‘Purple Pride’,CWA Pink’ and ‘Early
Hard’ can shed 10% of their flowers when treatadif® h with less than 0.01 urt
of ethylene.

Transcinnamaldehyde (1 puM) treatment was more effed@seompared to
(0.5 and 2.0 uM) in reducing flowers/buds abscissio'Purple Pride’, ‘Revelation’
and ‘Hybrid1l’ waxflowers when exposed to ethyleseggesting its response is
concentration dependent. Bothanscinnamaldehyde and 1-MCP are similar as
antagonising ethylene action (Serek and Sislerl2@ickoet al, 2003). In Siam
Tulip (Curcuma aeruginos&oxb.) flowers fumigated with different concenitas
(0, 300, 600, 900 ppb) of 1-MCP, the treatmentQif Bpb for 8 h was most effective
in reducing ethylene production and improving tleeping postharvest quality of cut
tulip flowers by blocking the ethylene receptoresih flowers compared to other
concentrations tested (Chutichudtal, 2010). Furthermore, Sereit al (1995b)
found that application of 1-MCP (200 nL™Y) was very effective in blocking
ethylene responses in ‘Wendy’ waxflowers to redfloeal organs abscission and
was even more useful to delay senescence&dttleya alliancesflowers, 1-MCP
during the first 2 days after treatment suppreg8€@ oxidase activity and ethylene

biosynthesis consequently extending flowers vdedYlamaneet al, 2004).

The results suggest thdtanscinnamaldehyde fumigation protects the
waxflower organs from the adverse effects of etgldecause of its antagonist
effects on ethylene action. Similarly, Cameron d&eid (2001) found that the
treatment with 1-MCP (1 pL ) has completely prevented ethylene-induced

flowers and petal abscission iRelargonium peltatum.ln conclusion, trans-
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cinnamaldehyde (1 uM) treatment seems to be effeati inhibiting the action of
ethylene consequently reducing flowers/buds ahisciss waxflower.

Transcinnamaldehyde 150, Molecular weight: 132.2 g mbl

Figure. 5.6. Chemical structure tohns-cinnamaldehyde (§sO).
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Figure. 5.7. Effects of fumigation dfanscinnamaldehyde (1 uM) for 18 h and
followed by exposure to ethylene (10 ptd)Lfor 24 h and the ethylene treatment
alone on flower/buds abscission of ‘Purple Prid®Revelation’” and ‘WX58’
waxflowers. (A) ‘Purple Pride’ waxflower stems tred with ethylene alone (10
uLLY) for 24 h. (B) ‘Purple Pride’ waxflower stems treé with trans-
cinnamaldehyde (1uM) for 18 h and followed by expesto ethylene (10 uLt

for 24 h. (C) ‘Revelation” waxflower stems treateath transcinnamaldehyde (1
uM) for 18 h and followed by exposure to ethyled® @uL LY) for 24 h. (D)
‘Revelation’ waxflower stems treated with ethylemene (10uL [*) for 24 h. (E)
‘WX58" waxflower stems treated wittrans-cinnamaldehyde (1 pM) for 18 h and

88



Chapter 5: Trans-cinnamaldehyde

followed by exposure to ethylene (10 ptt)Lfor 24 h. (F) ‘WX58 waxflower stems
treated with ethylene (10 puLY) alone for 24 h.
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CHAPTER 6

(9)-(-)-limonene fumigation protects waxflowers fromdetrimental effects of

ethylene on abscission of flowers/buds.

Abstract

Postharvest flowers/buds abscission on stems ofleveers causes serious
economic losses to the Australian waxflower indusirhis experiment aimed to
investigate the effects ofSf(-)-limonene in reducing the damaging effects of
ethylene on abscission of flowers/buds in six ggmes of Geraldton waxflowers
‘WX73', ‘WXFU','WX17’, ‘WX58’, ‘WX56’ and ‘Purple Pride’ in 2014 and 2015
respectively. The flowers stems were fumigated \eitylene (10 uL &) for 24 h
and ©)-(-)-limonene (1 uM) alone for 18 h ang+(-)-limonene fumigation followed
by exposure to ethylene. Untreated sprigs sensedaoatrol. The experimental
design used in all the experiments was two-fack@afments and time) factorial
completely randomised design including three replbms and three stems per
replication. Cumulative abscission of flowers/budgs calculated for four
consecutive days following 24 h of ethylene expesufumigation with $-(-)-
limonene (1 uM) for 18 h followed by exposure to L@ L of ethylene
significantly reduced flowers/buds abscission ampmared to ethylene treatment
alone in all genotypes except ‘WX17'. When averagear four days, mean
flowers/buds  abscission was significantly reducsben flower stems were
fumigated with §)-(-)-limonene followed by exposure to 10 pL! Lof ethylene
(26.7%, 30.9%, 62.4%, 13.6 and 6.4%) as compardtiase exposed to ethylene
treatment alone (89.9%, 82.0%, 77.4%, 85.9% an8%pBin ‘WX73’, ‘WXFU’,
‘Purple Pride’, ‘WX56" and ‘WX58’ respectively. ‘W17’ waxflower fumigated
with (9)-(-)-limonene followed by exposure to 10 ut Lof ethylene did not show a
significant reduction in flowers/buds abscissioncampared to ethylene alone. The
results reveal that§-(-)-limonene appears to be acting as an antagtmisthylene

action and consequent reduced flowers/buds abscigswaxflowers.
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6.1. Introduction

Geraldton waxflower @hamelaucium uncinatum Schauer), other
Chamelaucium species and hybrids have become one of the atgathtive plants
and valuable cut flowersChamelaucium species are the major cut flowers exported
from Australia in the recent past due to their treédy small pretty flowers and
leaves (Beasley and Joyce, 2002; Growns, 20Cp8et al., 2007; Vitneret al.,
2007; Gollnow and Worrall, 2010; Seaton and Poul}10). Waxflower stems are
strong enough and straight, and bear and suppeendeaves and attractive shiny
small flowers (Yan, 2001Gollnow and Worrall, 201@inh et al., 2008, 2011). The
Geraldton waxflower with possesses a distinct plesroma. It starts to produce
nectar at anthesis that continues for 7-10 daykey@t al., 1996). Plummeet al.
(2001) pointed out that the colours of petals rafrgen white through pinks to
mauve and purple, with the deep pinks and purpleuce® the most acceptable
commercially. Dinhet al. (2011) estimated that the world production of fi@axers
exceeds 300 million cut stems per year. Cut waxéienare exported from Australia
to European markets and are now ranked in the @pfZold volume of flowers
(Yan, 2001; Gollnow and Worrall, 2010; Seaton andIBh, 2010).

Extensive losses of floral organs (flowers/buds)waxflower cut stems
during transport, handling, storage and marketiag accur mainly as a result of
unfavourable exposure to exogenous ethylene (JA@&8; Faragher, 1989pyce,
1993). Faragheet al. (2010) stated that the abscission of floral osgah native
Australian flowers such aBoronia heterophylla, Backhousia myrtifolia, Baeckea
virgata, Ceratopetalum gummiferum, Chamelaucium uncinatum, some
Leptospermum, some Grevillea species, Telopea speciosissma, Thryptomene
calycina, and Verticordia nitens, V. cooloomia, V. grandis andV. serrata, is caused

by the presence of ethylene around the flowers.

As a prelude, ethylene not only causes absassfoflowers/buds in the
postharvest phase of waxflowers but also damadmtio flower petals and leaves
consequently reducing the value of the stems aswltieg in a low price in export
markets (Joyce, 1993). Several methods have bs&dtwith different cultivars of
waxflowers to downregulate ethylene production atiylene action to overcome

the adverse effects of ethylene on prolonging Jdse Joyce and Jones (1992)
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suggested that the vase water containing 10 rhglscisic acid (ABA) alone or in
combination with 10 mmol potassium chloride (KClasvbeneficial in promoting
longevity of vase life of ‘Purple Pride’ and ‘Albaultivars of waxflower. Studies
carried out by Joycet al. (1996) stated that addition of triadimenol furndgc (10
mg L?) into vase solution with accumulation of (ABA)gidated stomatal closure
and improved water balance in waxflowers stemseguently extended vase life of
flowers and leaves in ‘Alba’, ‘Mullering Brook’ @n‘Purple Pride’. Damunupolet
al. (2010) stated that the vase solutions contaiamgntibacterial compound such as
(9-carvone (0.318 to 0.636 mM) improved foliage aogver vase life in ‘Mullering
Brook’ Geraldton waxflower. ‘Mullering Brook’, ‘AlR’ and ‘Elegance’ waxflowers
treated with 0.5 mmol of silver thiosulphate (ST&) 15 - 22 h at 0°C resulted in
inhibition of endogenous ethylene biosynthesis eqoently reducing flower
abscission (Joyce,1993). Beneficial effects of 1AMi@ protecting cut flowers from
ethylene action have also been reported in ‘We@Braldton waxflower, (Serest
al., 1995b),Hibiscus rosa (Reid et al., 2002), Zonal Geraniumd¢argonium X
hortorum) (Joneset al., 2001), Rosa hybrida (Liao et al., 2013), Dianthus
caryophyllus andDelphinium (Ichimuraet al. 2002).Moreover, a single application
of 1-MCP (10 nLLE?) for 12 h during the postharvest seems to be thst @ffective
method for protecting and reducing waxflower losgbtacnish et al., 2000b;
Gollnow and Worrall, 2010; Seaton and Poulish, 2010

Application of different ethylene antagonists lsues STS and 1-MCP are
known to reduce damaging effects of ethylene ini¢wtural crops (Kader, 2003).
Limonene is a natural monoterpene found in citm @ther fruit and is considered
as environmentally friendly, when used as an adju¥ar agricultural chemicals as
registered with the Environmental Protection Agen@grahim et al., 2001;
Hollingsworth, 2005). Previously, insecticidal, efient and antimicrobial activity of
limonene and its potential use in controlling inseests as spray or dipping method
for harvested commodities such as vegetablessfanitut and potted flowers have
been reported by Ibrahimet al. (2001) and Hollingsworth (2005). In addition,
limonene has been classified by the U.S. Food anay DAdministration as a
Generally Recognised As Safe (GRAS) compound andeaused as an additive to
food or flavouring (EPA, 1994). Hollingsworth (200%lso stated that (1%) of
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limonene solution has no phytotoxic effects onklaad waxy leaves of ornamental
plants such as orchids, palms and cycads.

In addition, some preliminary research on anti-kethg properties of various
monoterpenes in plants suggested that limoneneomghdouble bond in the ring and
one outside but, the mode of action as the antagoreffect on ethylene is yet
unclear (Grichkeet al., 2003). Currently, no information is available ttve effect of
(9-(-)-limonene on inhibiting flowers/buds abscissim native waxflower or any
other plant. It was hypothesised that an antagjongdfect of §-(-)-limonene on
ethylene may regulate the postharvest abscissiflowérs/buds in ‘Geraldton wax’.
Therefore, ethylene antagonistic effects 8f-(€)-limonene were investigated in
regulating abscission of flowers/buds on the stewhsdifferent genotypes of
waxflowers by exposing td&-(-)-limonene and ethylene alone aig}(-)-limonene

fumigation followed by ethylene exposure.

6.2. Materials and Methods

6.2.1. Sources of chemical

(9-(-)-limonene Fig. 6.5. was purchased from Sigmdrigh, Castle Hill, NSW,
Australia. Ethylene gas (98%) was procured fro@(BGases, Australia Ltd., Perth,

Australia.

6.2.2. Plant material

The flower stems oChamelaucium genotypes were harvested from five-
year-old bushes which were grown under irrigatiow dertigation (Seaton and
Poulish, 2010) at the Department of Agriculture drdod Western Australia
(DAFWA), South Perth. Six separate experiments werelucted during the winter-
to-spring (June to October) in flowering seasonf28@dd 2015 to evaluate the effects
of (9-(-)-imonene as an ethylene antagonist on fresh waxflower stems of
‘WX73', ‘WXFU' and ‘WX17' during 2014 and ‘Purple mde’, ‘WX56’ and
‘WX58’ in 2015.
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6.2.3. Harvesting flowering stems

The flowering stems of six genotypes ‘WX73’, ‘WXFEUWX17’, ‘Purple
Pride’, ‘WX56’ and ‘WX58 were picked (60 to 70 cim length) in the early
morning and immediately placed in the bucket comi@ clean tap water. At the
laboratory, stems were completely randomised tleentrunder water to a length of
30cm to avoid air embolism prior to the applicatafrdifferent treatments. The table
below presents the percentage of flowers operxigemotypes tested with a standard

error of the mean (SE).

Table. 6.1. The percentage of open flowers on strtiee time of harvest.

Year | Genotype Flowers open on stems (%
2014 ‘WX73’ 81.8+11.26
2014 ‘WXFU’ 95.7+3.4%
2014 ‘WX17° 67.7+14.206
2015/ ‘Purple Pride’ 62.2+9.%
2015 ‘WX56’ 74.5+13.8%6
2015 ‘WX58’ 79.4+5.1%

+ = Standard error of the mean (SE)

6.2.4. Treatments and methods

During the experimental period, in all the treattsetme flower sprigs were
kept in 250 ml small translucent plastic vases aioirig distilled water. Flower
stems kept in distilled water with no fumigatioeatment were assigned as a control.
Flower branches were fumigated for 24 h with ethgl¢10 pL L) alone, §-(-)-
limonene (1 puM) alone for 18 h an8){(-)-limonene (1 uM) for 18 h followed by
exposure to ethylene (10 puL)24 h. The §-(-)-limonene compound was applied
(AuM) with the flower stems on filter papers in pelishes inside the 60 L plastic
drums. All other treatments were applied to flowéEms in the plastic drums as
detailed in Chapter 5, Section 5.2.4.
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6.2.5. Experiments

6.2.5.1.Experiment 1: Effect of fumigation of §)-(-)-limonene, ethylene alone
and (S)-(-)-limonene treated flowers followed by ethylenexposure on abscission
of flowers/buds of ‘WX73" ‘WXFU’, ‘WX17’, ‘Purple P ride’, ‘WX56’ and
‘WX58’ genotypes of waxflowers in 2014 - 2015.

Antagonistic effect of 9-(-)-limonene was tested in three independent
experiments using ‘WX73', ‘WXFU’' and ‘WX17' in 20l14and three more
independent experiments in 2015 on ‘Purple PritlgX56’ and ‘WX58’. After the
termination of the 24h of ethylene treatment tloevér bunches were taken out of the
vases and softly beaten on the table to collect ahscised flowers/buds.
Flowers/buds abscission was recorded daily follgwihe treatments for four
consecutive days. Cumulative flowers/buds absaissioring the four days was
calculated and expressed as a percentage of b#talsad and intact flowers/buds as
explained in Chapter 5, Section 5.2.4.

6.2.6. Experimental design and statistical analysisf alata

All the six experiments were laid out by followirtgvo-factor factorial
completely randomised design including the (treatmand time) with three
replications and three stems were treated as aeriengntal unit. The data were
subjected to a two-way analysis of variance (ANO\W)employing GenStat 14th
edition (Lawes Agricultural Trust, Rothamsted Expantal Station, Rothamsted,
UK). Treatment means were compared by LSOPat 0.05) and means (+ SE) were
shown as appropriate. Differences among treatmeste further analysed using

Duncan’s Multiple Range Test as explained in Chapt&ection 5.2.6.
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6.3. Result

6.3.1. Experimentl Effects of (5)-(-)-limonene fumigation on mean flowers/buds
abscission in ‘WX73’, ‘WXFU’, ‘WX17’, ‘Purple Pride’, ‘WX56’ and ‘WX58’
genotypes of waxflower in 2014 -2015.

When averaged over four-day periods, mean absnisgifdlowers/buds was
significantly P < 0.05) higher (89.9 % and 82.1%) for ‘WX73' and ‘WX’
waxflower stems when exposed for 24 h to exogeertiudene (10 pL 1) alone as
compared to the untreated control flowers (5.5% @886) and all other treatments
respectively in 2014 Fig. 6.1A and B. In additioNyX17’ genotype mean
abscission of flowers/buds was significanfi/< 0.05) increased (99.6% and 97.8%)
when ‘WX17' stems were fumigated witt®){(-)-limonene (1 uM) followed by
ethylene (10 pL ) and also in ethylene treatment alone Fig. 6.1€amvhile, the
flower sprigs of ‘WX73" and ‘WXFU’ exhibited signidantly lower mean abscission
of flowers/buds when treated witl®){(-)-limonene (1 uM) for 18 h followed by
exposure to 10 pL L of ethylene (26.7% and 30.9%) as compared to atbyle
treatment alone (89.9 % and 82.1%) respectively. Big 1A and B. Such
antagonistic effect of§)-(—)-limonene to ethylene action in ‘WX17’ waxfl@evwas
lacking in 2014 Fig. 6.1C. Flower stems of ‘Purplede’, ‘WX56’ and ‘WX58’
exposed to ethylene (10 pLY)Lalone showed significantlyP(< 0.05) increased
mean abscission of flowers/buds (77.4%, 85.9% aBdB% respectively) as
compared with the untreated control flowers (43.2%0% and 1.30%) and all other
treatments in 2015 Fig. 6.2D, E and F. Meanwhi®-({)-limonene (1 pM)
fumigation for 18 h followed by exposure to ethyefl0 pL L) significantly @ <
0.05) reduced mean abscission of flowers/buds urpR Pride’, ‘WX56’ and
‘WX58’ (62.4%, 13.6% and 6.3%) respectively Fi2[B, E and F.
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Figure. 6.1. Effects of fumigation o8)f-(-)-limonene (1 uM), ethylene (10 pL*)
alone and 9-(-)-limonene followed by exposure to ethylene (10 L'!) on mean
flowers/buds abscission in (A) ‘WX73’, (B) ‘WXFU'nal (C) ‘WX17" waxflower in
2014. Vertical bars represent SE. C = control, &hylene alone (10 pLY), (9-(-)-

Lim = (9-(-)-limonene alone, §-(-)-Lim + E = -(-)-limonene followed by

ethylene.
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Figure. 6. 2. Effects of fumigation oB)¢(-)-limonene (1 pM), ethylene (10 pL)L
alone and 9-(-)-limonene followed by exposure to ethylene (10 L) on mean
flowers/buds abscission in (D)‘Purple Pride’, (EyVX56’ and (F)'WX58’
waxflower in 2015. Vertical bars represent SE. Coatrol, E= ethylene alone (10
uL LY, (9-(-)-Lim = (S-(-)-limonene alone,§)-(-)-Lim + E = (§-(-)-limonene
fumigatior followed by ethylen.
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6.3.2. Experiment 1. Effects of $)-(-)-limonene fumigation on cumulative
flowers/buds abscission iIfWX73’, 'WXFU’, ‘WX17’, ‘Purple Pride’, ‘WX56’

and ‘WX58’ genotypes of waxflower.

The antagonistic effects o®)¢(-)-limonene (1 uM) fumigation, ethylene (10
uL LY alone and in combination on cumulative abscissibflowers/buds over a
period of four days after treatment in ‘WX73’, ‘WXF, ‘WX17’, ‘Purple Pride’,
‘WX56’ and ‘WX58’ waxflowers were evaluated overuiodays during 2014 and
2015 Fig. 6.3 and 6.4. The flower sprigs of ‘WX@&id ‘WXFU’ fumigated with 1
UM (9-(-)-limonene and followed by exposure to ethylgd® pL LY) for 24 h
showed significantly reduced cumulative flowers/wbscission from day one to
four (19.3% to 31.1 and 26.8 to 33.8%) in ‘WX73'dalWXFU’ respectively in
2014 as compared to those treated with 10 ftLethylene alone (86.2% to 91.3%
and 79.1 to 83.9% respectively) Fig. 6.3A and BaNghile, the lowest cumulative
of flowers/buds abscission was shown on the ‘WXaBd ‘WXFU’ stems treated
with the ©)-(-)-limonene (1 uM) alone for 18 h (3.1% to 5.2d 3.4% to 9.6%
respectively) as compared to all other treatmemi$ eontrol Fig. 6.3A and B.
However, cumulative flowers/buds abscission frony d@me to four in ‘WX17’
waxflower stems fumigated withSf-(-)-limonene (1 uM) followed by ethylene
exposure (10 puL £) did not differ significantly from the flower stestreated with
ethylene exposure (10 pLY) alone Fig. 6. 3C.

The highest cumulative abscission of flowers/bu@s wbserved on ‘Purple
Pride’, ‘WX56’ and ‘WX58’ branches when fumigatedthwthe ethylene treatment
alone from day one to day four (75.5% to 79.1%983t0 86.7% and 57.6% to
74.6% respectively) as compared to the sprigsddeatth 1 uM §-(-)-limonene
and followed by exposure to ethylene (10 ) ffor 24 h (52.7% to 66.3% ‘Purple
Pride’, 11.6% t015.3% ‘WX56’ and 0.75 to 11.8% ‘W&Xpin 2015 Fig. 6.4D, E
and F. Meanwhile, the §-(-)-limonene treatment alone showed the lowest
cumulative flowers/buds abscission in ‘Purple Pr{@0% to 1.5%) as compared to
the untreated stems (39.8% to 46.5%). Untreate®58Y and ‘WX58’ waxflower
stems exhibited the lowest cumulative abscissiofto@fers/buds as compared to all

other treatments Fig. 6.4E and F.
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Figure. 6.3. Effects of fumigation o8)-(-)-limonene (1 uM), ethylene (10 puLY) alone
and ©-(-)-limonene followed by exposure to ethylene (i@ L) on cumulative
abscission of flowers/buds over four days afteattreent in (A) ‘WX73’, (B) ‘WXFU’
and (C)'WX17' waxflower in 2014. n = three replicats (three stems per replication),
vertical bars represent SE, C = controk Ethylene alone (10 pLY), (9-(-)-Lim = (9-

(-)-limonene alone,§)-(-)-Lim + E = (§-(-)-fumigation followed by ethylene.

99



Chapter 6: (S)-(-)-Limonene

——C —@—E —A—(S)(-)-Lim —A—(S)-(-)-Lim+E

'Purple Pride'
D

o—o—o 9

‘/‘——i—l

e—o— 9

[ LsSD (P<0.05)

-
o
o

(0]
o

N
o

Flowers/buds abscission (%)
N (*2]
o o

o

A T S —— ]
yany b = L

100 4 'WX56' E

00

I LsD (P<0.05)

= e

L~ —

(0]
o

S
o

N
o

Flowers/buds abscission (%)
(*2]
o

o

<
- 100 1 \x58: F
& 804
S 60 1
)
S 404
2 I LSD (P<0.05)
7]
20
S ol ot 23
o
[ 0 4
1 2 3 4

Days after treatment

Figure. 6.4. Effects of fumigation o®)t(-)-limonene (1 uM), ethylene (10 pLY alone
and ©-(-)-limonene followed by exposure to ethylene (i@ L) on cumulative
abscission of flowers/buds over four days afteattreent in (D) ‘Purple Pride’, (E)
‘WX56’ and (F)'WX58" waxflower in 2014. n = threeeplications (three stems per
replication), vertical bars represent SE, C = aunfE = ethylene alone (10 puL1), (9-
(-)-Lim = (9-(-)-limonene alone,§)-(-)-Lim + E = (§-(-)-limonene fumigation followed

by ethylene.
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6.4. Discussion

Postharvest abscission of flowers/buds, petal apaf Isenescence in
waxflower causes serious economic losses to thdr#liam waxflower industry
(Joyce, 1993; Dinlat al., 2008; Seaton and Poulish, 2010) as discuss€tapter 5,
Section 5.1. To avoid the harmful effects of expego unfavourable conditions that
accelerate ethylene biosynthesis or render theeflomore sensitive to ethylene may
be an effective approach to reducing postharvestel® in horticulture produce
including flowers (Kader, 2003; Ebrahimzadesthal., 2008; Scariott al., 2014). As
a prelude, application of different ethylene antagis such as STS, 1-MCP is
effective in reducing damaging effects of ethylenehorticultural crops but, is
coupled with some weaknesses (Blankenship, 200dnkhship and Dole, 2003;
Kader, 2003; Seaton and Poulish, 2010) as alsasied in Chapter 5, Section 5.1.

Fumigation of §-(-)-limonene (1 uM) forl8 h followed by exposuf L
Lt of ethylene for 24 h has substantially loweredwtios/buds abscission on
‘WX73', 'WXFU’, ‘Purple Pride’, ‘WX56" and ‘WX58’ waxflower during 2014 and
2015 Fig. 6.1A and B. Fig. 6.2D, E and F as congpé&wehose treated with ethylene
alone. Significant reduction in abscission of feea/buds was shown in different
genotypes of waxflower when stems were treated {@H¢-)-limonene followed by
exposure to ethylene Fig. 6.6. This can probablgdmzibed to the inhibitory activity
of applied §-(-)-limonene on ethylene action in waxflower. Téeperimental data
suggest that3)-(-)-limonene treatment seems to be very effectivdlocking the
ethylene action in waxflower consequently redudimg abscission of flowers/buds.
Possibly, §-(-)-limonene seems to be binding to the ethyleseeptor on ‘WX73’,
‘WXFU’, ‘Purple Pride’, ‘WX56’ and ‘WX58’ waxflowerbut, the exact mode of
action of ©-(-)-imonene as an ethylene antagonist warramtsbé further
investigated. Previously, Gricket al. (2003) also reported the existence of one
double bond as functional groups in the chemiaaicstire one inside the ring and
the other outside the ring Fig. 6.5. Possibly, ititeraction of the double bonds in
this chemical structure with the ethylene recegite may make these compounds

active in masking ethylene receptor sites in flaver

Meanwhile, no such reduction in abscission of flsilsuds in ‘WX17’ was

noted when the stems were treated wiBr({)-limonene followed by ethylene
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exposure and with ethylene Fig. 6.1C. This showsege variation in the response
of different genotypes of waxflowers. Similarly,etrsensitivity of waxflower to
ethylene exposure appeared to be a genetic treitydarly ascribed to the signal
transduction pathways and/or the number as wehasaffinity of ethylene receptors
in the floral tissues (Tieman and Klee, 1999; Mabmt al., 2004a). A substantial
reduction in abscission of flowers/buds in fivefeliént genotypes of waxflower
treated with §)-(-)-limonene prior to the exposure to ethylenggrsts that it acts as
an ethylene antagonisB){(-)-limonene also has potential as a postharreatment
to prevent flower/buds abscission in waxflower. igaon among waxflowers
genotypes may require further investigation to emshat it is effective for varieties
of waxflower being treated. Also, the degree diyltne control needs to be at a

sufficient level to be considered as a replacerf@mther methods such as STS and

1-MCP.

(9- (-)-Limonene (GoH16) Molecular Weight: 136.2 g nol

Figure. 6.5. Chemical structure &{(-)-limonene (GoH1e).
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$

Figure. 6.6. Effects of fumigation o8)(-)-limonene (1 uM) for 18 h and followed
by exposure to ethylene (10 plY)Lfor 24 h and the ethylene treatment alone on
flowers/buds abscission of ‘WX58’ and ‘WX56" waxifler. (A) ‘WX58’ waxflower
stems treated with§-(-)-limonene (1 uM) for 18 h and followed by exguoe to
ethylene (10 puL 1) for 24 h. (B) ‘WX58 waxflower stems treated witthylene
(10 pL LY alone for 24 h. (C) ‘WX56" waxflower stems tregtevith (S)-(-)-
limonene (1pM) for 18 h and followed by exposuretoylene (10 pL i) for 24 h.

(D) ‘WX56’ waxflower stems treated with ethyleneé(fiL L) alone for 24 h.
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CHAPTER 7

Influence of 1-Hexylcyclopropengdumigation on reducing detrimental effects of

ethylene on abscission of flowers/ buds in differémgenotypes of cut waxflowers.

Abstract

Various methods have been reported for preventuiegethylene damaging
effect on postharvest characteristics of ornamengadflower by blocking ethylene
production or inhibition of ethylene action. Thejexttive of this study was to
demonstrate the effectiveness of fumigation withekylcyclopropene (1-HCP) as
anti-ethylene in five genotypes of waxflowers ‘WX73urple Pride’, ‘WX56’,
‘WX58’ during 2014 and ‘Purple Pride’ and ‘Hybrid#uring 2015. The effects of
fumigation 1-hexylcyclopropene at 1 uM followed éxposure to ethylene (10 puL L
1y for 24 h and also, the effect of three differemmcentrations 0.5, 1.0 and 2.0 uM of
1-hexylcyclopropene followed by exposure to ethglem flowers/ buds abscission
were also evaluated in ‘Purple Pride’ and ‘Hybridiliring 2015. The flower sprigs
were fumigated with 1-hexylcyclopropene using 60plastic drums for 18 h
followed by 24 h exposure to ethylene with untrddtewer stems kept as control.
The design was a one or two- factor factorial cetgdy randomised design with
three replicates and three stems per replicationmlative abscission of
flowers/buds was calculated for four consecutivgsdillowing 24 h of ethylene
exposure. The percentage of flowers/buds abscigsieach replicate was calculated
daily for four days, while with different concenticms experiment the data was
calculated in day one after treatment. Fumigatibri-bexylcyclopropene (1 puM)
followed by single exposure to ethylene (10 pt) lhas significantly P < 0.05)
reduced flowers/ buds abscission by (2.7% ‘WX738% ‘Purple Pride’, 14.6%
‘WX58 and 23.5% ‘WX56’) when compared to ethyleneeatment alone
significantly where flowers/buds abscission inceshdy (95.1% ‘WX73’, 77.4%
‘Purple Pride’, 68.8% ‘WX58’ and 85.9% ‘WX56’). 1&P concentration of 1 uM
was the most effective amongst three concentratiested in reducing flowers/ buds
abscission when fumigated for 18 h followed by estpe to ethylene (10 uLY) for
24 h. The results clearly indicate that applicatoérii uM 1-hexylcyclopropene on

several waxflowers genotypes substantially reddioseers/ buds abscission.
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7.1. Introduction

The maintenance of quality of ornamental plantsugh minimization of the
adverse effects of ethylene during the supply cie prerequisite for commercial
success (Ebrahimzadethal., 2008; Ferrantet al., 2015). The sensitivity to ethylene
exposure has significant implications for transort handling of ‘Geraldton wax’
cut flowers (Joyce, 1988, 1993). Flowers/buds aissmn in waxflower during the
postharvest phase causes serious economic losaesglier, 1988; Joyce 1988;
Seaton and Poulish, 2010). Gollnow and Worral (20&ported that the waxflower
stems can lose up to 85% of their flowers if explaseethylene (Seaton and Poulish,
2010). Eyreet al. (2006) stated that the economic success in AisirgGeraldton
wax’ depends on the protection of the flowers fritva floral organ abscission and
senescence process. Sutton (2004) reported thetisgomh of waxflower lifespan of
more than five days could achieve more than 20%edrigrofit.

Ethylene is known to modulate a range of physiaalgand developmental
processes at various stages in plants commenaong $eed germination to tissue
senescence (Sislet al., 2001; Martinez-Romeret al., 2007; Linet al., 2009).
Ethylene antagonists are considered as a moretieéfetool in inhibiting the
response of the plant tissues to exogenous andgendas ethylene and
consequently, extend the vase life in a range okisee ornamental cut flowers
(Philosoph-Hadast al., 2003;Sisler and Serek, 2003; Sermtlal., 2006; Apelbaum
et al., 2008).

Several reports have indicated that cyclopropenas some derivatives
including 1-methylcyclopropene (1-MCP) irreversililind to the ethylene receptor
and delay the senescence in ornamental and haoutigitrops (Serekt al., 1995a,
1995b; Ichimureet al., 2002; Blankenship and Dole, 2003; Seeekl., 2007; Reid
and Staby, 2008). 1-MCP has been found to be a e#egtive ethylene blocking
agent and extends storage and shelf life of frietfy vegetables, herbs and flower
crops (Serek and Sisler, 2001; Sisler and Sere@3;28aleh-Lakhaet al., 2004;
Sereket al., 2006).

Exogenous application of 1-MCP has been repddexktend the shelf life of

flowers including Primula sinensis L. (Ghassemzadet al., 2013), Penstemon
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hartwegii Benth. (Serelet al., 1995a),Freesia (Zencirkiran, 2010) and waxflower
(Sereket al., 1995b). Although, 1-MCP has been reported tarbeffective blocker
of ethylene responses (Serekal., 1994b; Sisler and Serek, 1997; Blankenship,
2001). The practical usage of 1-MCP is coupledhwitnumber of limitations such
as it can be applied as a fumigant only or as ¢achdlower cartons, not as a dip or
loading and spray to cut flowersypically providing protection to waxflowers
genotypes for 4 days (Grichko, 2006; Goetal., 2008; Seaton and Poulish, 2010).
Grichko (2006) reported that newer suitable ethylemtagonists to control the
harmful effects of ethylene such as through lorsgirig protection of plants upon a
single exposure, water solubility, potency, noniphluxicity, efficacy at minute
concentrations, colourlessness and ease to thecaomt. The use of such ethylene
antagonists is essential to extend postharvestalifeé maintain the freshness of
horticultural produce (Feng al., 2004; Apelbaunet al., 2008; Goreret al., 2008).

Recently, novel compounds made of 1-sulistitcyclopropene analogues of 1-
MCP with a similar action and structure with a n@mbf carbon chains at the 1-
position in their chemical structure have been tperl which are more effective in
terms of concentration and timing of applicatiomuieed to inhibit the ethylene
effects in plants (Sisleat al., 2001, 2003). 1-Hexylcyclopropene (1-HCP) is ofhe
the series of substituted cyclopropenes with a cubde weight (124 g) which, has
already been screened for its potency as an ethydariagonist orKalanchoe
blossfeldiana Poelln flower and achieved a high protection of displdg bf up to 5
- 6 days. This is comparable to 1-MCP in its caltgio compete with ethylene for
the receptor, by binding to metal in the ethyleeeeptor and blocking the receptor
(Kebeneiet al., 2003a) and may be due to the structure or el@ctreffect of 1-
hexylcyclopropene (Sislet al., 2001; Kebenegt al., 2003a).

Sisleret al. (2003) demonstrated that compounds with a losgks chain of
more than 5 carbons in the 1-position have an eamthrefficacy and these
compounds as anti-ethylene beside the low condemtreequired to inactivate the
ethylene receptor and provide the longer time gtaie from ethylene. For example,
1-hexylcyclopropene (1-HCP) and 1-octylcyclopropdheOCP) (Buanonget al.,
2005; Sisleret al., 2005; Sereket al., 2007). In addition, green banandduga
sapientum L.) treated with 0.4 + 0.01 nL11-HCP following exposure to 338 L™*
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ethylene for 18 h was effective in protecting ban&mit from ethylene action and
delaying the ripening process for 20 days (Sidiet., 2003). Kebeneit al. (2003b)
reported that fumigation with 1-OCP or 1-MCP wa®Qq2nL L?) effective in
protecting the cut flowers of sweet pdathyrus odoratus L.) against the adverse

effects of ethylene.

Only limited research work has reported abibnat effective activity of 1-
substituted cyclopropene (1-HCP) in extending tbevér life of pottedKalanchoe
blossfeldiana plant (Kebeneét al., 2003a). Apparently, no research work has been
reported about the efficacy of 1-HCP in reducing #bscission of flowers/buds in
Australian waxflowers genotypes. It was hypothesighat 1-HCP may block
ethylene action and consequently reduce flower/a$cission in different
Australian waxflowers. The objective of this stuags to investigate the effects of 1-
HCP and different concentrations on flowers/ buascession in different waxflower

genotypes.
7.2. Materials and Methods
7.2.1. Sources of chemicals

1-Hexylcyclopropene Fig.7.7 was synthesised at fepartment of
Chemistry, Curtin University by Dr Payne’s groupure ethylene gas (98%) was
purchased from BOC Gases, Australia Ltd., Pertlstralia.

7.2.2. Plant material

Five different genotypes of ‘Geraldton wax’ ‘WX73'Purple Pride’,
‘WX56’, ‘WX58" and ‘Hybrid1l’ have been used in threxperiments to examine the
efficacy of 1-HCP fumigation as ethylene inhibitduring two consecutive years
2014 and 2015. Also, the effect of different concations 0.5, 1.0 and 2.0 uM of 1-
HCP was evaluated on ‘Hybrid1’ and ‘Purple Pridaridg 2015. The waxflower
branches were sourced from six-year-old bushes thenbDepartment of Agriculture
and Food Western Australia (DAFWA).
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7.2.3. Harvesting flowering stems

The flowering stalks of different genotypes (605-cm) were collected with
flowers 57% to 98% fully opened in the early momiftom shrubs located at
(DAFWA) and placed in buckets containing tap waidre branches were trimmed
to 30 cm length and placed immediately in distillgater prior to starting different
treatments.

Table. 7.1.The percentage of open flowers on stdrtise time of harvest.

Year | Genotype Flowers open on stems (%
2014 ‘WX73’ 78.7+15.2%

2015 ‘WX56’ 66.9+8.7%

2015 ‘WX58’ 77.4+5.0%

2015| ‘Purple Pride’ 57.5+11.1%

2015| ‘Purple Pride’ 65.5£6.3%

2015 ‘Hybridl’ 98.3+1.6%

+ = Standard error of the mean (.

7.2.4. Experiments

7.2.4.1. Experiment 1. Effect of fumigation of 1-heyxicyclopropene, ethylene
alone and 1-hexylcyclopropené¢reated flowers followed by ethylene exposure on
abscission of flowers/buds in ‘WX73', ‘Purple Pride, ‘WX56’ and ‘WX58’
genotypes of waxflowers in 2014 -2015.

In the first experiment, four different treatmemisre applied to the flower
stems of waxflower including 1-hexylcyclopropene M) fumigation alone, 1-
hexylcyclopropene (1 uM) fumigation alone for 1&Howed by exposure to 10 pL
L ethylene for 24 h,10 pLtethylene for 24 h alone and untreated. Fumigaifon
1-hexylcyclopropene was applied in a 60 L plasticnd for 18 h as explained in
Chapter 5, Section 5.2.4. The sprigs were treaftit ethylene 10 uLt for 24 h as
explained in Chapter 5, Section 5.2.4. The efficanfy application of 1-

hexylcyclopropene as ethylene antagonist was examguring season 2014 on
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‘WX73’ genotype and four more separate independegperiments were executed by
using different genotypes such as ‘Purple Prid&/X56’ and ‘WX58’ in 2015.
Flowers/buds abscission was recorded daily follgwihe treatments for four
consecutive days. Flowers/buds abscission was &sguieas a percentage as detailed
in Chapter 5, Section 5.2.4.

7.2.4.2. Experiment 2: Effects of different concenations of 1-
hexylcyclopropene, ethylene alone and 1-hexylcyclogpene followed by
exposure to ethylene on flowers/buds abscission ‘idybrid1’ and ‘Purple Pride’

genotypes of waxflowers in 2015.

Two independent experiments were conducted usindpridl’ in the first
experiment and ‘Purple Pride’ waxflowers in theaetexperiment. Three different
concentrations (0.5, 1.0 and 2.0 uM) were testetHgbrid1'genotype to evaluate
the effective concentration to reduce the postlsrilwers/buds abscission in
waxflower stems. The sprigs of ‘Hybrid1l” were furaigd with 1-hexylcyclopropene
alone, ethylene alone and 1-hexylcyclopropenertreats followed by exposure to
ethylene (10 pL 1) and the untreated flower sprigs were treated esnérol. The
flowers/buds abscission was recorded 24 h aftecongpletion of treatments on day
one. Flowers/buds abscission was expressed axanpege as explained in Chapter
5, Section 5.2.5.3. Another experiment was repeateéurple Pride’ keeping all the
treatments, an experimental design similar to tleogdained in the first experiment.

7.2.5. Experimental design and statistical analysisf data

All the trials were arranged in completely randogdisiesign composed of
one or two factors with three replicates. Threenstevere used in each replication.
Depending upon the experiment, the data were siglojeéc one or two - way analysis
of variance (ANOVA) using GenStat "4edition (Lawes Agricultural Trust,
Rothamsted Experimental Station, UK). Followingndiigant F-test P < 0.05), least
significant differences (LSD) were calculated. Hifects of different treatments and
times were compared using least significance diffees (LSD). Means standard
error (x SE) was also calculated. Differences amaomgtments were further

analysed using Duncan’s Multiple Range Test.
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7.3. Results

7.3.1. Experiment 1. Effect of 1-hexylcyclopropenelHCP) fumigation on mean
flowers/buds abscission in ‘WX73’, ‘Purple Pride’, ‘WX58 and ‘WX56’
genotypes of waxflower in 20142015.

As expected, the flowers stems of ‘WX73’, ‘Purplede’, ‘WX58 and
‘WX56’ genotypes fumigated with exogenous ethylehene (10 pL ) for 24 h
resulted in significantly ¥ < 0.05) highest mean flowers/buds abscission (95.1%,
77.4%, 68.8% and 85.9% respectively) as compardtigaintreated stems (2.2%,
43.4%, 1.3% and 7.1%) and all other treatmentsetsely Fig.7.1 A and Fig.7.2
B,C and D. Meanwhile, the mean flowers/buds abgmisavas found to be
significantly < 0.05) reduced (2.7%, 4.8%, 14.6% and 23.5%) whersprigs of
‘WX73’, ‘Purple Pride’, ‘WX58’ and ‘WX56’ waxflowes were treated with 1-
hexylcyclopropene (1 uM) for 18 h followed by 24ohexposure to 10 pLt of
ethylene Fig.7.1 A and Fig.7.2 B,C and D. Also,atneent of 1-1-HCP alone
exhibited the lowest mean flowers/buds abscissio@%, 0.9%, 2.4% and 21.3%
respectively) as compared to all the other treatsen

A

= 'WX73'
S 100 - 95.1a
[
=)
8 80 4
(6]
3
] 60 b
)
g 40 - =z LSD (P <0.05)
@
g 20 4
E 2.2b 1.2b 2.7b

[ - ____ . r —_—

C E 1-HCP  1-HCP+E
Treatments

Figure.7.1. Effects of fumigation of 1-hexylcyclopene (1 uM) or ethylene (10 pLi)L
alone and 1-hexylcyclopropene followed by expodarethylene (10 pL ) on mean
flowers/buds abscission in (A) ‘WX73" waxflowersrihg 2014. Vertical bars represent
(SE). C = control, E = ethylene alone (10 ut)L1-HCP = 1-hexylcyclopropene alone,
1-HCP + E = 1-hexylcyclopropene fumigation followeyl ethylene.
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Figure.7.2. Effects of fumigation of 1-hexylcyclopene (1 uM), or ethylene (10
uL L) alone and 1-hexylcyclopropene followed by expedorethylene (10 puLL
1Y on mean flowers/buds abscission in (B)‘Purpled®yi (C) ‘WX58 and (D)
‘WX56’ waxflowers during 2015. Vertical bars repees (SE). C = control, E =
ethylene alone (10 pL1), 1-HCP = 1-hexylcyclopropene alone, 1-HCP + E-= 1

hexylcyclopropene fumigation followed by ethylene.
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7.3.2. Experiment 2: Effect of 1-hexylcyclopropeng1-HCP) fumigation on
cumulative flowers/buds abscission in ‘WX73’, ‘Purpe Pride’, ‘WX58" and

‘WX56’ genotypes of waxflowers in 2014 - 2015.

The flower sprigs of ‘WX73 genotype were fumigatedith 1-
hexylcyclopropene (1 uM) for 18 h and followed bypesure to 10 pL & of
ethylene for 24 h resulted in significantly? (< 0.05) lowest (1.3% to 3.2%)
cumulative abscission of flowers/buds over foursdag compared to those exposed
to the ethylene treatment alone (94.7% to 95.2%ndw014 Fig.7.3A. Meanwhile,
the 1-hexylcyclopropene treatment alone resultaderiowest cumulative abscission
of flowers/buds over four days (0.7% to 1.3%) ampared to the control and all
other treatments during 2014 Fig.7.3A.

Similarly, the flower bunches of ‘Purple Pride’, X88 and ‘WX56’
fumigated with 1-hexylcyclopropene (1 uM) for 18anhd followed by ethylene
exposure (10 pL t) for 24 h resulted in the significantl € 0.05) lowest (2.7 to
5.8%, 5.10 to 24.30% and 15.1 to 30.9%) cumulabivds/flowers abscission as
compared to the ethylene treatment (10 i) &lone (75.5 to 79.1%, 57.6 to 74.6%
and 83.9% to 86.7% respectively) and all otherttneats during 2015 (Fig. 7.4B,C

and D).
——C —e—E —A—1HCP —A—1-HCP+E

;\5‘

= "WX73' A
27° —e—o—o
‘0 80 +

)]

O

g 60 +

S 40 T LSD (P<0.05)

?

5 20 =

3 0l p————
L 1 2 3 4

Days after treatment

Figure.7.3. Effects of fumigation of 1-hexylcyclopene (1 uM) or ethylene (10puLL

alone and 1-hexylcyclopropene (1uM) followed byydhe (10 pL ) on cumulative

abscission of flowers/buds four days after treatmeA) ‘WX73’ waxflowersin 2014. n =

three replications (three stems per replicatiorjtigal bars represent SE, C = control, E =

ethylene alone (10 pL 1), 1-HCP = 1-hexylcyclopropene alone, 1-HCP + E = 1

hexylcyclopropene fumigation followed by ethylene.
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Figure.7.4. Effects of fumigation of 1-hexylcyclopene (1 uM) or ethylene (10 pLiL

alone and 1-hexylcyclopropene (1 pM) followed bigyigne (10 pL ) on cumulative
abscission of flowers/buds four days after treatme(B) ‘Purple Pride’, (C) ‘WX58’ and
(D) '‘WX56’ waxflower in 2015. n = three replications (three stems peliaation),

vertical bars represent SE, C = control, E = etiglalone (10 pL t), 1-HCP = 1-

hexylcyclopropene alone, 1-HCP + E = 1-hexylcyotgeme fumigation followed by
ethylene.
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7.3.3. Experiment 3: Effects of different concentraons of 1-hexylcyclopropene
fumigation alone and 1-hexylcyclopropene fumigatiorfollowed by exposure to
ethylene (10 pLL ) on flowers/buds abscission of ‘Hybrid1’ and ‘Purpe Pride’

waxflowers in 2015.

The stems of ‘Hybridl’ treated with 0.5, 1.0 andO2uM 1-
hexylcyclopropene for 18 h followed by exposureetbylene for 24 h resulted in
significantly P < 0.05) reduced flowers/buds abscission as comptorestems
treated with ethylene alone one day after the ririeats Fig.7.5A. Meanwhile,
flowers/buds abscission was significant® € 0.05) reduced when ‘Purple Pride’
stems were fumigated with all different concentnasi of 1-HCP except 0.5 uM
followed by exposure to the ethylene treatmentaspared to all other treatments
one day after the treatments Fig.7.5B. As expedttylene treatment alone 10 pL
Lt for 24 h significantly P < 0.05) increased (83.4% and 74.7% respectively)
flowers/buds abscission in both ‘Hybrid1’ and ‘Plerpride’ genotypes one day after
the treatments when compared to control treatmeahiadl other treatments Fig.7.5A
and B.
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Figure.7.5. Effects of different concentrations,019 and 2.0 uM of fumigation of 1-
hexylcyclopropene or ethylene (10 pL')Lalone and 1-hexylcyclopropene treatment
followed by exposure to ethylene (10 ptb)Lon flowers/buds abscission in (A)‘Hybrid1’
and (B)'Purple Pride’ waxflower on day 1 after treants in 2015. Vertical bars represent
SE, C = control, E = ethylene alone (10 ut)L1-HCP = 1-hexylcyclopropene alone, 1-
HCP + E = 1-hexylcyclopropene fumigation followegldihylene.
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7.4. Discussion

Small cyclopropenes are known to be highly effextim counteracting
ethylene response at the receptor level in pleitddret al., 2006, 2009) for long
periods of time at very low concentration (Siseal., 1999; Sisleet al., 2005). For
example, 1-MCP is promising as a post-harvestrreat for both fresh cut flowers
and potted plants (Grichko, 2006; Mayetsal., 1997). 1-MCP is coupled with
various weaknesses as reported some by Seatoncaidh? (2010) such as that 1-
MCP is known to protect the waxflowers for a shorte as low as four days, and 2
to 25 days depending on flowers type it may reqrepeating the treatment and can
be used as a fumigation treatment only (Macreskal., 2000h Macnishet al.,
2004b; Goreret al., 2008). In addition, it is expensive (AU$9000/190f 1-MCP),
consequently reducing profit to growers. Agrofresti®s not directly sell 1-MCP
therefore; it offers an attractive opportunity ®vdlop new ethylene antagonists.

In this study, ethylene antagonistic eef§ of the application of 1-
hexylcyclopropene on four different genotypes okfliavers were assessed. Flower
stems of different genotypes of waxflowers suchx73’, ‘Purple Pride’, ‘WX58’
and ‘WX56’ fumigated with 1-hexylcyclopropene (1 pkér 18 h and followed by
exposure to ethylene for 24 h exhibited significaetluction in abscission of
flowers/buds (2.7%, 4.8%, 14.6% and 23.5% respelglivas compared to the
ethylene treated stems (95.1%, 77.4%, 68.8% arfid@%espectively) Fig.7.1A and
Fig.7.2B, C and D. The experimental results suggeshat possibly the 1-HCP
treatment inhibited ethylene action by blocking tl¢hylene receptor and
consequently inhibited abscission of flowers andisbin different genotypes of
waxflowers Fig.7.7. Amongst various concentrations of 1-HCRteg 1 yM
fumigation for 18 h followed by exposure to ethyegd0 pL L) for 24 h was most
effective in reducing flowers/buds abscission inybiHdl and ‘Purple Pride’
waxflowers. Therefore, the response of 1-HCP inbiing flowers/buds abscission
in waxflower is concentration dependent. Similadg, found by Chutichudet al.
(2010) Sam Tulip flowers fumigated with 1-MCP at four concentrasof®, 300,
600, 900ppb) and two fumigation periods (4 or 8 dijowed an optimum
concentration of 300 ppb of 1-MCP for 8 h couldver® ethylene biosynthesis and
maintain the cuttulip flower quality. In addition, Jonest al. (2001) found a
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reduction in the petal abscission in all cultivafsZonal Geraniumdreated with
differentconcentrations (0, 0.1 or 1.0 pLt?) of 1-MCP for 3, 6, 12 or 24 h followed
by exposure to 1.0 pLtof ethylene. In general, ethylene action on alsgmisof
flowers/buds in waxflowers was significantly intdxl with the fumigation treatment
of 1-HCP when flower stems were exposed to theletleytreatment in ‘WX73’,
‘Purple Pride’, ‘WX58’, ‘WX56’ and ‘Hybridl’ waxflavers in 2014 and 2015.
Possibly, the action of 1-HCP as ethylene antagant®uld be due to the presence
of the small three-membered ring as a functionaligiwhich is a structural analogue
of 1-MCP and capable of binding to ethylene recepites (Khan, 2014). It may
also be argued that ethylene antagonism of 1-HGBdnion different genotypes of
waxflowers may be ascribed to molecular strain Whéca major factor attributed to
the effectiveness of the antagonist and the congbeuitih high strain will be able to
withdraw the electrons from the metal in the recepbnsequently binding tightly to
the ethylene receptor Fig. 7.6. (Sisler and Shaf84; Sislert al., 19964, b; Sisler
and Serek, 1997; Sislet al., 1999; Buanongt al., 2005; Sisler et al., 2009). It
maybe the existence of a double bond in this chansicucture can also be another
factor competing with ethylene for the receptor. Hig. (Sisleset al., 2006, 2009). It

is proposed that the action of 1-HCP to reduceatbscission of floral organs in
waxflowers may be ascribed to the ability of 1-H@Pcompete with ethylene for
receptor and remain for a long time thus inhibitgigylene action role as suggested
earlier by (Sisleret al. 1996a, 1999). In addition, Sislet al. (2001) have also
mentioned that substitution in 1-position is moffecive at low concentration due
to their stabilising effect. Kebenei al. (2003a) suggested that 1-HCP has a hexyl
group, which is highly electron donating and it hassix carbon atom chain
substituted in the 1-position which supports tolgmg binding time. Moreover, the
compound with more hydrophobic side chains seenmave longer activity and it is
thought that the ethylene receptors located inllancembrane and a hydrophobic
attachment probably because low diffusion from te# and the compound will
remain bonded to the ethylene receptor (Serek, 2007; Sisleet al., 2009).

Similarly, Kebenei et al. (2003a) claimed that 1-HCP protected the
(Kalanchoe blossfeldiana) longer than 1-MCP by delaying the petals in-rajli Later
on, Apelbaumet al., (2008) demonstrated that 1-HCP is one of thee$igctive
ethylene inhibitors which have been tested on tomaat avocado fruit. Sislet al.
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(2003) reported that application of 0.4 nit 1-HCP with the chain longer than five
carbon atoms was active to protect banana fruih fethylene action and delay the
fruit ripening to 20 d. As a conclusion, 1-HCP fgation exhibits antagonism to
ethylene action through a reduction in flowers/batiscission in ‘WX73’, ‘Purple
Pride’, ‘WX58’, ‘WX56’ and ‘Hybrid1’ waxflowers.

A~

1-Hexylcyclopropene GHz1s, Molecular weight: 124 g mof

Figure. 7.6. Chemical structure of 1-hexylcyclopoe GHis.

Figure.7.7. Effects of fumigation of 1-hexylcyclopene (1 uM) for 18 h and
followed by exposure to ethylene (10 putd)Lfor 24 h and the ethylene treatment
alone on flower/buds abscission of ‘Purple Prid&) ‘Purple Pride’ waxflower
stems treated with ethylene alone (10 pt) for 24 h.(B) ‘Purple Pride’ waxflower

stems treated with 1-hexylcyclopropene (1puM) fomldnd followed by exposure to
ethylene (10 pL i) for 24 h.
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CHAPTER 8

1H-cyclopropabenzene and H-cyclopropalb]naphthalene fumigation protects
different genotypes of cut waxflowers from the deimental effects of ethylene

on abscission of flowers/buds.

Abstract

Abscission of flowers/buds in different genotypésiaxflowers in postharvest
phase causes serious economic losses in Austfdl@aim was to investigate the
antagonistic effects ofH-cyclopropabenzene (BC) andLyclopropablnaphthalene
(NC) at one and different concentrations on ethg/laction in reducing abscission of
flowers/buds in different genotypes of waxfloweExperiments tested inhibitory
effects of BC and NC fumigation at 1 uM in reduciaigscission of flowers/buds
exposed to ethylene (10 pLLin different waxflower genotypes ‘WX73’, ‘WX17’,
‘WX58’, ‘WX56’, ‘WX107’, ‘Jenny’ and ‘Purple Pride’'over two flowering seasons
in 2014 and 2015. Also tested were the effectliftdrent concentrations 0.5, 1.0 and
2.0 pM of BC and NC followed by exposure to eth@éh0 pL L) on flowers/buds
abscission in ‘Purple Pride’, ‘Revelation’ and ‘Hiydl’ in 2015. In all the
experiments, the flower sprigs were fumigated sapérwith BC or NC (1 uM) using
60 L plastic drums for 18 h then 24 h exposurethglene (10 pL [Y). These results
were compared against controls bunches fumigatetBfb of BC or NC (1 uM) alone
and ethylene (10 pL't) alone. As well as untreated flower sprigs wergt ke control.
The experiments were one or two-factor factoriahptetely randomised design, with
three replications and three stems per replicafomigation of BC (1 uM) for 18 h
followed by exposure to 10 pLLof ethylene showed a significaf £ 0.05) overall
(77%) reduction in the mean abscission of floward#oin different genotypes (16.0%
‘WX73’, 0.0% ‘WX58’, 13.8% ‘WX56'% and 44.8% 'PurplPride’) as compared to
those fumigated with ethylene alone (95.1%, 68.850% and 77.4% respectively).
Similarly, mean flowers/buds abscission was sigaiftly P < 0.05) overall (94%)
decreased when the stems were fumigated with N@M} for 18 h followed by
exposure to ethylene (10 pLYLfor 24 h in different genotypes (38.1%‘WX73’,
25.5%'WX107, 8.9% WX58, 18.8%'WX56’ and 27.0% ‘PlepPride’ respectively)
as compared with ethylene treatment alone (86.84.%%, 68.9%, 85.8% and 77.4%

respectively). However, no response in reductibmean flowers/buds abscission
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was noted when ‘WX17" and ‘Jenny’ when fumigatedhvBC or NC (1 uM) for 18

h followed by exposure to ethylene (10 ut)lalone for 24 h respectively in 2014.
Amongst different concentrations 0.5, 1.0 and 2\ qf BC tested on ‘Revelation’
waxflowers, all the concentrations of BC fumigatiapplied prior to the ethylene
exposure were significantly effective in reducingan flowers/buds abscission and
the differences among the concentration were ngm{giant. Meanwhile, amongst
various concentrations of NC fumigation evaluatd@, (0.5 - 1.0 uM) fumigation
prior to the ethylene exposure significantly reduogean flowers/buds abscission at
0.5 (‘Hybrid1'7.9% and ‘Revelation'12.5%) and atM (33.3%‘Purple Pride’,
28.4%‘Hybrid1’ and 2.9% ‘Revelation’)

In conclusion, the experimental results clearly destrated the BC and NC
(0.5 -1.0 uM) are antagonists to ethylene actioapgmrent in a reduction in ethylene-
induced flowers/buds abscission in different gepesyof waxflowers but to some
degree also influenced by the sensitivity of gepettp ethylene. Thereby, BC and NC
are highly effective at low concentration (1 pM) as ethylene antagonist by
preventing the ethylene action in cut waxflower.b&h inhibitors were found to be
non-toxic they might be considered as candidateprictical use.

8.1. Introduction

Cyclopropenes are very small organic moleculesappéar to counteract with
the ethylene receptor in plants and have beendtestean ethylene antagonist in
different horticultural commaodities (Sisler and &er1997; Sisleet al., 1999; Walsh,
2005; Grichko, 2006; Sisler, 2006). Various cyctgenes such as cyclopropene, 3-
methylcyclopropene (3-MCP), 3,3-dimethylcycloproper8,3-(DMCP) and 1-
methylcyclopropene (1-MCP) have been evaluatedggeme antagonists (Sisler and
Serek, 1997; Sisler and Serek, 2000; Sisler anekS2003). Walsh (2005) reported
that cyclopropenes are commonly proposed as amtietetool to compete with
ethylene for binding to the ethylene receptor (R&mship, 2001; Sisler and Serek,
2003). The stability is the main factor in determgn the activity of ethylene
antagonists (Sisleet al., 1996a, 1996b; Sisler and Serek, 2000). However,
cyclopropenes are very unstable in the vapour stadecan also be explosive at high
temperatures (Schipperijn and Smael, 1973; SisléQ6) hence require a low

temperature to store these cyclopropenes. 1-MCRBavi€P are more stable in the
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gas phase than other cyclopropenes in the liguadgaHHowever, 3-MCP is less active
than 1-MCP and also requires higher concentratiobgbly due to the presence of the
functional methyl group at position 3 and protectsn ethylene effect only 7days
(Sisler, 2006). 1-MCP seems to be relatively moablstat room temperature (Sisler
1996a, 1996b; Sisleat al., 1999; Sisleet al., 2001). 1-MCP and 3-MCP contain a
double bond in the cyclopropene ring which camvelived inhibiting ethylene action
by interaction with the receptor site (Sisbeal., 1999; Sisler and Serek, 2000). Sisler
et al. (1996b) reported that CP (1nL/L) and 3,3-DMCP-A.® pL L! for 24 h seem
to protect cut carnation flowers from the adveif$ece of ethylene which is attributed
to the presence of the strained alkene in this adwrstructure.

1-MCP is one of cyclopropene group that apparemiy highly strained its
binds to a metal in the ethylene receptor than letiey (Sisler and Serek, 1997,
Rodriguezet al., 1999; Sisler and Serek, 2000) and used comntigraman effective
blocker of ethylene action to delay senescencenaroental and other horticultural
crops (Sisler and Serek., 1997; Blankenship an&;03; Watkins, 2008). 1-MCP
is the effective ethylene inhibitor which competeigh ethylene for receptors thus,
leading to an inhibition of ethylene responses|¢bit al., 1996a; Sisler and Serek,
1997; Blankenship, 2001; Sisler and Serek, 2003ghSaakha, et al., 2004).
Blankenship and Dole (2003) found that 1-MCP idifk®s more efficient in binding
to the ethylene receptor than ethylene. It acteeay low concentrations to hinder
ethylene responses in different plants at the tecégvel even for very high amounts
of ethylene (Sisler and Serek, 1997; Sisler an@k&000; Blankenship and Dole,
2003).

Various reports have been published documentingtisgtive and negative
effects of application of 1-MCP in ornamentals swhAntirrhinum majus and
Alstroemeria spp. (Sereket al., 1995a) Gypsophila paniculata L. ‘Perfecta’, ‘Gilboa’,
and ‘Golan’ (Newmaret al., 1998) Dianthus caryophyllus L. (Asil et al., 2013),
Curcuma erauginosa Roxb. (Chutichudett al., 2010), Campanula carpatica and
Kalanchoe blossfeldiana Poelln. (Sisleet al., 1999),Hibiscus rosa-sinensis L. (Reid
et al., 2002) and.ilies (Celikel et al., 2002). Macnistet al. (2010) reported that the
Hybrid Tea rose treated with 1-MCP resulted in @ctohg rose flowers against
exogenous ethylene on day 6 of dry transport. 4o ddas various limitations that

121



Chapter 8:1H-cyclopropabenzene and 1H-cyclopropa[llaphthalene

prevent its widespread use in agriculture (Goeeral., 2008). 1-MCP is highly
unstable the longevity of its action is affected dgnotype, its short-term residual
activity in some plants, is highly expensive anltiss a service not a chemical, and
can be applied as a fumigation not as a dip orys{8esler and Serek, 1997; Macnish
etal., 2004b; Sisleet al., 2006; Ebrahimzadedt al., 2008; Gorert al., 2008; Seaton
and Poulish, 2010) as also explained in Chapt8ebtion 5.1 and Chapter 7, Section
7.1.

Kader (2001) stated that there are several stegegipostharvest technology
to reduce the damage in quantity and quality betwtbe harvest and customers.
Scariotet al. (2014) mentioned a number of approaches can &e tasreduce the
ethylene production or inhibit its action to prafptine postharvest life of flowers. As
suggested by Ebrahimzadettal. (2008) the search for new analogues such as 1-MCP
might lead to prolonging the vase life in carnatilonvers yet must be easy to apply,
economically viable and environmentally friendlyd-tyclopropabenzene (BC) and
1H-cyclopropab]naphthalene (NC) are two of the most highly sedimembers of
the cyclopropene group and represented more stabipounds (Ullman and Buncel,
1963; Halton, 1973). Also, there is no significdifterence between BC and analogue
NC in chemical structure as both contain the be@zerd cyclopropene ring and a
double bond.

Earlier, preliminary research on the beneficiéetf of BC (50 -100 nL )
fumigation on inhibiting flowers/buds abscission\WiX73" and ‘WX17’ waxflower
has been reported by Khan (2014). Waxflowers vargheir sensitivity to ethylene
among genotypes as reported earlier by Maagtiah (2004a) and. uncinatum x C,
micranthum cv. ‘Sweet Georgia’ an€. uncinatum cv. ‘Early Nir’, ‘Paddy’s Late’,
‘Purple Pride’, ‘CWA Pink’ and ‘Early Hard’ were ginly sensitive to ethylene.
However, no research work has been reported ceffibets of different concentrations
of BC and NC fumigation on flowers/buds abscissiondifferent genotypes of
waxflowers which differ in their sensitivity to eflene. It was hypothesised that BC
and NC may act as an ethylene antagonist depengioig the concentration applied
in inhibiting abscission of flowers/buds in diffate genotypes of waxflowers.

Therefore, the effects of different concentrati@isBC and NC on abscission of
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flowers/buds in different genotypes of waxflowergres investigated during two

consecutive years.
8.2. Materials and Methods
8.2.1. Sources of chemicals

1H-cyclopropabenzene (BC) andHxyclopropab]naphthalene (NCJig.8.11 were
synthesised by Dr Alan Payne and his research gabtlfg Department of Chemistry,

Curtin University.
8.2.2. Plant material

Fresh sprigs of different ‘Geraldton wax’ genotyp®§X73’, ‘WX17’,
‘WX56’, ‘WX58’, ‘WX107’, ‘Purple Pride’, ‘Revelatian’, ‘Jenny’ and ‘Hybrid1’ were
picked up from more than five mature bushes growtheDepartment of Agriculture
and Food Western Australia (DAFWA), South PerthMedina Research Station
(31°59'18'S, 115°53'E) and used in different expents.

8.2.3. Harvesting flowering stems

During the experimental period, the flowering stef®8 to 70 cm long) of
different genotypes were harvested with flowersnp@eranged in the early morning
and held in buckets containing clean tap watemSteere arranged randomly with
ends re-cut to 30 cm in length (from cut ends &oektreme open flowers) under water
with secateurs and stood in buckets of water aed ghaced in 600 ml glass beakers
containing distilled water ready for treatments.rceatage of open flowers of
genotypes fumigated with BC and NC compounds dwibig and 2015 are indicated
in Table. 8.1.
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Table. 8.1. The percentage of open waxflowers@emsiat the time of harvest different

genotypes used in different experiments in 2014241db.

Chemical | Year | Genotypes Open flowers on the stem (%)

BC 2014 ‘WX73’ 87.3+11.8%
2014 ‘WX17° 65.3+19.5%
2015 ‘WX56’ 69.3+14.9%
2015 ‘WX58’ 78.2+11.4%
2015 | ‘Purple Pride’ 67.8+6.60%
2015 ‘Revelation’ 83.4+15.8%

NC 2014 ‘WX73’ 80.2+15.4%
2014 ‘WX107 99.9+0.36%
2014 ‘Jenny’ 90.2+9.38%
2015 ‘WX56’ 71.9+13.3%
2015 ‘WX58’ 81.8+8.7%
2015 | ‘Purple Pride’ 67.3£7.6%
2015 ‘Hybridl’ 97.1+4.4%
2015 ‘Revelation’ 81.9+15.6%
2015 | ‘Purple Pride’ 68.4+8.8%

(x) = Standard error of the mean (:

8.2.4.Experiments

8.2.4.1. Experiment 1: Effect of 1H-cyclopropabenzene (BC) fumigation on
flowers/buds abscission of ‘WX73’ and ‘WX17’ in 204.

In 2014, the flower stems of ‘WX73’ were exposeditfterent treatments such
as fumigation with ethylene (10 pLY.alone for 24 h, BC (1 uM) fumigation alone
for 18 h and BC (1 uM) fumigation for 18 h followbeg exposure to ethylene (10 pL
LY) 24 h. Untreated flower sprigs served as a carB®land ethylene fumigation was
applied to flower stems in 60 L plastic drums aplaxed in detail in Chapter 5,
Section 5.2.4. The experiment was designed follgwao factors (treatment and time)
factorial completely randomised design. Each treatrwas replicated three times and
three stems were included in each replicate. Flellvads abscission was recorded
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daily for four consecutive days. Flowers/buds ason was expressed as a
percentage of total flowers/buds present. The skoexperiment in 2014 was

conducted using the ‘WX17’ genotype keeping theestneatments and experimental
design as in the first experiment. Flowers/budsiabsn was recorded for four days

at one-day intervals.

8.2.4.2. Experiment 2:Effect of 1H-cyclopropabenzene (BC) fumigation on
flowers/buds abscission in ‘WX58’, ‘WX56’and ‘Purple Pride’ in 2015.

The effectiveness of BC fumigation as an ethylem@gonist on inhibiting
flowers/buds abscission was investigated in threependent experiments using
‘WX58’, ‘WX56’ and ‘Purple Pride’ waxflowers during015. All the treatments and
experimental design for these three experimentse veamilar to Experiment 1.
Flowers/buds abscission was recorded for four @yme-day intervals in all three

experiments and expressed as a percentage.

8.2.4.3. Experiment 3: Effect of different concemations of 1H-
cyclopropabenzene (BC) fumigation on abscission @ibwers/buds in ‘Revelation’
in 2015.

‘Revelation’ waxflower stems were fumigated witHfelient concentrations
0.5, 1.0 and 2.0 puM of H-cyclopropabenzene alone for 18 h, alH-1
cyclopropabenzene treated flowers stems were eslgosethylene (10 pLt) for 24
h, and ethylene fumigation alone. Untreated flogterns were treated as a control.
The application of BC and ethylene fumigation tmeatts has been explained in
Chapter 5, Section 5.2.4. The experiment was cdaduas a one-factor factorial
completely randomised design, with three replicetiand three stems per replication.
Flowers/buds abscission was recorded on day thiteeteeatments and expressed as
percentage flowers/buds abscission as explain€hapter 5, Section 5.2.4.

8.2.4.4. Experiment 4: Effect of H-cyclopropalb]jnaphthalene (NC) fumigation
on flowers/buds abscission in ‘WX73’ and ‘WX107’ ad ‘Jenny’ in 2014.

The ‘Jenny’ flower sprigs used in this experimeittibited 90.2 + 9.38% open
flowers and sprigs were treated with 1 uM NC furtijaalone for 18 h, exposure to

ethylene alone for 24 h and NC (1 uM) fumigation I8 h followed by exposure to
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10 pL Lt of ethylene for 24 h. Flower stems were also keptrasntreated control.
The flower sprigs were fumigated in separate 6@luwe plastic drums as explained
in Chapter 5, Section 5.2.4. The experiment waanged in two - factor (treatments
and time) factorial completely randomised desigRI)}. Three replications and three
stems per replication were used for each treatmEffects of treatments on
flowers/buds abscission were noted in each tredtrf@nfour consecutive days.
Flowers/buds abscission was expressed as a pageemtao independent experiments
were conducted using ‘WX73" and ‘WX107’ genotypesflowering season 2014
keeping all the experimental treatments and deaggmentioned in Experiment 4.
Flowers/buds abscission was recorded over four.days

8.2.4.5. Experiment 5: Effect of H-cyclopropa[b]naphthalene (NC) fumigation
on flowers/buds abscission in ‘WX58’, ‘WX56’ and ‘Rirple Pride’ in 2015.

‘WX58’ stems displaying 81.8 + 8.7 % open flowerere used in this
experiment to assess the inhibitory effect of fuatimn with NC. The sprigs were
treated with NC alone, ethylene alone and NC foldvby exposure to ethylene in
2015 as explained in Experiment 4. Untreated flavgestems were kept as a control.
Flowers/buds abscission was noted over four dagsetday intervals and expressed
as a percentage. Two other independent experinveaits repeated on genotype
‘WX56’ and ‘Purple Pride’ waxflowers open flowera the shoots 71.9 + 13.3% and
67.3 £ 7.6% respectively using the same treatmants experimental design as
mentioned in Experiment 4. The percentage of fleyiids abscission in each

replication was calculated daily over four daysietiled earlier.

8.2.4.6. Experiment 6: Effect of different concenttions of -
cyclopropafb]naphthalene (NC) fumigation on flowers/buds abscgon in ‘Purple

Pride’, ‘Hybrid1’ and ‘Revelation’ genotypes of waxflowers in 2015.

In 2015, the efficacy of different concentration§,01.0 and 2.0 uM of NC
fumigation alone for 18 h and all the NC treatemviér sprigs were also fumigated
with ethylene (10 pL &) for 24 h, and ethylene fumigation alone. Untrddtewer
sprig was considered as a control. The detailethiodedf NC and ethylene fumigation
has been explained earlier in Chapter 5, Sectid@ 5The experimental layout was

one-factor factorial completely randomised desigh.the treatments and control
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included three replications. Three stems were dedu in each replication.
Flowers/buds abscission was noted on day two &#atments and expressed as a
percentage also explained in Chapter 5, Sectio.8.2Two additional independent
experiments were conducted to test the efficaayiftérent concentrations of NC in
protecting from the detrimental effects of ethyleme flowers/buds abscission in
‘Hybrid1’ and ‘Revelation’ waxflowers. The same eximent was repeated with the
same treatments and experimental design on twotgses All the treatments and
experimental designs were similar to those usdekperiment 6. The observation of
flowers/buds abscission was recorded on day twanth experiments and expressed
as percentage flowers/buds abscission.

8.2.5. Experimental design and statistical analysisf data

Depending upon the experiment, the data was arthlygag one or two - way
analysis of variance (ANOVA) using the statistigglckage GeneStat "4edition
(Lawes Agricultural Trust, Rothamsted Experimerghtion, UK). The effects of
different treatments, time and their interactiorrevassessed using LSD, which was
calculated following significant F-tesP (< 0.05). Duncan’s Multiple Range Test was

also used to distinguish the differences amondrtreats.
8.3. Results

8.3.1.Experiment 1 and 2: Effect of H-cyclopropabenzene (BC) fumigation on
mean flowers/buds abscission in ‘WX73’, ‘WX58’, ‘WX56’, ‘Purple Pride’ and
‘WX17' genotypes of waxflower in 2014 - 2015.

Mean flowers/buds abscission over four days wasifggntly (P < 0.05)
higher (95.1%, 68.8%, 85.9% and 77.4%) when thedtstems of ‘WX73’, ‘WX58’,
‘WX56’ and ‘Purple Pride’ fumigated with exogencethylene (10 pL L) alone for
24 h, as compared to untreated flowers (2.2%, 1 8% and 43.4% respectively)
and all other treatments in 2014/2015 Fig. 8.1A &gl 8.2. While the sprigs
fumigated with 1 pM BC for 18 h followed by 24 hexfposure to 10 pLtexogenous
ethylene significantlyR < 0.05) decreased mean flowers/buds abscission theal
genotypes tested (16.0%'WX73’, 0.0%'WX58’, 13.8% XB6’ and 44.8%'Purple
Pride’) as compared to those fumigated with ethy/eeatment alone (95.1%, 68.8%,
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85.9% and 77.4% respectively) Fig. 8.1 and 8.2. &él@w, in ‘WX17’, the BC (1 pM)
fumigation for 18 h followed by 24 h of exposurel® puLL? of ethylene did not
significantly reduce flowers/buds abscission (9%042ompared to ethylene treatment
alone (100.00%) Fig. 8.1.
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Figure. 8.1. Effects of fumigatioof 1H-cyclopropabenzene (1 uM), ethylene (10 uL
L-Y) alone and H-cyclopropabenzene followed by exposure to ethy{@fguL L) on
mean flowers/buds abscission in (A)’'WX73’ and (BJX17’ waxflower during 2014.
Vertical bars represent SE, C = control, E = ethglalone (10 pL t), BC = H-
cyclopropabenzene alone, BC + E H-t&yclopropabenzentimigation followed by

ethylene.
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Figure. 8.2. Effects of fumigation oHtcyclopropabenzene (1 uM), ethylene (10
uL L) alone and H-cyclopropabenzene followed by exposure to ethy(@0euL
LY) on mean flowers/buds abscission in (C) ‘WX58")'¥®X56’ and (E) ‘Purple
Pride’ waxflower during 2015. Vertical bars repnmes8E, C = control, E = ethylene
alone (10 pL t}), BC = mMH-cyclopropabenzene alone BC + E H-1
cyclopropabenzenf@migation followed by ethylene.
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8.3.2. Experiment 1 and 2: Effect of H-cyclopropabenzene (BC) fumigation on
cumulative flowers/buds abscission in ‘WX73’, ‘WX17, ‘WX58’, ‘WX56’ and
‘Purple Pride’ genotypes of waxflowers in 2014 an@015.

As expected, the flower sprigs of ‘WX73’, ‘WX17'WX58’, ‘WX56" and
‘Purple Pride’ fumigated with ethylene (10 pLYLalone promoted cumulative
flowers/buds abscission from day one to day fodt% to 95.20%, 100% to 100%,
57.6% to 74.6%, 83.9% to 86.8% and 75.5% to 79d38pactively) during the season
2014/2015 Fig. 8.3 and Fig. 8.4. Untreated flowsns exhibited the lowest
cumulative flowers/buds abscission (0.72% to 3.2%6% to 56.4%, 0.4% to 2.9%,
4.91% to 9.8% and 39.8% to 46.5%) in ‘WX73’, ‘WX1TWX58’, ‘WX56’ and
‘Purple Pride’ respectively during four days. Mednile, cumulative flowers/buds
abscission over four days was significantly redud&d3% to 16.9%, 0.00% to 0.00%,
10.5% to 17.8% and 29.6% to 50.9%) when the flospgigs of ‘WX73’, ‘WX58’,
‘WX56’ and ‘Purple Pride’ respectively were fumigdtwith BC (1 uM) for 18 h
followed by exposure to ethylene (10 ptY)Lfor 24 h as compared to the ethylene
fumigation alone during 2014 and 2015 Fig. 8.34.MA.4 C, D and E. In ‘WX17’
there was no significant difference between the wdative flowers/buds abscission
over four days in ethylene treatment alone and dgation with BC (1 uM) followed
by exposure to ethylene (10 pY)for 24 h during 2014 Fig. 8.3B.
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ethylene.

132



Chapter 8:1H-cyclopropabenzene and 1H-cyclopropa[llaphthalene

8.3.3. Experiment 3: Effects of different concentraons of 1H-cyclopropabenzene
fumigation alone and H-cyclopropabenzene fumigation followed by exposur®

ethylene on flowers/buds abscission of ‘Revelatiomaxflowers in 2015.

Unsurprisingly, the ethylene fumigation alone fesiin the significantly®

< 0.05) highest flowers/buds abscission (47.1%) aepared to untreated control
stems (5.9%) on day three after treatments in ‘Réio®’ waxflower in 2015 Fig.
8.5A. All the three 0.5, 1.0 and 2.0 uM conceindreg of BC fumigation for 18 h and
followed by exposure to 10 pLLof ethylene for 24 h have significantly reduced
flowers/buds abscission as compared to the ethgleme on day three in ‘Revelation’
waxflower. The differences among different BC fuatign treatments followed by
ethylene fumigation in reducing flowers/buds absiois were non-significant but BC

(1 uM) fumigation was most effective Fig. 8.5A.

A 'Revelation'
~ 100
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S
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g 40 | !
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Figure. 8.5. Effects of different concentrations,.0 and 2.0 uM of fumigation oHt
cyclopropabenzene or ethylene (10 ut) lalone and Hi-cyclopropabenzene treatment
followed by exposure to ethylene (10 pLY)Lon flowers/buds abscission in (A)
‘Revelation’ waxfloweron day three after treatments in 2015. Verticaslvapresent SE,
C = control, E = ethylene alone (10 pt}),. BC = HH-cyclopropabenzene alone, BC + E
= 1H-cyclopropabenzene fumigation followed by ethylene.
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8.3.4. Experiment 4 and 5: Effect of 1H-cyclopropalblnaphthalene (NC)
fumigation on mean flowers/buds abscission in ‘WX73 ‘WX107’, ‘Jenny’,
‘WX58’, ‘WX56’ and ‘Purple Pride’ genotypes of waxflower in 2014 - 2015.

The possibility of NC acting as ethylene antagomss evaluated on six
genotypes differing in their sensitivity to ethyéeduring two consecutive flowering
seasons 2014 and 2015. The flowering sprigs of A/IXWX107’, ‘WX58’, ‘WX56’
and ‘Purple Pride’ treated with ethylene (10 pt)lalone for 24 h resulted in the
significantly P < 0.05) highest mean flowers/buds abscission ouardays (86.9%,
73.14%, 68.8%, 85.9% and 77.4% respectively) inttedl genotypes examined as
compared with the untreated control stems (8.15264%, 1.3%, 7.1% and 43.4%
respectively) during 2014/2015 Fig. 8.6 A and B. B.7 D, E and F. Meanwhile, the
flower stems of ‘WX73’, ‘WX107’, ‘WX58’, ‘WX56’ and‘Purple Pride’ fumigated
with of NC (1 uM) for 18 h followed by exposure10 pL L of ethylene alone for
24 h showed significantlyP(< 0.05) reduced mean flowers/buds abscission (38.1%
‘WX73", 25.5% ‘WX107’, 8.9% ‘WX58’, 18.8% ‘WX56’ ad 27.0% ‘Purple Pride’)
when compared with ethylene treatment alone fdn 24d all other treatments during
four days Fig. 8.6 A and B. Fig. 8.7 D, E and Fediwhile, such a response in
reduction of mean flowers/buds abscission with N@ifjation followed by exposure

to ethylene in ‘Jenny’ waxflower was not noted dgrR014 Fig. 8.6C.
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Figure. 8.6. Effects of fumigation oflH-cyclopropab]naphthalene (1 pM),
ethylene (10 pL ) alone and H-cyclopropablnaphthalene followed by
exposure to ethylene (10 pLYLon mean flowers/buds abscission in (A)WX73,
(B)'WX107" and (C)'Jenny’ waxflower during 2014. Ytecal bars represent SE,
C = control, E = ethylene alone (10 p)L. NC = H-cyclopropap]naphthalene
alone, NC + E = H-cyclopropab]naphthalene fumigation followed by ethylene
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Figure. 8.7. Effects of fumigation oHtcyclopropablnaphthalene (1 uM), ethylene
(10 pL LY alone and H-cyclopropablnaphthalene followed by exposure to
ethylene (10 pL tX) on mean flowers/buds abscission in (D)'WX58’, (BJX56’
and (F) ‘Purple Pride’ waxflower during 2015. Vedi bars represent SE, C =
control, E = ethylene alone (10 pLY), NC = H-cyclopropap]naphthalene alone,
NC + E = H-cyclopropab]naphthalenéumigation followed by ethylene.
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8.3.5. Experiment 4 and 5: Effect of H-cyclopropa[bjnaphthalene (NC)
fumigation on cumulative flowers/buds abscission iIfWX73’, ‘WX107’, ‘Jenny’,
‘WX58’, ‘WX56’, ‘Purple Pride’ genotypes of waxflower in 2014 -2015.

The effects of NC (1 uM), ethylene (10 pti)lalone and combination of NC
followed by exposure to ethylene (10 pit)lon cumulative flowers/buds abscission
during a four-day period was evaluated in ‘WX73y¥X107’, ‘Jenny’, ‘WX58’,
‘WX56’ and ‘Purple Pride’ waxflowers during 2014 car2015. As expected, the
highest cumulative flowers/buds abscission (86.9%87.4% ‘WX73’, 67.7% to
77.7% ‘WX107’, 57.6% to 74.6% ‘WX58’, 83.9 to 86.7%/X56" and 75.5% to
79.1% ‘Purple Pride’) was observed in ethyleneta@dlowers (10 pL 1) alone for
24 h as compared to the control (4.4% to 12.3%8/63@®20.2%, 0.4% to 2.3%, 4.9%
to 9.8%, and 39.7% to 46.5% respectively) Fig. 8.8nd B. Fig. 8.9D, E and F.
Meanwhile, the flowers sprigs of ‘WX73’, ‘WX107'WX58', ‘WX56’, and ‘Purple
Pride’ fumigated with 1 uM of NC and followed by pmosure to 10 pL £ of
exogenous ethylene for 24 h exhibited significantiecreased cumulative
flowers/buds abscission over four day (29.5% td3%1. " WX73’, 12.8% to 37.1
‘WX107’, 3.3% to 11.7% ‘WX58’, 22.8% to 17.6% ‘WX5&nd 23.1% to 28.6%
‘Purple Pride’ ) Fig. 8.8 A and B. Fig. 8.9D, E aRd Whilst ‘Jenny’ genotypes
exhibited the highest (100% to 100% and 98.5% @d0cumulative flowers/buds
abscission from day one to day four when the stemase exposed to ethylene
treatment (10 pL £) alone and when fumigated with 1 uM of NC anddaid by
exposure to 10 pL L of ethylene for 24 h as compared to untreatedrobatems
during 2014 Fig. 8.8C.
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Figure. 8.8. Effects of fumigation ofHtcyclopropab]lnaphthalene (1 puM) or
ethylene (10 pL ) alone and H-cyclopropap]naphthalene (1 uM) followed by
ethylene (10uL 1Y) on cumulative abscission of flowers/buds four siafter
treatment in (A) ‘WX73’, (B) ‘WX107" and (C) ‘Jennywaxflower in 2014. n =
three replications (three stems per replicatioytizal bars represent SE. C =
control, E= ethylene alone (10 uLY), NC = H-cyclopropap]naphthalene alone,
NC + E = H-cyclopropab]naphthalene fumigation followed by ethylene.
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Figure. 8.9. Effects of fumigation ofHtcyclopropap]naphthalene (1 uM) or
ethylene (10 pL 1) alone and H-cyclopropap]naphthalene (1 uM) followed by
ethylene (10 pL 1) on cumulative abscission of flowers/buds four siajter
treatment in (D) ‘WX58’, (E) ‘WX56’ and (F) ‘PurplBride’ waxflower in 2015.
n = three replications (three stems per replicatioartical bars represent SE. C =
control, E = ethylene alone (10 pt), NC = HH-cyclopropab]naphthalene alone,
NC + E = H-cyclopropab]naphthalene fumigation followed by ethylene.
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8.3.6. Experiment 6: Effects of different concentraons of 1H-
cyclopropalb]naphthalene fumigation alone and H-cyclopropalbjnaphthalene
fumigation followed by exposure to ethylene on floers/buds abscission of

‘Purple Pride’, ‘Hybrid1’ and ‘Revelation’ waxflowe rs in 2015.

The flowers bunches treated with ethylene treatradarie for 24 h showed
significantly P < 0.05) highest mean flowers/buds abscission (8388#% and
45.9% in ‘Purple Pride’, ‘Hybrid1l’ and ‘Revelatioméspectively) as compared to
untreated control flowers (2.0%, 8.0% and 2.5% eetpely) Fig.8.10A, B and C.
‘Purple Pride’ and ‘Revelation’ flower stems fumigd with of H-
cyclopropablnaphthalene (1.0 uM) followed by ethylene expos(k® pL L?)
resulted in significantly® < 0.05) lowest flowers/buds abscission on the seciayd
after the treatments as compared to other condemsa of MH-
cyclopropablnaphthalene applied Fig. 8.10A and C. Meanwhiie, ftower stems of
‘Hybrid1’ fumigated with of H-cyclopropab]lnaphthalene (0.5 uM) followed by
ethylene exposure for 24 h resulted in significar(® < 0.05) reduced mean
flowers/buds abscission on day two as comparetidmther concentrations oH1
cyclopropablnaphthalene fumigation applied Fig. 8.10 B. In gah of H-
cyclopropab]naphthalene fumigation (0.5 and 1.0 uM) was thestedfective in
reducing adverse effects of ethylene in curtailingan flowers/buds abscission as
compared to all other treatments except contrtfiyiorid1’, ‘Revelation’ and ‘Purple
Pride’ during 2015.
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Figure. 8.10. Effects of different concentrations,@..0 and 2.0 uM of fumigation NC or
ethylene (10 pL 1) alone and NC treatment followed by exposure gylehe (10 pL i)
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cyclopropab]naphthalene fumigation followed by ethylene.
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8.4. Discussion

Cyclopropenes and their alkyl derivatives havemdgdeen shown to interact
with the ethylene for receptor and their abilityitdibit ethylene-induced different
responses in plant tissues (Saleh-La&hal.,2004; Sisleret al., 2006; Apelbaunet
al., 2008; Reid and Staby, 2008; Sisterl., 2009). Earlier, Sisler (2008) reported
that the molecular structure was an essential factaffect the reactivity of the
cyclopropene group. Previously, Sisétral. (2001) claimed that molecule structure,
size, shape, high ring strain, presence of thetiommal groups, level of saturation,
hydrophobicity and number of double bonds locatiear to functional groups seem
to play important role in the activity of a compaluas an ethylene inhibitor (Sisler,
2008).

BC fumigation (1 uM) for 18 h prior to the 24 h exposure to ethylene
treatment was markedly effective in reducing flosfieuds abscission in ‘WX73’,
‘WX58’, ‘WX56’ and ‘Purple Pride’ genotypes of wdrfvers as compared to those
fumigated with ethylene (10 pL%) alone in 2014 and 2015 Fig. 8.1 A and Fig. 8.2 C,
D and E. Similarly, NC (1 uM) fumigation for 18 aliowed by exposure to ethylene
(10 pL L) alone for 24 h decreased the mean flowers/budsisgion in ‘WX73’,
‘WX107’, ‘WX58’, ‘WX56’ and ‘Purple Pride’ genotypeas compared with ethylene
treatment alone for 24 h during 2014 and 2015 &®A and B . Fig. 8.7 D, E and F.
There was a significant reduction in ethylene-iretldlowers/buds abscission in
waxflower genotypes using new potent ethylene amtizgs BC or NC which, may be
attributed to their structural molecular strainamganising the effect of ethylene as
reported about cyclopropene compounds earlier BlefSand Serek, 1997; Sisler,
2008; Sislert al., 2009). Because both compounds contain the cyap@me ring as
the functional group Fig.8.11. Which, render theotept inhibitors for blocking
ethylene action, BC has a much higher strain védae cyclopropene (52.6 kcal mol
1y (Halton, 1973; Bach and Dmitrenko, 2004). Eayl&isleret al. (2006) reported that
the energy strain seems to be the main associaiedrfin the activity of the
antagonists in blocking the ethylene receptorsi@mitbits ethylene action beside some
other factors (Sisler, 2008). According to Sisled &erek, (1997) mode of action of
these compounds containing the cyclopropene rirginidar to 1-MCP as they can
bind to ethylene receptor sites irreversibly. I teeen demonstrated by some other
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studies that ring strain of these ethylene antageneacts with co- factor (Cu) present
in the ethylene receptor ETR1 sites, which ultinyatleads to very strong bonding
(Rodriguezgt al., 1999; Pirrunget al., 2008; Reid and Celikel, 2008). Sisler (2008)
reported that the inhibitory effect of ethyleneagytnists is due to the ring strain. Due
to the ethylene, antagonistic potential of BC and dbmparable to 1-MCP, it is
supposed these both these compounds made an sitdeebond with ethylene
receptor sites and their double bond may causeamtivation of ethylene receptors
(Sisler, 2008). Contrarily, BC or NC (1 uM) fumigation fo8 h followed by 24 h of
exposure to ethylene (10 pt).did not reduce the flowers/buds abscission in WX
and ‘Jenny’ respectively Fig. 8.1B and Fig. 8.@Ptbably these genotypes are much
more sensitive to ethylene because of their ingetitait as reported earlier (Macnish
et al., 2004a).

Amongst three different concentrations 0.5, 1.0 &8 pM of H-
cyclopropabenzene fumigation for 18 h followed by 12 exposure to 10 pLL
ethylene tested, all the concentrations of BC tneats significantly reduced mean
flowers/buds abscission in ‘Revelation’ waxflowesmpared to the ethylene alone
treatment but the differences among different cotrations of BC applied did not
differ significantly Fig. 8.5A. Similarly, Khan (2@!) reported that ‘WX17' and
‘WX73’ genotypes fumigated with 50 ntlto 100 nL ! of BC and followed by
ethylene exposure (10 pLY) exhibited significantly lower abscission of thewers
to the fourth day compared to those treated wihilehe alone. Among three different
concentrations 0.5 and 1.0 uM of NC fumigation adsfollowing by ethylene
exposure for 24 h 0.5 and 1.0 uM concentration® e most efficient in lessening
mean flowers/buds abscission as compared to adr athatments except control in
‘Hybridl’, ‘Revelation’ and ‘Purple Pride’ duringd25 Fig. 8.10 B,C and A.

In conclusion, the experimental results demonsiratbat the H-
cyclopropabenzene oHcyclopropab]naphthalene are antagonists to ethylene action
as evident by reduction in ethylene-induced flowmrds abscission in different

genotypes of waxflowers but dependent upon thetgpedo some degree Fig. 8.12.
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1. 2.@

1. 1H-cyclopropab]naphthalene, (GHs) Molecular weight: 140.2 g md|
2. 1H-cyclopropabenzene, {8s) Molecular weight: 132.2 g mdl

Figure.8.11. Chemical structureld-tyclopropap]naphthalene andH:cyclopropabenzene.

144



Chapter 8:1H-cyclopropabenzene and 1H-cyclopropa[llaphthalene

........ : ¥ b
e e e U Gwive L4 2 Ww
Fivs 4 chay

] xsé-

. ) Ay
n*ﬂ. " A
e ) G B
AT Y3

Firs O—d‘j E

e c;ﬁl“-h“aw
Tansd dhady

Padle Pride. B g

Figure. 8.12. Effects of fumigation of BC and NCW) for 18 h and followed by
exposure to ethylene (10 pL')Lfor 24 h and the ethylene treatment alone on
flower/buds abscission ‘WX56’, ‘Purple Pride’ anRevelation’ waxflowers. (A)
‘WX56’ waxflower stems treated with BC (1 uM) fo8 h and followed by exposure
to ethylene (10 pL t) for 24 h. (B) ‘WX56'waxflower stems treated wigthylene
alone (10 pL ) for 24 h. (C) ‘Purple Pride’ waxflower stems tie withethylene
(10 pL LY alone for 24 h. (D) ‘Purple Pride’ waxflower stertreated with NC (1
uM) for 18 h and followed by exposure to ethyled® L LY) for 24 h. (E)
‘Revelation’ waxflower stems treated with BC (1 pKéy 18 h and followed by
exposure to ethylene (10 pLY)for 24 h. (F) ‘Revelation’ waxflower stems tregte
with ethylene (10 pL £) alone for 24 h.
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CHAPTER 9

Effect of fumigation of 1H-cyclopropa[b]naphthalene, H-cyclopropabenzene
trans-cinnamaldehyde and 1-hexylcyclopropene on floweghf vase life of

‘Crystal Pearl’, ‘Lady Stephanie’, ‘Purple Pride’ and ‘WX74’ waxflower.

Abstract

Flowers senescence is the main limiting factothm supply chain of various
species of potted and cut flowers. The aim of #tigly was to assess the effect of
fumigation with new ethylene antagonists (NC, B@& énd 1-HCP) on extending
the vase life of ‘Crystal Pearl’, ‘Lady StephanieRurple Pride’ and ‘WX74’
waxflower. The study also aimed to evaluate thtuarfce of fumigation with CA,
NC and 1-HCP alone and in combination with vasatgwmis of distilled water (DW)
and supplemented with 8-HQS, sucrose and fructosase life of flowers/leaves of
waxflowers. In the first experiment, flower sprigere fumigated with different NC,
BC , CAand 1-HCP ethylene antagonists (1 uM forl8 h) wdd by placement in a
vase solution of DW. In the second experiment, floeer sprigs of ‘WX14’ and
‘WX74" were fumigated with CA, NC or 1-HCP for18fbllowed by placement in
vase solutions containing distilled water, 8-HQ®Q(1mg L), sucrose and/or
fructose (58.5 uM). The 1-HCP treatment was mofectfe in extending flower
vase life in ‘Crystal Pearl’, ‘Lady Stephanie’, ‘Ble Pride’ and ‘WX74’ waxflowers
when kept in DW alone compared to the other thiesmicals (mentioned above).
Meanwhile, NC and 1-HCP fumigation were more effecin extending leaf vase
life of these four genotypes as compared to DW @heér vase solution treatments.
‘Crystal Pearl’, ‘Lady Stephanie’ and ‘WX74’ genpgs were more responsive to
ethylene antagonist fumigation treatments compsreBurple Pride’ in prolonging
flower and leaf vase life. In the second experim#re flowering stems of ‘WX74’
and ‘WX14’ fumigated with 1-HCP or CA followed bygzement in vase solutions
containing both sucrose and 8-HQS or followed bM@S or DW exhibited the
longest mean flower and leaf vase life as compsveall other treatments and non-
fumigated controls. In conclusion, 1-HCP or NC fgation treatments in DW alone
or 1-HCP or CA fumigation in combination in vaséusions containing sucrose and
8-HQS were the most effective treatments for extenélower/leaf vase life of cut

waxflower genotypes.
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9.1. Introduction

Geraldton waxflower Chamelaucium uncinatum Schauer.) is one of the
major native cut flowers in Australia due to itslueas a cut flower and its
availability in many colours for export throughaiie world (Newellet al., 1999;
Gollnow and Worrall, 2010; Seaton and Poulish, 2(8®&aton, 2012). However, a
major cause of quality deterioration in waxflowsrhigh flowers/buds abscission on
cut flower sprigs during marketing consequentlyrsdrong the vase life and limiting
trade (Joyce, 1993; Macnish al., 2000b; Beasley and Joyce, 2002). Consumers
prefer high-quality flowers with maximum vase l{felhindi, 2012; Mahmooeét al.,
2015). Short postharvest vase life is one of thrernon problems of cut flower crops
and waxflowers are sensitive and vulnerable to haosest losses such as
senescence, leaf yellowing, premature wilting, nsgabscission and diseases caused
by fungal pathogens (Seaton and Poulish, 2010; gibdrad Asil, 2011; Kazemnst
al., 2011; Scariott al., 2014).

Flower vase life is influenced by genetic fact@sch as vase life of different
cultivars of native waxflowers varying from 7 to 3flays while for hybrid
waxflowers variation is from 17 to 30 days (Seatand Poulish, 2010). In
Verticordia, vase life of flowers of different genotypes variemm 5 to 19 days and
for leaves from 5 to 30 days (Seaton, 2006). Whikese life of hybrid tea rose
varies from 4.5 to 18.8 days (Macniatal., 2010) depending on water uptake ability
and the internal carbohydrate levels (Halevy angaka1981; Kazuat al., 2005).
The vase life of cut flowers is also influencedflower handling methods (Pizano,
2009), growing conditions such as temperature, tlighutrition (Celikel and
Kraracaly, 1995) and the presence of blockage myessels (Edrist al., 2012;
Hassan and Ali, 2014; Mahmoatlal., 2015). However, ethylene plays a key role in
promoting senescence in various flowers (Ichimetaal., 2002; Muller and
Stummann, 2003; Seredt al., 2006; Asil and Karimi, 2010; Seglet al., 2010;
Scariotet al., 2014) and so affects vase life. Senescence slksortse life of various
cut flowers and leaves and consequently limitirgjrtmarketability (van Doorn and
Wothering, 1991; Bowyer and Wills, 2003). Ethyleim&s also been implicated in

accelerating flower/leaf abscission, flower seneseeand deterioration of visual
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appearance and display life in cut waxflowers (&0yt988; Abelest al., 1992,
Gollnow and Worrall, 2010; Seaton and Poulish, 2010

Vase life of different cut flowers was prolongediwihe application of silver
thiosulfate (STS) (Cameron and Reid, 1983; JoyB881Stabyet al., 1993; Doleet
al., 2004; Sextoret al., 2005; Ebrahimzadelet al., 2008; Williamson and Joyce,
2013). Additionally, Serelet al. (2006) reported that application of 5Q0L ™ 2-5,
norbornadiene was effective in extending the vafge df carnation cut flowers.
Applying STS (4 mmol) for 20 min as a pulse wasetiive in reducing the floral
drop in C uncinatum cultivars (Joyce,1988; Seaton, 2005) and also,nexi# the
lifetime of sensitive cufreesia flowers (Zencirkiran, 2010). 1-MCP inhibited the
effects of exogenously applied ethylene and impidie shelf life of plant products
and quality depending upon genotype (Blankenshgpwmle, 2003; Serek and Reid,
2000; Cameron and Reid, 2001; Zencirkiran, 201Qcikhet al. (2000b) reported
that 14 different genotypes of Australian nativé ftowers fumigated with 10 nLL
of 1-MCP protected flowers from ethylene and didlinorease the vase life of native

flowers in the absence of exogenous ethylene.

The addition of 8-hydroxyquinoline sulphate (8-HQ®) well-known
antimicrobial agent used by the floral industryirthibit microbial growth results in
an increase in water uptake of the cut flower stamgeported by (Nowak and
Rudnicki, 1990; Asrar, 2012). Vase solutions caontey 8-HQS were significantly
effective in prolonging the vase life and quality Qrelitzia reginae Ait. (Ail and
Hassan, 2014) and pulse treatment with 8-HQS adfieetive treatment to extend
the vase life of florets ‘Dianalathyrus odoratus (Elhindi, 2012), 8-HQS with
chlorine dioxide (CIQ) extended vase life dberbera jamesonii ‘Julia’, ‘Lorca’ and
‘Vilassar’ flowers (Macnishet al., 2008) and 8-HQS in combination with ABA
prolonged the vase life of flowers, but not of &gje in waxflowers (Joyce and Jones,
1992).

Previously, Ichimura and Suto (1999) and ElhindD12) reported the
positive effects of sugars in plants which was iascr to the supply of adequate
substrates for respiration, materials for cell vildisynthesis and decreased osmotic
values for increased water balance in cut flow8tgyars have been found to be more

effective in slowing down flower senescence by oiuly ethylene sensitivity in
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ethylene sensitive flowers than ethylene insersifiowers (Pun and Ichimura, 2003,
van Doorn, 2004; van Doorn and Woltering, 2008).

Vase solutions with soluble sudssge been reported to improve vase life
in different cut flowers (Halevy and Mayak, 1979rPand Ichimura, 2003; Arrom
and Munne-Bosch 2012; lkeush al., 2012). Joyce and Jones (1992) found that
addition of 58.5 mmol sucrose alone in vase saluteduced the foliage longevity
but increased vase life of ‘Purple Pride’ waxflosedowever, this concentration of
sucrose has damaging effects on the foliag€.afincinatum ‘Alba’. Dung (2013)
also claimed addition of 58.48 mmol of sucrose edusgesiccation of the leaves in
C. megapetalum hybrids and leaf tip injury in ‘Purple Pride’ whilower levels were
less damaging and extended vase life. Also, Dufd3Rfound that application of
fructose, sucrose and glucose was more effectiga thaltose and galactose in

improving vase life in different cultivars of waafiers.

Vase solutions containing two effective componenish as germicides and
sugars were found to be effective techniques ftereding different flowers vase life
(Asrar, 2012). Elgimabi and Sliai (2013) reporthdttthe application of 8-HQS (200
mg LY significantly improved Taif rose flower vase lifghen combined with 7%
sucrose. In additiorBeura and Singii2001) showed that the combination treatment
of 8-HQS and sucrose in vase solution improvedytadiolus spikes flowers quality.
The 8-HQS combined with 2% sucrose in vase watatriment maintained water
uptake and prolonged vase life Afitirrhinum majus L. up to 18 days and delayed
flower senescence (Asrar, 2012). Dung (2013) regothat 200 mg £ 8-HQS in
combination with sucrose concentration up to 116r8ol increased the vase life in

six genotypes of waxflowers.

Joyce and Jones (1992) reported theipesffect of applying sucrose alone
in vase solutions to prolong the lifetime of cuiei@ldton wax’. While Joyce (1988)
reported that sucrose in combination with HQS sicguntly improvedC. uncinatum
vase life. In addition, Dung (2013) investigated #ifect of different types of sugars
alone as vase solutions such as maltose, glucomtoge and galactose and sucrose
at different concentration supplemented with 200 Imy8-HQS in extending the
vase life of flowers/leaves of different cultivasE waxflowers. This is the first time

that fumigation with new types of ethylene antagtsxsuch as NC, BACA and 1-
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HCP alone or in combination with vase solution eanihg 8-HQS and/or sugars on
vase life of flowers/leaf in waxflowers has beenestigated. It was hypothesised
that waxflower sprigs fumigated with ethylene aotaigt in combination with vase
solution containing 8-HQS and/or sugars would beeneifective in extending the
vase life of waxflower and leaf compared to thegiplacation alone. The effects of
NC, CA and 1-HCP fumigation alone and in combination wathse solution

containing 8-HQS and/or supplemented with sucrosk fauctose on extension of
vase life of flowers and leaves in different gempety of waxflowers was

investigated.
9.2. Materials and Methods.
9.2.1. Sources of chemicals

Trans-cinnamaldehyde was purchased from Acros Organidd@ly Jersey, USA.
Meanwhile,  H-cyclopropab]naphthalene, H-cyclopropabenzene and 1-
hexylcyclopropene were synthesised by Dr Alan Panehis research group at the
Department of Chemistry, Curtin University. Ethydegas was purchased from BOC
Gases, Australia Ltd., Perth, Australia as mentiadneChapter 5, Section 5.2.1.

9.2.2. Plant material

In both experiments, the fresh flowering stems ©Gfystal Pearl’, ‘Lady
Stephanie’, ‘Purple Pride’, ‘WX14’ and ‘WX74’ werkarvested from DAFWA,
South Perth, Western Australia.

9.2.3. Harvesting flowering stems

The leafy flowering shoots of ‘Crystal Pearl’, ‘LadStephanie’, ‘Purple
Pride’, ‘WX14’ and ‘WX74’ genotypes were harvestedien 60 to 99% flowers

were open in the early morning as mentioned in @hdp Section 5.2.3.
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9.2.4. Experiments.

9.2.4.1. Experiment 1. Effect of CA, NC, BC and 1-BP fumigation on
flower/leaf vase life of ‘Crystal Pearl’, ‘Lady Stephanie’, ‘Purple Pride’ and
‘WX74’ in 2015.

The fresh cut flowers of ‘Crystal Pearl’, ‘Lady Blt&nie’, ‘Purple Pride’ and
‘WX74’ genotype were prepared for the treatmentsnemntioned in Chapter 5,
Section 5.2.3. Five treatments were applied in #iperiment to each genotype
including untreated flower stems. Flower stems wareigated with CA, NC, BC
and 1-HCP for 18 h as detailed in Chapter 5, Secb®.4. Following the
completion of 18 h fumigation treatment, the stemese transferred to vase life
room at (DAFWA) and the stems for each genotypartred to a length of 30 to 35
cm and placed in individual 250 ml translucent fitagases containing distilled DW
and kept in the vase room at DAFWA, South Perthhe Tase life room was
maintained at 20° = 2°C, 60 + 10% relative humidiith a 12 h photoperiod
(Seaton, 2006). The experiment was conducted follgwvo factors (treatments and
genotypes) factorial completely randomised desigth \six replications and one
stem per replication. The vase life of flowers deaf was recorded on the control

and treated sprigs over several weeks.

9.2.4.2. Experiment 2: Influence of fumigation of @, NC and 1-HCP alone and
in combination with vase solutions supplemented whit 8-HQS, sucrose and

fructose on vase life of flowers/leaf in ‘WX14" andWX74’ waxflowers.

In this experiment, the effectivemavas evaluated of fumigation of CA,
NC, and 1-HCP alonas ethylene antagonist and in a combination of dgaton
treatments with vase solution containing 58.5 pMswadars or fructose and/or 100
mgL?! 8-HQS in extending the flowers/leaf vase life in X4’ and ‘WX74’
waxflowers. Fumigation treatments 1 pM (CA, NC ahdHCP) for 18 h were
applied in 60 L plastic drums as explained in Cea, Section 5.2.4. Untreated
stems were treated as a control. After 18 h of eta&nfumigation, the flowers were
transported to the vase room at the DAFWA laboyatdrSouth Perth for vase life
treatments. Following the ethylene antagoniststitieats, the stems were kept in

different types of vase solutions containing 8-H&® sugars with 16 treatments as
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mentioned in Table. 9.1. The experimental desigs a@mpletely randomised two
factors (treatments and genotypes) factorials,eauth treatment was replicated five
times, with one stem in each replication. Vase difélowers and leaf were noted in

all treatments including the control in both gempaty.

Table. 9.1. Chemical fumigation alone and in corabon with vase solutions
supplemented with 8-HQS, and /or sucrose and fsectin ‘WX14' and
‘WX74'waxflowers.

Treatments

No fumigation, vase solution with DW (control)

No fumigation, vase solution with HQS only

No fumigation, vase solution with HQS+ sucrose

No fumigation, vase solution with HQS+ fructose

NC fumigation, vase solution with DW

NC fumigation, vase solution with HQS only

NC fumigation, vase solution with HQS+ sucrose

NC fumigation, vase solution with HQS+ fructose

CA fumigation, vase solution with DW

CA fumigation, vase solution with HQS only

CA fumigation, vase solution with HQS+ sucrose

CA fumigation, vase solution with HQS+ fructose

1-HCP fumigation, vase solution with DW

1-HCP fumigation, vase solution with HQS only

1-HCP fumigation, vase solution with HQS+ sucrose

1-HCP fumigation, vase solution with HQS+ fructo

12
(¢}
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9.2.5. Assessment of vase life of flowers and leaf.

In both experiments, the vase life of stems wasrdghed as the time from
placement of flowering stems in different vase 8ohs for evaluation until they lost
their ornamental visual appeal (drop and wiltinging the rating scale ranging from
1 to 5 as detailed in Table. 3.3. Chapter 3, se@i@.3. For flowers, the end of vase
life was assessed when more than 50% of openeceiffohvad dropped or showed
wilting. Vase life of leaf was determined when mahan 50% of the leaves were

fully desiccated or yellow for their full length€&ton and Joyce, 1992 and 1993).
9.2.6. Experimental design and statistical analysisf data

The data on vase life of flowers and leaves fromh lexperimental treatments
were subjected to two-way ANOVA using the statmtipackage GenStat 14
edition (Lawes Agricultural Trust, Rothamsted Expantal Station, UK). The
effect of treatments, genotypes and their intevactvas assessed and means were
compared by LSD & < 0.05. The standard errors of the mean (£, SEkPevalso
shown as appropriate. Where possible, mean coroparisvere made using
Duncan’s Multiple Range Test. All the assumptiomsADIOVA were checked to
ensure the validity of the statistical analysis.

9.3. Results

9.3.1. Effect of CA, NC,BC and 1-HCP fumigation on flowers/leaf vase lifen
‘Crystal Pearl’, ‘Lady Stephanie’, ‘Purple Pride’ and ‘WX74" waxflowers in
2015.

9.3.1.1. Flower vase life

When averaged over different genotypes, treatedeflosprigs fumigated
with 1-HCP (1 puM) for 18 h exhibited significantli? < 0.05) the longest mean vase
life of flowers (20.7 days) when kept in DW as cargd to all other fumigation
treatments including CA , BC or NC and control ea®.2. When averaged over
different treatments, the flower vase life variéghgficantly (P < 0.05) among four
genotypes of waxflowers Fig. 9.1 A. ‘Lady Stephafi@vers showed significantly
longer flower vase life (23.7 days) compared toySTal Pearl’ (20.8days), ‘Purple
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Pride’ (12.1days) and ‘WX74' (18.1days). The int#ian between different
treatments and genotypes was found to be non-ggntffor extending flower vase

life as shown in Fig.9.2B.

Table. 9.2. Effect of fumigation of Htcyclopropaplnaphthalene (NC), H-
cyclopropabenzene (BCirans-cinnamaldehyde (CA) and 1-hexylcyclopropene (1-HCP

on mean flowers vase life in four genotypes of Wwaxérs. Vertical bars represent SE

mean.
Treatments Genotypes
‘Crystal ‘Lady ‘Purple | ‘WX74’ Mean
Pearl Stephanie | Pride’ (Treatment)
DW 19.00cd 23.7ab 11.0h 19.5c 18.3b
NC 20.7bc 23.5ab 12.3gh| 18.5cdef 18.8b
BC 19.0cde | 24.5ab 11.0h 15.3defg 17.5b
CA 21.5bc 21.3bc 11.0h 18.8cdef 18.2b
1-HCP 23.7ab 25.7a 15.2dfg| 18.3cdef 20.7a
Mean 20.8b 23.7a 12.1d 18.1c
(Gendtype?)
LSD(P <0.05) | Treatment=1.67, genotypes=1.49, Treatment X gpesty3.35
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Figure. 9.1. Mean flower vase life in four genagdollowing fumigation with H-
cyclopropab]naphthalene (NC),H-cyclopropabenzene (BCQY,ans-cinnamaldehyde
(CA) or 1-hexylcyclopropene (1-HCP). Vertical baepresent SE mean.
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Figure. 9.2. Flower vase life (days) of ‘Crystald’, ‘Lady Stephanie’, ‘Purple Pride’ and
‘WX74" waxflower fumigated with (1 pM) of trans-cinnamaldehyde (CA)H-
cyclopropablnaphthalene (NC), H-cyclopropabenzene (BC), 1-hexylcyclopropene (1-
HCP) in vase solution of DW only. Vertical bars megent SE mean.
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9.3.1.2. Leaf vase life

Different fumigation treatments of 1 uM CA, NC, B@nd 1-HCP
significantly @ < 0.05) influenced leaf vase life of waxflowers. Aaged over
different genotypes, the flowering stems fumigataeth 1 uM of NC, 1-HCP and
CA, for 18 h exhibited significantly?(< 0.05) longer mean leaf vase life (28.8, 27.5,
26.6 days respectively) than when the floweringnstafter fumigation were kept in
DW as compared to untreated stems (26.1 days)herse fumigated with BC (24.5
days) Table. 9.3.

Meanwhile, when averaged over all treatments testean leaf vase life was
significantly P < 0.05) different for each genotype of waxflowerg.F9.3A. The
stems of ‘Crystal Pearl’ and ‘Lady Stephanie’ shdwee significantly longest leaf
vase life (30.2 and 29.4 days respectively) conpane'Purple Pride’ (20.9 days)
and ‘WX74’ stems (26.3 days) Fig. 9.3A. The intdi@n between treatments and
genotypes tested was found to be significaat<( 0.05) for leaf vase life of
waxflowers. H-cyclopropabenzene fumigated sprigs of ‘Lady StepHaesulted
in the significantly P < 0.05) longest leaf vase life (33.0 days) as coeghan the
control and all other fumigation treatments in eliéint genotypes except CA, 1-HCP
or NC treated ‘Crystal Pearl’ (32.3, 31.2, 31.0 glayespectively), H-
cyclopropablnaphthalene treated ‘Lady Stephanie’ (31.0 day§), 1-HCP or CA-
treated ‘WX74’ (30.0, 29.0, 29.8 days respectiyalyd untreated ‘Lady Stephanie’
and ‘Crystal Pearl’ (30.0 and 29.0 days respect)veig. 9.4B.
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Table.9.3. Effect of fumigation of H-cyclopropaplnaphthalene (NC), H-
cyclopropabenzene (BCirans-cinnamaldehyde (CA) and 1-hexylcyclopropene (1-HCP

on mean leaf vase life in four genotypes of wax#esv. Vertical bars represent SE mean.

Treatments Genotypes
‘Crystal ‘Lady ‘Purple | ‘WX74’ Mean
Pearl | Stephanie | Pride (Treatments
DW 29.0abcd| 30.0abcd 21.3fg 24.0ef 26.1bc
NC 31.0abcd| 31.0abcd 23.0efg 30.0g 28.8a
BC 27.5bcde 33.0a 19.0g 18.5abgd 24.5¢
CA 32.3ab 26.0def 18.3g 29.8abcd 26.6abc
1-HCP 31.2abc 26.8cde 23.0efg  29.0abcd 27.5ab
Mean 30.2a 29.4a 20.9c 26.3b
(Genotypes
LSD (P<0.05) | Treatment=2.16, genotypes=1.93, Treatment x gpest4.33
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Figure.9.3. Mean leaf vase life in four genotypelofving the fumigation with H-
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Leaf vase life (days) of ‘Crystal Heatady Stephanie’, ‘Purple Pride’

waxflower fumigated with (1 uM) dfrans-cinnamaldehyde (CA), H-

cyclopropab]naphthalene (NC), H-cyclopropabenzene (BC), 1-hexylcyclopropene(1-

HCP) in vase solution of DW only. Vertical baepresent SE mean.
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9.3.2. Influence  of  fumigation  of trans-cinnamaldehyde, H-
cyclopropalb]naphthalene and 1-hexylcyclopropene alone and inombination
with vase solutions supplemented with 8-HQS, sucresand fructose on vase life
of flower/leaf in ‘WX14’ and ‘WX74" waxflowers.

9.3.2.1. Flower vase life.

The mean flowers vase life was significant® < 0.05) longer (22.8, 22.6,
23.4, 23.6 and 23.5 days) when sprigs of ‘WX14" aWK74" waxflowers were
fumigated withCA and kept in DW, 1-HCP or CA fumigated and keptviase
solution containing 8-HQS alone (100 mg)L CA fumigated in vase solution
containing fructose (58.5M) and 8-HQS, and 1-HCP or CA followed by vase
solution containing sucrose (58.8V) and 8-HQS as compared to control and all
other treatments Fig. 9.5A.

When averaged over different treatments, the mkeamef vase life varied
significantly @ < 0.05) between two tested genotypes of waxflow&ks<74’
exhibited longer flowers vase life (21.3 days) thatx14’ (18.9 days) Fig. 9.6B.
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Figure. 9.5. Effect of different treatments on exieg mean flower vase life of
‘WX74" and ‘WX14’ waxflowers. Vertical bars represeSE mean.
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Figure. 9.6. Mean flowers vase life influenced bM-dyclopropablnaphthalene,
trans-cinnamaldehyde and 1-hexylcyclopropene fumigatiwh\earious vase solutions
containing DW, 8-HQS and /or sucrose and or fruetos ‘'WX74’ and ‘WX14

genotypes. Vertical bars represent SE mean.
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The interaction between the various treatmentsgambtypes was found to
be significant P < 0.05) for flower vase life. All the CA fumigatéd/X14’ sprigs
followed by vase solution containing DW only, 8-HQ® sucrose and 8-HQS, or
when ‘WX14' stems fumigated with 1-HCP followed bgse solution containing
DW only or 8-HQS as a vase solution, resulted altngest flower vase life (23.0
days) as compared to all other treatments and Wewnater control (15.6 days) Fig.
9.7C. Meanwhile, in ‘WX74’ the sprigs fumigatedtwiCA and kept in vase
solution containing fructose along with 8-HQS, drem the stems fumigated with 1-
HCP followed by vase solution containing sucrose &HQS, CA fumigated and
the ‘WX74' stems kept in vase solution containingcrese and 8-HQS, CA
fumigated sprigs and kept in vase solution comgr8-HQS or when the stems
fumigated with NC and kept in vase solution of sser and 8-HQS exhibited
significantly longest flower vase life (25.0, 24.24.0, 23.8 and 23.0 days

respectively) as compared to the control (16.6 daysl all other treatments Fig.
9.7C.
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Figure. 97. Effects of H-cyclopropab]naphthalene (NC)rans-cinnamaldehyde (CA) and
1-hexylcyclopropene (1-HCP) fumigation and diffdremase solutions containing DW, 8-
HQS and /or sucrose and/ or fructose on flowerse Ve in ‘WX74" and ‘WX14’

waxflower. n= 5 replications, one stem per repiaatVertical bars represent SE mean.
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9.3.2.2. Leaf vase life

When averaged over both genotypes, mean leaf ifasgds significantly P
< 0.05) longer (25.5, 24.6, 24.1 and 24.1 days) wheéX14' and ‘WX74’ sprigs
were fumigated with 1-HCP or Cand followed by vase solution containing sucrose
and 8-HQS, CA fumigated stems kept in vase solufatified with 8-HQS or
distilled water only respectively, as comparedhte ¢ontrol (17.4 days) and all other
treatments Fig. 9.8A. When averaged over all tmeats, mean leaf vase life was
significantly < 0.05) longer in ‘WX74’ (22.7 days) than ‘WX14’ (BlLdays) Fig.
9.9B.

The interaction between different treatments ambtygpes of waxflower was
found to be significantR < 0.05) for the leaf vase life. The sprigs of ‘WX74’
fumigated with 1-HCP or CA and kept in vase soltmntaining sucrose and 8-
HQS, CA fumigated stems kept in vase solution daimg DW only or 8-HQS or
fructose and 8-HQS resulted in longer leaf vase (7.0, 26.2, 25.2, 25.2 and 25.2
days respectively) as compared to all other treatsnand the untreated sprigs (16.8
days) Fig. 9.10C. The leaf vase life of ‘WX14’ vilaxver was significantly R <
0.05) longest (24.0, 23.0, 23.0 23.0, 23.0 and 2ays) when the ‘WX14’ sprigs
were fumigated with 1-HCP and kept in vase solutiontaining sucrose and 8-HQS,
1-HCP fumigated sprigs and kept in vase solutioth iiuctose and 8-HQS or 8-
HQS only or DW only, CAflumigated with sucrose and 8-HQS and CA fumigated
with 8-HQS only or distilled water only respectiydtig. 9.10C, as compared to the

control (18.0 days) and other treatments.
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Figure 9.8. Effect of different treatments on exlieg mean leaf vase life of ‘WX74’

and ‘WX14’ waxflowers. Vertical bars represent SEam.
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9.4. Discussion

The flower and leaf vase lives in waxflowers amited in many genotypes
because of flowers/ buds abscission and leaf yeligwwing to their sensitivity to
ethylene (Macnisket al., 2004a; Gollnow and Worrall, 2010; Seaton andliBou
2010). In general, different cultivars of waxflowesxhibit lifespans of 11 to 12 days
as previously reported (Manning, 1996; Beasley &mygte, 2002). Joyce and Jones
(1992) and Seaton and Poulish, (2010) reported ttiatvase life of waxflowers

varied among cultivars with shorter vase lifeCnuncinatum cultivars of ‘Alba’ and
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‘Purple Pride’ and longer vase life b megalopectalum hybrids of ‘Albany Pearl’
and ‘Bridal Pearl’. Earlier, Joyce and Jones, @)98so reported that the foliage of
waxflower stems commenced desiccating before thwells onset to close and/or
begin to dry. In this study, the effects of etimdgeantagonist fumigation such, CA,
NC, BC and 1-HCP alone and in combination with veskitions fortified with 8-
HQS and/or sugars were effective in extending @&ovand leaf vase-lives in

different genotypes of ‘Geraldton waxflowers’.

In the first experiment, amongst CA, NC, BC and @HH fumigation
treatments applied to ‘Crystal Pearl’, ‘Lady Stepleg ‘Purple Pride’ and ‘WX74’
1-hexylcyclopropene (1 pM) with stems kept in dlisti water exhibited the longest
mean flower vase life (20.7 days) compared to #ieotreatments and untreated
control flowers (18.3days) Table . 9.2. Meanwhile stems fumigated with NC and
kept in DW maintained leaf freshness with prolongfeeir vase life (28.8 days) as
compared to control (26.1 days) and all other tneaits except fumigation of 1-HCP
and CA Table. 9.3. These positive effects of 1-H&Rl NC fumigation on
enhancing the postharvest quality and maintenahfteveer and leaf vase life of cut
waxflower may be ascribed to its antagonist effectsethylene action attributed to
the presence of small cyclopropene rings functigmalip as explained in Chapter 8,
Section 8.4. Recently, Khaast al. (2016) proposed that the mode of action of 1-HCP
in inhibiting ethylene action is due to the ringeomg reaction which appears to be
responsible for the potency of cyclopropene ethylentagonists. Khagt al. (2016)
also claimed that 1-HCP is an effective anti-ethgl&eompound and its mode of
action is similar to 1-methylcyclopropene (1-MCRBarlier, it has been hypothesized
that 1-MCP antagonist has more affinity to bind teeeptor site than ethylene
(Sisler and Serek, 1997) which acts as a competitthr ethylene and irreversible
inhibitor of binding of ethylene to its receptoetkBby acting to delay the senescence
of flowers and reducing the effect of ethylene iiarpoting flower senescence (Sisler
et al., 1996a; Sisler and Serek, 1997). Similarly, i baen reported by Macnigh
al. (2000b) that the application of 1-MCP was effeetiin delaying flower
senescenc€. uncinatum and different native Australian cut flowers. It ynalso be
argued that extension in waxflower vase life whie fapplication of 1-HCP and NC
may be due to the existence of a double bond tbatpetes with ethylene for
receptors thereby, blocking ethylene binding. Aiddilly, their structural molecular
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strain also allows very tight bonding to electraammdr compounds in the ethylene
receptor (Kebenaest al., 2003a; Buanongt al., 2005; Sisler, 2008).

Although each antagonistic chemical was effectivediffering degrees in
prolonging vase life this was dependent in mangsas the type of solution used to
hold flowers after treatment with the 1- HCP or M@nigation treatments in vase
solution of distilled water alone. However, overtile most effective combination
depended on the particular waxflowers tested ‘WXa#hd ‘WX74’ the most
effective treatments for prolonging flowers/leafsgalife of cut waxflowers when
stems of both genotypes fumigated with 1 uM of 1PH@& CAin combination in

vase solution containing sucrose and 8-HQS.

Flower stems fumigated with 1-HCP or C#&nd kept in vase solutions
containing both sucrose (58.5 uM) and 8-HQS (100LmMy exhibited the longest
mean leaf vase life (25.5 and 24.6 days) and mieavef vase life (23.6 and 23.5
days) as compared to all other treatments andaofitne incremental improvements
in the leaf and flower vase life with 1-HCP or CAnfigated flower stems in
combination with vase solutions containing sucrasd 8-HQS may be ascribed to
their synergistic effects. The extension in leall dfower vase lives with the

fumigation of 1-HCP or CAias been explained earlier in this section.

Possibly, the major effect of sucrose on extendimg flower and leaf
waxflower vase lives is through improving water dradle when added to vase
solution as reported earlier (Halevy and Mayak,4t ®uiperet al.1995). This effect
may also possibly be attributed to the sucrosesaging demand for carbohydrates
thereby increasing leaf and flower vase life arghlr osmotic concentration of the
flowers consequently improving water uptake (Ichienet al., 2003; Asrar, 2012;
Dung, 2013). Similarly, sucrose has been reportegéxtend flowers vase life of
Geraldton waxflower (Joyce, 1988). Joyce and Jofi€§?2) reported an extension
of vase life ‘Purple Pride’ and ‘Alba’ waxflower w&h the flower stems were treated
with sucrose and 8-HQS. Later on, Dung (2013) edported that sucrose was more
effective in improving vase life in different gegpes of waxflowers compared to
maltose and galactose. Possibly, the extensiomaifdnd flowers vase lives with
addition of 8-HQS to the vase solution may be asdito its antimicrobial activities

thereby extending flower longevity (Dung, 2013).m8arly, vase solutions
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containing 8-HQS and sucrose were a most effett@ament for enhancing quality
and prolonging the vase life bathyrus odoratus L. (Elhindi, 2012).

The extension of flower and leaf vase lives in ‘WiXland ‘WX74’
waxflower stems fumigated with 1-HCP or @Ad addition of sucrose and 8-HQS in
the vase solution may be attributed collectivelg tiu the inhibitory effect of 1-HCP
or CA fumigation on ethylene action as explainegvmusly and/or also attributed to
the critical role of sucrose and 8-HQS in suppgrtivater absorption and metabolic
processes within flowers as explained earlier byaAg2012). However, Joyce
(1988) also indicated that increased sucrose ctratems up to 146.2 mmol
combined with 200 mg £ 8-HQS reduced vase life of flowers and leaves of

cultivars ofC. uncinatum.

In conclusion, flower stems fumigated with 1-heyglopropene or H
cyclopropab]naphthalene fumigation were more effective as canegb to the control
and all other treatments when kept in vase solstmontaining distilled water only.
1-hexylcyclopropene arans-cinnamaldehyde fumigation in combination with vase
solutions containing sucrose and 8-HQS is morecede in extending flower and
leaf vase lives as compared to the 1-hexylcyclogmeportrans-cinnamaldehyde

fumigation alone and all other treatments.
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CHAPTER 10

General discussion, conclusion and future research

10.1. Introduction

Ethylene is a known natural plant hormone whichulags various plant
growth and developmental process, including acaBter of senescence and
abscission of leaf, flowers/buds and fruits (Abedeal., 1992; Bleeker and Kende,
2000; Lurie, 2007; Scarict al., 2014). Also, ethylene adversely affects posthsiry
guality of many cut flowers (Joyce and Poole, 19i8aret al. 1999; Gibsoret al.,
2000; Ichimureet al., 2002). Previously, ethylene has been reportdzktassociated
with abscission of flowers/buds, vyellowing and abksion of leaves in
Chamelaucium uncinatum, Verticordia spp., Leptospermum and Thryptomene
calycina, Backhousia myrtifolia, Baeckea virgata, Boronia heterophylla,
Ceratopetalum gummiferum, some Grevillea species, Telopea speciosissima,
Thryptomene calycina and Pelargonium peltatum, Oriental lilies andLeucocoryne
coquimbensis (Joyce, 1993; Joyce and Poole, 1993; E&gal.,1999; Cameron and
Reid, 2001; Celikekt al., 2002; Han and Miller, 2003; Faraghatral., 2010). In
addition, ethylene has also been reported to cdioseer wilting in Boronia
heterophylla and Telopea speciosissima (Faragheret al., 2010). Earlier, Bleecker
and Kende (2000) reported that the response ofiegtyin plant cells refers to
ethylene binding to membrane-located protein rewsptand activates a
phosphorylation signal transduction pathway thatiates downstream ethylene
responses. Native Australian waxflowe€hémelaucium Desf.) is an attractive
important cut flower in Australia (Anon, 2002; Beasand Joyce 2002; Gollnow
and Worrall, 2010; Seaton and Poulish, 2010). Mwakflower genotypes are
sensitive to ethylene exposure (1 rylwhich causes up to 85% abscission of
flowers and buds i€. uncinatum cultivars (Joyce, 1988; Macnish al., 2000a, b;
Gollnow and Worrall, 2010; Seaton and Poulish, 20A@8cumulation of ethylene in
the post-harvest atmosphere during distributionloimg distance transport often
without water, usually in darkness, causes extenabscission of floral organs in
both flowers and petals that reduces the valudhefstems of waxflowers (Joyce,
1988, 1993). The application of ethylene actionhbitbrs such as silver thiosulfate
(STS) and 1-methylcyclopropene (1-MCP) is more aife to reduce postharvest
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losses in flowers than ethylene biosynthesis inbibi such as AOA and AVG
because their effects are negated by exogenouserthpresence in the storage
environment (Joyce, 1993; Macnighal., 2000a; Ascought al., 2006). Application
of STS or 1-MCP is also effective in reducing adeeeffects of ethylene on the
quality of flowers (Stabyet al., 1993; Zencirkiran, 2010). Additionally, the
application of STS on flower crops cannot be exptbto its full potential due to its
toxic and harmful effects as it is a heavy metale Effectiveness of STS application
also depends on variety, stems size and temperahden some case can cause
flower drop (Stabyet al., 1993; Mayerset al., 1997; Seaton and Poulish, 2010).
Sisler et al. (2006) claimed that 1-MCP acts as an ethylen@raahhibitor by
competitively binding to ethylene receptors thergivgventing flower senescence
(Sisleret al., 1996a; Sisler and Serek, 1997; Yameinal., 2004). However, 1-MCP
has many shortcomings that limit its use (Gricl@06; Goreret al., 2008). 1-MCP

is a highly unstable gas, costly, can be used asghation only and requires a
reasonably sealed room for application. Also, #sponse of 1-MCP to horticultural
commodities is concentration, exposure duration t@ntperature dependent (Sisler
and Serek, 1997; Blankenship, 2001; Blankenship Role, 2003; Grichko, 2006;
Reid and Celikl, 2008; Seaton and Poulish, 201Qinaet al., 2011). Meanwhile,
the flowers of waxflowers may only be protected doshort period of four days and
require repeated application to extend posthames{Seaton and Poulish, 2010).
Used in sachets added to flowers carton has beerdfmay be an effective way to
use 1-MCP (Seaton and Poulish, 2010). ShortconandsMCP offer an attractive
opportunity to develop alternative ethylene antagfsnwhich may be used to
antagonise ethylene action and consequently exiestharvest life of horticultural
produce (Goreet al., 2008). Based on the predicted chemical progeedf ethylene
receptors in plants, various compounds were syishe@dy Dr Alan Payne and his
group in the Department of Chemistry Curtin Uniwgrsvhich either suppress or
enhance ethylene production as well as its actibwas hypothesised that the
chemicals with a cyclopropene ring as a functiograup in their structure allow
them to bind to active ethylene sites and allowsé¢heompounds to compete with
ethylene. Therefore, a large number of potentibylene antagonists such as 1-
octyne, trans-cinnamaldehyde, eugenol, (+)-carvon&)-()-limonene, 1-octene,
butyl acrylate, isoprene oxide, 1-octene oxide,ylallbutyl ether, H-

cyclopropablnaphthalene, H-cyclopropabenzene and 1-hexylcyclopropene were
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tested to determine their ability to inhibit ethygeaction particularly in regulation of

abscission of flowers/buds in different genotypésvaxflowers. The second aim of

my research was to evaluate the efficacy of effectethylene antagonists in

inhibiting ethylene action consequently reducirayiérs/buds abscission in different
genotypes of waxflowers. The effects of differeahcentrations 0, 0.5, 1.0 and 2.0
UM of active ethylene antagonists such as NC, BBCP and CA on flowers/buds

abscission were also tested using different gemstybh waxflowers. The efficacy of

different effective ethylene antagonists such as BIC, 1-HCP and CA alone and in
combination with two types of sugars (sucrose andtése) supplemented with 200
mg L™ 8-hydroxyquinoline sulphate (8-HQS) on vase lifediferent waxflower

genotypes was also investigated.

10.2. Screening of potential antagonists 1-octyne, isopme oxide, trans
cinnamaldehyde, eugenol, (+)-carvone,§f-(-)-limonene, 1-octene, allyl butyl
ether, butyl acrylate, 1-octene oxide, H-cyclopropalb]naphthalene, H-
cyclopropabenzene and 1-hexylcyclopropene of ethyle action through

reducing abscission of flowers/buds in waxflowers.

A number of different compounds were tested foirtladility to prevent
ethylene-induced abscission in floral organs of thalen native waxflowers.
Fumigation of 1-octyne, isoprene oxide, (+)-carvozggenol, allyl butyl ether or 1-
octene (1 puM) for 18 h to flower stems of ‘Whiterfag’, ‘WX17’, ‘WX116’,
‘Muchae Mauve’, ‘WX110" and ‘Jenny’ waxflowers follved by exposure to
ethylene treatment (10 pLY). for 24 h did not reduce flowers/buds abscissilh.
these compounds were very weak in inhibiting ethgleaction and the mean
flowers/buds abscission was 100% in the floweraté@ with all six compounds
followed by exposure to ethylene and thereby ditdprotect waxflower genotypes
‘White Spring’, ‘WX17’, ‘WX116’, ‘Muchae Mauve’, ‘WK110’ and ‘Jenny’ from
ethylene-induced abscission of flowers/buds. Inegainthese compounds did not act
as ethylene antagonists. Similarly, Gricldta@l., (2003) also reported that isoprene
was not effective as an ethylene action blockernndygplied on green banana fruit.
Meanwhile, (+)-carvone in vase solutions played ade rin antibacterial and
antifungal activity in a number of cut flowers, bugsChamelaucium uncinatum cv.

‘Mullering Brook’ (Myrtaceae) (Damunupokt al., 2010).
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Amongst thirteen potential ethylene antagonisteeteaNC, BC, 1-HCP, CA
and ©-(-)-limonene were effective inhibitors of ethykemction as evidenced by
substantial reduction in ethylene-induced flowardé abscission in waxflower
genotypes. The stems of different waxflower genesyfumigated for 18 h with CA
or (9-(-)-limonene or NC or BC or 1-HCP, followed byhglene (10 pL ()
exposure for 24 h significantly reduced flowersiowbscission (47.2% ‘WXFU’
CA, 66.4% ‘WXFU’ (§-(-)-limonene, 81.1% ‘WX107’' NC, 86.0% ‘WX73" BOnd
98.6% ‘WX73" 1-HCP) compared to the ethylene treaitalone. Meanwhile, 1-
octene oxide and butyl acrylate showed a reducticabscission of flowers/buds in
‘Southern Stars’ but not on other genotypes tesié effectiveness of ethylene
antagonists to inhibit ethylene action in waxflosvean possibly be ascribed to their
steric and inductive effects as reported earligsl¢Bet al., 1996b, 1999, 2001).
Presently, limited information is available on tféect of these chemicals, such as
1H-cyclopropabenzene as ethylene action inhibitorsshppressing climacteric
ethylene production during fruit ripening in ‘Blaékmber’ plum (Khan, 2014). The
application of 1-HCP has been reported to exteral tase life ofKalanchoe
blossfeldiana Poelln. flowers, retard fruit ripening in tomatyocado and banana
suggesting it is an ethylene antagonist (Kebehal., 2003a; Sisleet al., 2003;
Apelbaumet al., 2008). CAhas also been reported to be an active ethylemanact
inhibitor retarding ripening of green banana fraitd playing a role in reducing
oxidative stress in ‘Pink Queen’ rose cut flowe@&i¢ko et al., 2003; Jinget al.,
2011). Grichkeet al. (2003) suggested that the double bond in limomnemaportant,
however, the mode of§-(-)-limonene action was still unclear. No reséaveorks
have been reported on the efficacy of 1-octeneeoaitd butyl acrylate as ethylene

action inhibitors.

10.3. Effect of trans-cinnamaldehyde fumigation on flowers/buds abscissmoin
‘WX73", ‘WXFU’, '‘WX17’, ‘WX56’ and ‘WX58’ genotypes and the effects of
different concentrations on flowers/buds abscissionin ‘Purple Pride’,
‘Revelation’ and ‘Hybrid1’ waxflowers.

The fumigation of waxflower stems with CA uM) for 18 h followed by
exposure to 10 pLL?! of ethylene for 24 h resulted in significantly veed
flowers/buds abscission ranging from 17.3 to 36a&6ompared to those exposed to
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ethylene. CAfumigation treatment significantly reduced flowersds abscission in
‘WX73', 'WXFU’, ‘WX56’ and ‘WX58" waxflower genotypes as compared to those
treated with ethylene alone. Also, different corications 0.5, 1.0 and 2.0 uM of CA
fumigation for 18 h followed by exposure to ethygi0 puLL™Y) for 24 h have been
tested on modulating flowers/buds abscission inrpleuPride’, ‘Revelation’ and
‘Hybrid 1’ genotypes. The experimental results sedwhat (1 uM) of CAvas more
effective in reducing abscission of flowers/buds/$ in ‘Purple Pride’, 1.6% in
‘Revelation’ and 10.1% in ‘Hybrid 1) as compared®.5 and 2.0 uM concentrations
and the ethylene treatment alone. It seems thap©fects waxflower flowers/buds
from ethylene action, consequently reducing theiab®n of flowers/buds.

Possibly, CAprevents ethylene binding to the receptor in waxfis and
blocks the ethylene receptor for some time consgtupreventing ethylene action.
It may also be argued that the inhibitory actiorCéf application may be due to the
aldehyde by its ability to withdraw electrons frdire alkene to improve binding
(Grichkoet al., 2003). No findings have been reported previooslyhe effect of CA
fumigation as ethylene antagonist on cut waxfloam@ps or in general ornamental
plants to inhibit ethylene action. However, Grickal. (2003) reported an inhibitory
effect of CA on ripening of green bananas and CAnifiation enhanced
flowers/buds abscission in ‘WX17' waxflower whicls ian ethylene sensitive
genotype and may be due to the genetic differemcethe number of ethylene
receptors (Tieman and Klee, 1999).

10.4. Effect of fumigation of §)-(-)-limonene on flowers/buds abscission in
‘WX73', ' WXFU’, ‘WX17’, ‘Purple Pride’, ‘WX56’ and ‘WX58’ genotypes of

waxflowers.

The sprigs of' WX73’, ‘WXFU’, ‘Purple Pride’, ‘WX56’ and ‘WX58’
fumigated with §-(-)-limonene (1 pM) forl8 h and followed by expos to
ethylene (10 pLLY) for 24 h have shown significant protection frothyéene by
reducing abscission of flowers/buds (26.7%, 30.993,4%, 13.6% and 6.4%
respectively) than the stems exposed only to etieyleeatment. The antagonistic
effect of fumigation with §-(-)-limonene in blocking the ethylene action isclear
but monoterpenes containing a six-membered ringnaoee active than acyclic

terpenes as reported previously by (Griclekal., 2003). It may also be argued that
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the effectiveness of this monoterpene is due toirtteraction of the double bond
with the receptor site which may block the ethyleaeeptor sites in flowers and
delay or prevent the abscission of flowers/budsglifferent waxflowers genotypes
tested thus,S)-(-)-limonene, appears to be one of the naturafulsactive ethylene
antagonists (Grichket al., 2003). No research work has been reported oefthet
of (9-(-)-limonene fumigation on reducing flowers/bu@ddbscission in native
waxflowers or other plants except one study repoltg Grichkoet al. (2003) on
inhibition of ripening in banana fruit. Meanwhilep reduction in abscission of
flowers/buds in ‘WX17’ when the stems were treateth (S)-(-)-limonene followed
by ethylene exposure may be attributed to the 8eitgiof this Cuncinatum

genotype to the ethylene as discussed in the predection.

10.5. Effect of 1-hexylcyclopropene fumigation onldwers/buds abscission in
‘WX73', ‘Purple Pride’, ‘WX56’ and ‘WX58’ genotypes of waxflowersand the
effects of its different concentrations on flower&uds abscission in ‘Hybrid 1’

and ‘Purple Pride’ waxflowers.

1-Hexylcyclopropene (1-HCP) is a potent ethylertghitor due to an ability
to compete with ethylene for the receptor (Kebesteal., 2003a). The stems of
‘WX73’, ‘Purple Pride’, ‘WX56" and ‘WX58" waxflowergenotypes fumigated with
1 pM of 1-HCP for 18 h and followed by exposurestmgenous ethylene for 24 h
reduced flowers/buds abscission (2.7%, 4.8%, 1426 23.5% respectively) as
compared to ethylene exposure treatment alons.dpparent from these results that
1-HCP application significantly maintains the flawg stem quality by reducing the
abscission of flowers/buds in the genotypes for esaime. Amongst different
concentrations of 1-HCP (0.5, 1.0 and 2.0 uM) testethe stems of ‘Hybrid 1’ and
‘Purple Pride’ followed by exogenous ethylene expes 1.0 and 2.0 uM
concentrations were very effective in reducing flogvers/buds abscission in both
genotypes. The activity of this compound in preirentthe damaging effect of
ethylene on waxflowers may possibly be ascribestedc effects and high molecular
strain which isthe more important factor involved in inactivatinige ethylene
receptor by binding to it for some time (Sisktral., 1996 a,b 1999; Sisler, 2008;
Sisler et al., 2009). 1-HCP treatment for 2 h was sufficienextend the shelf life of
kalanchoe pot plant from 2 to 7.3 days (Kebanal., 2003a). 1-Alkylcyclopropenes
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with chain lengths greater than 5 carbons, likeQPHare more efficient antagonists
as reported earlier by Keberatial., (2003a). In addition, the mode of action of 1-
HCP is similar to that of 1-methylcyclopropene (IGW) as both contain the high

strain cyclopropene ring.

10.6. Effect of fumigation of H-cyclopropabenzene and H-
cyclopropafb]naphthalene on flowers/buds abscission in ‘WX73','WX17’,

‘WX56’, ‘WX58’, 'WX107’ and ‘Jenny’ genotypes of waxflowers and the effects
of their different concentrations on flowers/buds &scission in ‘Purple Pride’,
‘Revelation’ and ‘Hybrid 1’ waxflowers.

In this study, the results of different experimest®owed that waxflower
stems of different genotypes fumigated with BC I8r h followed by exposure to
ethylene for 24 h displayed significantly reduceeam flower/buds abscission
ranging from 0.00 to 44.8% in ‘WX73’, ‘WX58’, ‘WX56and ‘Purple Pride’
waxflower genotypes over four days as comparedthglene treatment alone that
promoted flowers/buds abscission. All the three5,01.0 and 2.0 pM)
concentrations tested were significantly effectiveeducing flowers/buds abscission
as compared to the ethylene alone on day thraeewm€lation” waxflower. Similarly,
waxflower sprigs of different genotypes (‘WX73’, XXL07’, ‘WX58’, ‘WX56’ and
‘Purple Pride’) fumigated with 1 uM NC for 18 h llmlved by exposure to ethylene
(10 pLLY) alone for 24 h showed decreased mean flowers/abssission varying
from 8.9 to 38.1% thus implying that ethylene tneamt did not induce ethylene
action in different genotypes of waxflowers whea #tems were fumigated with NC
compound. In addition, when the stems of ‘Purpladd®r ‘Hybrid 1’ and
‘Revelation’ were treated with NC at three concatitns 0.5, 1.0 and 2.0 uM, NC
fumigation (0.5 and 1.0 uM) both were the mostaife concentration in reducing
flowers/buds abscission on the second day aftetrdaments as compared to all
other treatments. However, fumigation with BC ar@d (1 M) for 18 h followed by
exposure to ethylene (10 pL?) alone for 24 h did not prevent ethylene-induced

abscission of flowers/buds in Gncinatum such as ‘WX17’ and ‘Jenny’ genotypes.

Significant reduction in the abscission of flowersls of waxflowers with
BC and NC is not fully understood but could beilattted to their high strain energy

and reactivity in the presence of copper (I). Riguand co-workers attempted to
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form copper complexes of 1-HCP but only obtained+opened dimerised products,
which are formed through a copper carbenoid spetigis suggested that the high
potency of 1-HCP is not solely due to complexathart is due to its reactivity
(Pirrung et al. 2008). They suggested that the reaction interatedithe copper
carbenoid, could covalently react with the ethyleaeeptor and inactivate it. NC
undergoes the same ring-opening reactions with eofp as 1-HCP (Khan, 2014)

and could indicate a similar mode of action.

400 1H-cyclopropalblnaphthalene

. Double bond
Cyclopropene ring

1H-cyclopropabenzene

Figure 10.1. Chemical structure dfiLyclopropap]naphthalene andH:
cyclopropabenzene

Previous work with the group has shown BC to reddioavers/buds
abscission in waxflowers. Earlier, Khan, (2014)aeed that H-cyclopropabenzene
fumigation (50 or 100 nlLY) was more effective in extending the vase lifeetiof
‘WX17' and ‘WX73" waxflowers. Probably the mode attion of both NC and BC
is similar to the mode of action of 1-MCP. Fumigatwith 1-MCP proved a very
powerful inhibitor of ethylene action in variouspgs of flowers such aZonal
Geraniums, Pelargonium peltatum, cut carnation Delphinium and sweet pea,
Cattleya alliance, Dianthus caryophyllus L. waxflower, Grevillea ‘Sylvia’, Hibiscus
rosa and Lilies (Macnishet al., 2000a; Cameron and Reid, 2001; Ichimeral.,
2002; Reidet al., 2002; Yamanet al., 2004; Abadket al., 2009). These experimental
results show that both NC and BC inhibit ethylesgom and reduce flowers/buds

abscission in different genotypes of waxflowers.
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10.7. Effect of fumigation of 1H-cyclopropalbjnaphthalene, M-
cyclopropabenzene, trans-cinnamaldehyde and 1-hexylcyclopropene on
flowers/leaf vase life of ‘Crystal Pearl’, ‘Lady Sephanie’, ‘Purple Pride’ and
‘WX74’ waxflower.

The sprigs of different genotypes of waxflower (€tal Pearl’, ‘Lady
Stephanie’, ‘Purple Pride’ and ‘WX74’) fumigatedtiviL uM of NC , BC , CA or 1-
HCP for 18 h followed by placement of flowers inseasolution of distilled water
showed that only 1-HCP treatment was more effectivextending flowers vase life
and maintaining flowers quality in ‘Crystal Peaflady Stephanie’, ‘Purple Pride’
and ‘WX74" waxflowers by 20.7 days compared to coinbnly 18.2 days and other
ethylene antagonists treatments. Meanwhile, theigation of NC or 1-HCP
fumigation was effective in prolonging leaf vasee Iof the aforementioned four
genotypes (28.8 and 27.5 days respectively) in evisgn to the control (26.0 days)
and other treatments. NC and 1-HCP were more efée¢chan other compounds
tested in extending the vase life of flowers araf la four genotypes. Their activity
is probably due to the cyclopropene substructueseunt in both compounds (Sisler
et al., 1996b, 1999, 2001) as explained previously ictiSe, 9.5 and 9.6.

10.8. Influence  of  fumigation of trans-cinnamaldehyde, H-
cyclopropalb]naphthalene and 1-hexylcyclopropene alone and inombination
with vase solutions supplemented with 8-HQS, sucresand fructose on vase life

of flowers/leaves in ‘WX14' and ‘WX74’ waxflowers.

The waxflower genotypes (‘WX14' and ‘WX74’) fumigat with CA or 1-

HCP and kept in vase solution containing 250 mrofese and 100 mg'i8-HQS
or followed by DW alone or followed by vase solutiof 1-HQS extended vase life
of flowers and leaf as compared to control ando#ifler treatments. This positive
effect of fumigation with CA or 1-HCP followed byfférent vase solution may be
ascribed to the antagonistic role of these two letiey antagonists as previously
described in Sections 9.3 and 9.5. AdditionallyGrémsed water uptake with the
application of the sugars and the antimicrobiaivagtdue to the application of 8-
HQS may reduce the stem plugging consequently ibomitng to the incremental
improvement of vase life of flowers and leaf (Ichiraet al., 2003; Asrar, 2012,
Dung, 2013; Elgimabi and Sliai, 2013). Earlier, Qui2013) also similarly reported
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that 200 mg ! of 8-HQS in combination with sucrose was a morkeatife

treatment in improving the vase life in six genaymwf waxflowers.

In conclusion, fumigation with CA and 1-HCP in doimation with vase
solution containing 250 mmol sucrose and 100 riigof 8-HQS were effective in
extending the vase life of flowers (23.50 and 23169s) compared to control (16.1
days) and leaf (24.60 and 25.50 days) comparedtreated (17.4 days) of ‘WX14’
and ‘WX74’ hybrid waxflowers.

10.9. General Conclusions

1. Out of thirteen different potential ethylene antaigts tested to inhibit the
ethylene action and abscission of flowers/buds axflewer genotypes, five
compounds trans-cinnamaldehyde, -(-)-limonene, H-
cyclopropablnaphthalene, H-cyclopropabenzene and 1-hexylcyclopropene
were the most effective inhibitors of ethylene @ati

2. The effectiveness of five active ethylene antagsmniepends on the variety of
Geraldton waxflower. For example, the sprigs oftsikrids ‘WX73’, ‘WX56,
‘WX58’, ‘WXFU’, ‘Hybrid 1’, ‘Revelation’ and non-hyrid waxflower treated
with trans-cinnamaldehyde followed by ethylene exposure slklow8.79%
mean flowers/buds abscission reduction than thgpesed to ethylene alone.
The flowering stems of four hybrids (‘WX73’, ‘WX56'WX58’ and ‘WXFU’)
waxflower treated with)-(-)-limonene followed by ethylene exposure forl24
exhibited 76.90% mean flowers/buds abscission temtuas compared to those
exposed to ethylene alone. The sprigs of six hgbrd/X73’, ‘WX56’,
‘WX58’, ‘WX107’, ‘Hybridl’ and ‘Revelation’ fumigatd with MH-
cyclopropablnaphthalene followed by exposure to ethylene, aur fhybrid
‘WX73, ‘WX56’, ‘WX58 and ‘Revelation’ treated wit 1H-
cyclopropabenzene followed by ethylene exposure fand hybrid ‘WX73’,
‘WX56’, ‘WX58" and ‘Hybrid1l’ fumigated with 1-hexydyclopropene followed
by ethylene exposure showed 73.8%, 90.9% and 8ftdd¥érs/buds abscission
reduction respectively as compared to ethylendnreat alone. The sprigs of
non-hybrid waxflower ‘WX17' exposed tdrans-cinnamaldehyde, Sj-(-)-
limonene or H-cyclopropabenzene followed by ethylene exposurwsd
flowers/buds abscission -2.01, -1.78 and 4.58%esely. Meanwhilethe
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stems of ‘Purple Pride’ fumigated witrans-cinnamaldehyde Sj-(-)-limonene,
1H-cyclopropab]naphthalene, H-cyclopropabenzene or 1-hexylcyclopropene
followed by ethylene exposure showed 83.05%, 19,3#48%, 42.17% and
93.86% reduction in flowers/buds abscission re$palgt as compared to
ethylene treatment alone.

3. The efficacy of fumigation with different ethyle@atagonists includingrans-
cinnamaldehyde, H-cyclopropab]naphthalene, H-cyclopropabenzene or 1-
hexylcyclopropene in extending flowers/leaf vase tlepends upon the type of
vase solution and genotypes. The waxflower ster@sys¢tal Pearl’, ‘Lady
Stephanie’, ‘Purple Pride’ and ‘WX74’) were fumigdt with 1-
hexylcyclopropene, followed by keeping in DW showengest mean flower
vase life (20.7 days) compared to all other treatsxand control (18.2 days).
Meanwhile, the mean leaf vase life was longest7(28d 27.5 days) when the
flower stems of these genotypes were fumigated wittH-
cyclopropablnaphthalene and 1-hexylcyclopropene respectivelypgared to
the control (26.08 days). The flower stems of ‘WXand ‘WX 74’ fumigated
with 1-hexylcyclopropene otrans-cinnamaldehyde and kept in vase solution
containing 8-HQS and sucrose exhibited 7.5, 74a8d 7.2 days longer mean
flower and leaf vase life respectively comparedh® untreated flower stems

which were kept in DW water only.

10.10. Future research

Trans-cinnamaldehyde,§)-(-)-limonene, H-cyclopropab]naphthalene, H-
cyclopropabenzene and 1-hexylcyclopropene areteféem reducing flowers/buds
abscission even when flower stems were exposethideae suggesting that these

compounds are effective ethylene antagonists. flIltinee research may focus on:

1. Efficacy of these ethylene antagonists in extendiage life and quality of
flower may be investigated in other commercial #owrops.

2. Physiological and biochemical mechanisms of tlethglene antagonists in
modulating abscission zone of different genotypdscot waxflowers

warrants to be investigated in detail.
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3. Effect of these antagonists on the up or down legigun of expression of
genes involved in abscission of flowers/buds andalpsenescence in
waxflower and other ornamental flowers is yet tarhestigated.

4. Different types of formulations may be developedtisat these compounds
can be applied as fumigation, spray, coating amgpidg for a range of
horticultural produce.

5. It is yet to be investigated that these five ethglantagonists are safe to use
by the industry and their impacts on the environimehen applied to the

different horticultural commodities warrants inugation.
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