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ABSTRACT

Black spot or apple scab is a major disease in apple (Malus domestica) production. Its control
is especially difficult in organic production systems that rely on copper- and sulphur-based
fungicides which are not very effective and demand a high number of applications
throughout the season. The most commonly used fungicide in organic apple production is

lime sulphur, which is known to be phytotoxic, especially towards the cultivar ‘Braecburn’.

The influence of different application rates of lime sulphur (1% and 2%) was evaluated
when applied 11 tmes throughout the growing season from October to February. As
varieties differ in their suscepubility to lime sulphur, the two cultivars ‘Roval Gala’ and
‘Bracburn’ were compared in this study. Black spot incidence and severity, russet
development and postharvest quality parameters were evaluated. At harvest, residues of
sulphur on and in the apple were determined as total sulphur, total water-soluble non-

protein thiol compounds and cysteine content.

Both cultivars behaved similarly to the application of lime sulphur, but ‘Braecburn’ was
affected to a greater extent. Lime sulphur decreased background colour, blush, firmness,
soluble solids content and dry matter content in both cultivars; fruit size in ‘Braeburn’ and
titratable acidity in ‘Royal Gala’. The changes observed can possibly be attributed at least in
part to the decrease in the photosynthetic rate, which was especially drastic in ‘Braeburn’.
Lime sulphur caused increased russet on ‘Royal Gala’, but not on ‘Braeburn’. Significant
sulphur residues were found in the skin and flesh of both cultivars and part of the lime

sulphur applied was metabolized into water-soluble non-protein thiols and cysteine.

These results are of significant interest to the organic industry as the use of lime sulphur
may compromise the residue-free status of organic apples and could have an influence on

consumer acceptance and flavour.



ACKNOWLEDGEMENTS

First of all, thanks to my supervisors for their advice throughout the course of this project:
Dr Alan Palmer, Mr Ewen Cameron and Dr David Woolley, Institute of Natural
Resources, Massey University, Palmerston North. I wish to especially acknowledge the
commitment and enthusiasm of Ewen and Alan in setting up this project for me at very
short notice and the encouragement I received over the vear. The funding for this research
from the C.A. Elliot Charitable Trust, Massey University Masterate Scholarship and Helen

E. Akers Postgraduate Scholarship is greatly appreciated.

Dr Jim Walker, Dr Stuart Tustin and Dr Paul Brooktfield of HortResearch, Havelock North
gave advice in setting up this project and discussing the results; Dr Roger Harker,
HortResearch, Auckland took the time to discuss the flavour of apples with me and Prof.
Dr Jens Wuensche, University of Hohenheim, Stuttgart, Germany gave valuable input on

the trial design. Thank you all!

I am very grateful to Anne West and Dr Alasdair Noble for their help with the statistical
analysis. My little helpers took care of the orchard, applied the sprays, did the fruit thinning
and helped me pick, wash, peel and pack hundreds of apples: Steven Ray, Chris Clement,
Scott Avery, Frazer Clarke, Louis Irving, James Slater, Esther Anderson, Heather
Richardson, and Catherine, Mark and Rosalie Sykes. Thank you! I am grateful to Kathleen
Bailey who helped with the analysis of total thiols and cysteine. Special thanks to everyone
in the department, especially Denise Stewart, and to Bob Toes, Ian Furkert and Chris
Rawlingson for their help with the lab work. Thanks to Linda Hill and Brian Daly of

Landcare, Palmerston North who spend a lot of time trying to get the LECO to work.

Last, but definitely no least, I am greatly indebted to my mother for her encouragement

and financial support. A big thank you to my brother Stefan for editing the pictures.



TABLE OF CONTENTS

A KN O L E DG EMEN T S ittt verrasis s artn e ram i ee it sacnvanansennensenseasasassitnnssnsensmnssasneseennosenss

T ABLE OF CONTIEN TS taintttunteemeretittsistensresenasensenssrecnasenstasssssnnmnsssstsesessensssesessoesssomrsres

LIS OF FEGURES it iee it et eees i v atscm cemeee ettt staatnssseeesasenaseesis bha s sanassnsensaaerareessnaen

ST OF T ABILES . . errivtivteeaestaesemeieirertrssaneansastrnarsastnsesassnnmmnnsemtanrtnstnareasssnssarens

Tl

v

IX

XI

LIST OF ABBREVIATIONS ecitirivrreereemensimraeeeeenreanrasirsansssesssnsssitmmnsrsranarsrsrmmsrestnreni. Xin

CHAPTER 1

INTRODUCGTION L.ooiivinicsciiinii s iainins v s s sn s s sa s me e s s e n e s s saeanssaastababaenbns
1.1 OFZANICS coriirriiiiieiiiiee ittt sranaas s rrarrn s s eabants e st ata e s s e s rnrae
1.2 Black Spot and Lim¢ Sulphuf s
1.3 Problem STateIMCNt. oot e ressiaarr s s r e r s sraaa s

1.4 ResSCarch OBJeCHIVES oo reiacirrs s es e rre e resaenesene e s e s e aaesssnbresennne

CHAPTER 2

REVIEW OF THE LITERATURE ttuvriiuetiinrarseitisiisiasnssserasnssterssrssisnsssissssssommmessimssines

2.1  Black Spot i,

2,12 IISCASE SVITIPIOIMIS . ottt iiititieice e e st e

2. 1.3 CoNTrol SIIATCEIES oottt s e et

O

.-



Table of Contents

2.2 Pre- and Postharvest Physiology.......coovriniiiniciiiien s

2.3

2.4

2.2.1 Intluence of Lime Sulphur on Plants. o,
2.2.2 Frurt Qualicy ParamiCtors i

2.2.3 Influence of Lime Sulphur on Frust Qualitv. o

Uptake of Atmospheric Sulphur by Plants ..o,

SUMMATY (i

CHAPTER 3

L AT E RIALS AN I T O DS o tituinin e ceitiinritienrsrnsvstssmnaransnttastenssisssssatsenensarnnnnrancns

31

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

Orchard and EQUIPMCnt. ..o et
Tl LAYOUE e iiriiiiirii et s e s s s er s s rere s rananraeserenanenenaaas
Spray ApplICAtiOns ..vv v ivirevirriiiir ettt
PHOTOSYIRESIS ¢ erereein e arirar et e s s s s s e s e s e s ae s e s e s nennan
Sampling Procedure and Sample Preparation .o,
SUIPIIUL ot s e
360 Toral SUlphur. e
3.0.2 Thiols and CrsTeIne s
Black SPot oo e
RUSSCE i e

Postharvest Quality oo

3.9.4 SOlubIe Solids GOl s 3]

19

20

21

23

23

23

24

27

27

28

28

28

30

31

32

300 Starch Pattern Inde s e 30

39.0 Titrarable ACIIN s

3.10 Statistical AnalySiS....ciciiiiiici it e e

34

34

34

vl




Table of Contents

vii

CHAPTER 4

RESULTS oeviivnnnnns

4.1

4.2

PhotosynthResis ..o

F. 2.1 Total SUlphur. e

322 Thiols and CvsTeine e

4.3

4.4

4.5

Black Spot o
LT U SO OO

Postharvest Quality ..o

.35

35

L L e e e e et 41

B T I T A ST L ST UT U RO RO T PR U RO PO U RO SRR O RSO RUURRORTORREUPUPRR 45

B S U SO s e o e e

A3 St H Pt 1) N e e oo e e e 4

456 Thrratable ACIIEY L e

AT Iy NATTCT e -

CHAPTERS

D Sl S TN in et ottt ve e st st st amm e e e sithan v asem e et ma e e e d e amme i 2a shmmrmnm e e et v nvanasnnen

5.1

5.2

5.3

5.4

5.5

N

W

Photosynthesis i e
Black Spot ..o,

Postharvest QuUality ..o

5.4 SOLubLe SOHAS COnTUIT o st e e et eeee s

D It e e e e e e e e e ettt 13

53

59

60

01

61

G2

65

60



Table of Contents viii

5.5.5 Starch Patternt INAEX.....ooemmmsossemmamsonssisessmssisssssssisssosassivansonssasissmsssnssosssnssasssss 67

5.9 Titramble ACIAITT wosmammmmanssmmsmimer s S S 68

S50 LIET DI . coumaissncs s san ompumen s Rims s s b S 8t a8 5 g inm s 68

5  BUBTBRY w0 st o e oo o Rt s msna Ao b oapsisniabun 69
CHAPTER 6

CONCLUSIONS AND FUTURE WORK ..cisosmsmvorsessesinsssinssssisirssasernmsorssessssssnssssens os 71

6.1 Future Research Possibiliti€s.......ccuuviuuuiiiiiiiinniiiiriiiiiniiiiiieieeeeeeeennnen. 71

6.1.1 Alterratives to Lime Sulplur., .umusmmeomsommsansmiesassmissommsssisssmo 71

0.1-2 Foait LIBHED o smmmssrmmsersismmsmssnis s i s i sty soiss 71

6.1.3 Spray SEBCAULES .o msmmmnmmsinmtastossssmons s msssnesnsmerssasmsssmessnisssssis 72

i Sonchadine BEmihs v samiaminanmimmirssmi i s sy 73

BIBLIOGRAPELY: .ovssuonnsisansosssninsssssssusus ssusssssss sasssnoanyssesssss so e sossassns s ssNsmssssies sounsinssns 75

APPENDIX

A: TRANSFORMED POSTHARVEST QUALITY DATA.....coiiiiiieirieeeereeeeneninenenenes 88

Bl TR s o o AR S S i el e oe e 88

A L L) L 89

AT BIVSHL «osivsinsmimssmmsmsimsmsssuvssassnsvanmssvasmssosss ivesseasav s seiins sossssves eans s s 89

A PIIIICS Ssismenssswsinsmssss svsssassensossesns suaechasans s s mnmnndssssisasnons sssssivevsasssoasssss mane 90

e LAEARADIE XTI st st s mstovtmedre sy e ey 91

WD T R ————— 91

B: TOTAL SULPHUR ANKLYSIS .suunscrinssssnssssssnsesssmassssssnsssminnsas s s s oo aons 92

C: CLIMATIC DIFFERENCES: MANAWATU AND HAWKE’S BAY .......vvvuunrieenneneees 94



LIST OF FIGURES

CHAPTER 2
2.1 The life cycle of the black spot tungus [Venturia inaequalis ..........................ccocceeuenenn.. 7
2.2 Lesions caused by black spot on apple leaves and fruit....ownmomanmssssvsmesors 8
CHAPTER 3
R o P ST ————— 24
3.2 Movable curtains were installed between rows to guard against spray drift.............. 24

3.3 Rating scale for black spot severity on ‘Roval Gala’ from 0 (no black spot) to
5 (SEVELE IECTION «ovmrmmsmumsmissomsismeriammmsansnissmssamsrssascessmesemssssxssasmaenspsmsmsssssessass 30

3.4 Rating scale for black spot severity on ‘Braeburn’ from 0 (not black spot) to

3 (black Spot PatChes)......cociiiiiiiiiiiiiiccc s ssnaenes OO
3.5 Rating scale for russet on ‘Royal Gala’ from 0 (no russet) to 4 (severe russet).......... 31

3.6 Rating scale for russet on ‘Braeburn’ from 0 (no russet) to 3 (high stem

1T K ) (R U 31
3.7 Rating for colour of ‘Royval Gala’ and ‘Braeburn’ using colour swatches.................... 32
3.8 Rating for starch pattern index from 0 (all starch) to 6 (no starch) ..., 33
CHAPTER 4

4.1 Calibration curve for analysis of total water-soluble non-protein thiols

SEIUCL CFSTERNE s suvmnaessvervweemssssomuyssves somms sesss s omssssaeansns s s v KPS RS R AR NS S 37
4.2 Percentage of ‘Royal Gala’ affected with black spot at harvest..........cccovvvciiviccncs 40
4.2 Percentage of ‘Royal Gala’ unfit for marketing due to excessive russet

2R 7 i ) o OO S RS 41



List of Figures

CHAPTER 5

5.1 Damage caused by lime sulphur 10 ‘Brachutn’ IEaVes .. coumamssimsmmesssss ssn assmmsnmmamsiss 52
5.2 Sulphur metabolized into total water-soluble non-protein thiols and cystei nee
in skin and flesh of ‘Royal Gala’ at harvest........coocociinnciiciniiciire e e T 55

5.3 Sulphur metabolized into total water-soluble non-protein thiols and cystei nee

in skin and flesh of ‘Braeburn’ at harvest........cccooueiicinnncccciiinee e cveme m e 56
5.4 ‘Royal Gala’ apples severely affected by russet in treatment L82.......ccccincise =ve evsmue mom v 61

5.5 In ‘Braeburn’, a high application of 2% lime sulphur led to a decreased friait=
size, different shape, lower background colour, reduced blush percentage arad
a less intense red compared to the cONtrol ..o eee e e ....04

APPENDIX

B.1 Comparison of total sulphur measurements obtained with the LECO and w=~it-h

ICP-OES for ‘Bracbumm’ flesh samiples in the st hatvest s s s s e 93
C.1 Mean annual temperature in New Zealand .........cccoooviiiiiniiiiii —e e e 95
C.2. Mean anfiual sunshine houis in New Zealifid.vumnsnammsmnsmimsm o e 555 96
C.3 Mean annual rainfall in New Zealand ........ccocoovoiiiiiiiiieiccecceeeeiss e v vim e e 97

C.4 Mean monthly rainfall and temperature in Palmerston North, Manawatu.—.. ... ... ...98

C.5 Mean monthly rainfall and temperature in Napier, Hawke’s Bay......cccooo—e o0 L 98



LIST OF TABLES

CHAPTER 3
3.1 Spray diary for 2006/07 season on ‘Royal Gala’ and ‘Braecburn’.........cccooviivinincanes 26
CHAPTER 4
4.1 Photosynthetic rate of ‘Royal Gala’ and ‘Braeburn’ on two days in late season ........35
4.2 Total sulphur content of ‘Royal Gala” and ‘Braeburn’ in the first harvest................. 36

4.3 Sulphur metabolized into total water-soluble non-protein thiols of ‘Royal Gala’

afid “Bricbutn” in thie Best BAOVEE. .. cusmsmasasmmsmrusssmummmsmsmssmg s 38
4.4 Sulphur metabolized into cysteine of ‘Roval Gala’ and ‘Bracburn’ in

o R T g SR —— 38
4.5 Percentage of ‘Roval Gala’ and ‘Braeburn’ in each black spot category on a

scale from O (no black spot) 1o 5 (severe black Spot) cmasnmuasosmmmsmmnses 39

4.6 Percentage of ‘Roval Gala’ and ‘Braeburn’ in each russet category on a

scale from O (Do 1USSEt) 10 & [SEVEIE TUBSOL) womsusuvssmiosrrmsuns susssssesss s s s 40
4.7 Weight Of "Basliiliiny e a5 ssssanss oeimsns 41
4.8 Diameter of Braghidtil’ cumsssrmmsusmessscssssomsmssosis s s i s s 42
49 Weight of Royal Toala .o cwmmmspinsmnsnmssmersmsosevismsssintmeisiitmnmsmsssisiis 42
4.10 Diameier of "Boyal Gala wumsossammmosammsnmsssmmss s s 42
4.11 Background colour rating in ‘Royal Gala’ ... 43
412 Backetound colows catifig i Brachitn’ ooz 43
4.13 Percentage of surface area blushed on ‘Royal Gala’.........cc.cccooiiiinnnne. 44
4.14 Percentage of surface area blushed on ‘Braeburn’.........cccoooiiiiiinncccne 44
%15 Flodh Hiemaess i1 "Reogal Bl cocesmmmummmmsmsmsmmisess oot 45
4.16 Flesh firmnress in “Brachuatn’ ... nimesnsssessossissisbussssssisssssmmmassnins 45
4.17 Soluble solids contesit in Reoyal Gald ..o 46

4.18 Soluble solids content in ‘Braeburn’ ...c..c.ooeeieeeeieeeeeeeeeeeeeeeee e e 46



List of Tables

4.19 Starch pattern index in ‘Royal Gala’........cccovviiiiiiiiicccccces
4.20 Starch pattern index in DEACHUIN ..comcmmmmsomsmmesssummmmasasss snosmsssiun s S5 s Rxsstain
121 “Tivataple acidity 31 "Ronl Ul cmmpmmmmmsosmssmsmmasmssmmyeassioiaiss
4.22 Titratable acidity 11 Braeburn’ .. mms s nmimnssosssimsmssmmsasmssmasm:
4.23 Diy matter content of Royal Gals” snd Braebus' o cvssmmamsusmmomsmsmmsasy

APPENDIX

A1 Transforoied weight data for “‘Ropal Gala’ ...vwvmmmsmmmsansessmsmmsnsmsossesse
A.2 Transformed weight data for ‘Braeburn’.........ccooccviviiiiiinninnnccneccnes
#:.5 Trangtormed dismeter data for Royal Gala’ asasmmsmasmammmmmmanmmasesss
A.4 Transformed diameter data for ‘Braeburn’ ...
A5 Transtormed blush data for "Royal Gala’ . mumnmmmssmmmmassipsmasm s
A.6 Transformed blush data for ‘Braeburn’ ..o
A.7 Transtormed firmness data for Royal Gald's.cenammmmmmsonmsissmsminis
A.8 Transformed firmness data for ‘Braeburn’ ...,
A9 Transformed titratable acidity date for "Royal Gala’ ....omvmmmssmsmmmmimssmmssss
A.10 Transformed titratable acidity data for ‘Braeburn’ ...

A.11 Transformed dry matter data for ‘Royal Gala’ and ‘Braeburn’.......cccoovvivivicinnnnn.

90
90
94
91
91



LLIST OF ABBREVIATIONS

amf
ANOVA
Ca(OH),
DM
DTNB
H,S

HCI
ICP-OES
IFOAM
L51

L.S2
MES

n
NaHCO,
NaOH
5.E.

SH

SPI

SSC

TA

Tris

acid milliequivalent factor

analysis of variance

hydrated lime, slaked lime

dry matter

5,5’-dithiobis(2-nitrobenzoic acid)

hydrogen sulphide

hydrochloric acid

inductively coupled plasma optical emission spectroscopy
International Federation of Organic Agriculture Movements
treatment containing hydrated lime and 1% lime sulphur
treatment containing hydrated lime and 2% lime sulphur
2-(N-morpholino)ethanesulfonic acid

sample size

sodium bicarbonate, baking soda

sodium hydroxide

standard error

thiol

starch pattern index

soluble solids content

titratable acidity

trishydroxymethylaminomethane





