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ABSTRACT 

Black spo t o r apple scab is a m ajor dj sease in apple (Ma/us domestica) produccion . Its control 

is especially djfficult in o rgaruc producci on system s that rely on copper- and sulphur-based 

fungicides which are not \'ery effeccive and demand a high number of appLicacio ns 

throughout the season . The m ost commonly used fungicide in o rgaruc apple produccio n is 

Lime sulphur, which is known to be phytotox ic, especially toward s the culci\'ar 'Braeburn'. 

The influence of different appLicaci on rates of lime sulphur (1 % and 2%) was evaluated 

when appLied 11 ci m es thro ughout the growi ng seaso n from October to Feb ru ary. As 

va riecies differ in thei r suscepcibi lity to lime sulphur, the two culciYars 'Roya l Gala' and 

'Braeburn ' were compared in this study. Black spot incidence and Se\'e rity, ru sset 

deYelopment and postharnst quality parameters were e\'aluated. At har\'est, residues of 

su lphur on and in the apple were determined as total sulphur, tota l water-soluble non­

p rotein thiol compounds and cysteine content. 

Both culcivars behaved simil a rly to the appLicacion of Lime sulphur, but 'Braeburn ' was 

affected to a greater extent. Lime sulphur decreased background colour, blush, firmn ess, 

soluble solids content and dry matter content in both culcivars; fruit size in 'Braeburn' and 

citratable acidj ry in 'Royal Gala' . The changes observed can possibly be attributed at least in 

p art to the decrease in th e pho tosynthecic rate, wruch was especially drascic in 'Braeburn'. 

Lime sulphur caused increased russet on 'Royal G ala', but not on 'Braeburn'. Sigruficant 

sulphur residues were found in the skin and fl esh o f bo th culcivars and part o f the lime 

sulphur applied was m etaboLized into water-soluble non-protein thiols and cystei ne. 

These results are o f sigruficant interest to the o rgaruc industry as the use of lime sulphur 

m ay compromise the residue-free status o f o rgaruc apples and could have an influence on 

consumer acceptance and flavour. 
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Chapter 1 

INTRODUCTION 

A maio r issue rn orgaruc apple (A1ah,s do1J1estica) prod uction in New Zealand is the 

depend ency on lime sulphur to control the fungal di sease black spot (apple scab). The use 

of lime sulphur has been associated with leaf injury and decreased yield, especially in the 

cultivar 'Braeburn'. To quantify the impact o f ]jme sulphur, this study aimed to evaluate the 

postharvest qua]jty and sulphu r conten t of apples under different ]jme sulphur applicatio n 

rates. 

1.1 ORGANICS 

Acco rding to IFOAM, the International Federation of O rganic Agriculture Movements, 

organic farming shou ld enhance the health of the soil , plants, ani mals and humans; sustain 

]j ving ecological system s; p rovide fair treatment to humans and animals; and take care to 

pro tect the well-being of current and future generations as well as the environment 

(lFOAM, 2005). Sustainabi]jry is an underlying concept to organic farming and denotes th e 

ability of a system to continue or to maintain (Edwards-Jones & H owell s, 2001). Social, 

environmental and economic sustainability are ideally achieved at the same time. That 

means that an organic farming system sho uld produce enough food and be profitable while 

being environmentally safe and protective o f its resources (Reganold et al., 1990). 

Sustainability also includes the maintenance of yields (Edwards-Jones & H owells, 2001). 

Consumers' demand for organic food is growing worldwide, especially in developed 

co untri es (Lester, 2006). New Zealand benefits from this development with 785 ha in 

organic pipfruit production and the organic apple crop valued at close to NZ$30 million in 
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2006 (Kerr et al. , 2006). Consumers have become increasingly aware of issues surrounding 

health and diet, food safety and the environmental impact of food production (Lester, 

2006). Subjects of a study in Italy overa!J felt that organic food is healthy and 

environmenta!Jy friendl y as we!J as tastie r and more nutritious than conventionally grown 

produce (Saba & Messina, 2003). Consumers agreed that pesticides are a danger to humans 

and food produced without them is healthi er, no matter if they were co nsuming o rganic 

products or no t (Saba & Messina, 2003). Bo th groups felt that pes ticides are not 

responsibly dealt with and th at the risks associated with them are underrated (Saba & 

Messina, 2003). Consumers are thus more willing to pay the premium that o rganic products 

attract (Lester, 2006) o n the basis that they are healthier and residue-free . 

There seems, however, to be some confusio n if organic products are rea!Jy residue-free. 

Many consumers would p robably think they are and some companies actually claim that 

their products are residue- free or even spray-free (Cedenco, 2007; Fonterra, 2007). Even 

the certification agencies seem to be uncl ear about this: Organic food is either " not the 

same as 'spray-free' o r 'residue-free'" (BioGro, 20076) o r " much mo re than spray-free or 

residue-free" (BioGro, 2007a) or organic producti o n simply "reduces the likelihood o f 

pesticide residues" (BioGro, 20076). In any case, o rganic products are in general o nly 

tested for residues from neighbouring co n\'entio nal properties; they are not evaluated for 

residues of the sprays appli ed under o rganic certification (M. Glogau 1, personal 

communication). 

1.2 BLACK SPOT AND LIME SULPHUR 

Black spot is a fungal disease caused by the fungus Venturia l11aequa!ts and occurs in alJ 

apple-producing countries. It is the m ost important di sease in pipfruit production 

worldwide (Lind et al., 2003). The economic impact is enormous, as bo th the quality and 

quantity of fruit are affected (Cunningham, 1925). Black spot can decrease yield as fruit 

may fail to set or drop prematurely (Cunningham, 1925; Mi!Js & LaPlante, 1954). Harvested 

apples can be deformed, badly affected or cracked, which reduces storage life 

(Cunningham, 1925). Indirect losses result fro m defoliation which reduces tree growth and 

therefore the yield for the following seasons (Mi!Js & LaPlante, 1954). Today, there is a 

zero tolerance for black spot on marketed fruit (Carisse & Dewdney, 2002). 

1 Dr Michelle G logau, BioGro New Zealand Ltd, Wellington, New Zealand, September 2007 
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Different apple cultivars show different susceptibility to the disease, but ew Zealand 

mainly grows apple varieties that are highly susceptible to black spot (Beresford et al. , 1995; 

McCarthy, 1994), such as 'Gala' and 'Braeburn' (Hampson & Kemp, 2003; Lind et al. , 

2003). Many older apple varieties that are no longer grown commercially in New Zealand 

are naturally resistant to b lack spot (McCarthy, 1994). The current varieties have been 

developed in a regime where synthetic chemicals are used to achieve near total pest and 

disease control (McCarthy, 1994). Although black sp o t is a problem in organic as well as 

conventio nal productio n, it is more difficult to grow these new varieties in organic 

production systems, which do not allow the use of synthetic fungicides. 

The fungicides all owed under o rganic certification to day are those used in ho rticulture in 

general before th e emergence of synthetic o nes . They are mostly copper- and sulphur­

based (Beresford et al., 1991). Lime sulphur is most co mmo nly used, but is phytotoxi c 

upon applicatio n, especially at hjgher temperatures (Beresford et al., 1991 ; Mjlls & 

LaPlante, 1954). All fungicides available to the o rganjc grower are less effecti\' e against 

black spot than synth etic fungicides (Beresford et al., 1996) and require a large number of 

app]jcati o ns, som etimes up to 40 in the season Q. \X,'alker2
, personal communication) . Even 

so, th e m o re effecti\' e synthetic fungicides requ ire eig h t to ten sprays per season (Gro,,e et 

al., 2003). 

1.3 PROBLEM STATEMENT 

Despite the fact that th e issues associated with lime sulphur, such as leaf injury, decreased 

photosynthesis, reduced yield and weakening of the tree are well known (C unningham, 

1935; Mjlls & LaPlante, 1954), lime sulphur is sti ll the main fungicide used against black 

spot in o rganic apple productio n today. Different apple cultivars, e.g. 'Braeburn' and 'Royal 

G ala', differ in their susceptibility to lime sulphur sprays, th e fo rmer being severely 

affected . The damage to 'Braeburn', namely defoliation and decreased tree growth, is 

obvious in production orchards where lime sulphur is used. Although the current apple 

varieties are not necessarily suitable for o rganic production practises, they are grown due to 

high market demand. For fruit to be free of disease symptoms, sprays have to be applied 

and lime sulphur is the fungicide of choice for many o rganic apple growers. 

2 Dr Jim Walker, HortResea rch, Havelock North, New Zealand, August 2007 
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Although it is known that lime sulphur has a detrimental effect on apple trees, its impact 

on apple quality remains largely unexplored and the possible uptake of sulphur by the 

leaves or fruit has not been researched. As organic products are either perceived to be or 

claimed to be residue-free, it is important to ensure that products are actually residue-free. 

To further develop the o rganic industry, it is also important to quanti fy the influence of 

lime sulphur on fruit quality. Only once the true effect o f lime sulphur is known, can the 

use o f existing fungicides be optimised to minimise the damage done to trees and fruit. 

Moreover, o ther fungicid es might need to be develo ped . The use o f lime sulphur could in 

the long-term jeopardise the viability o f growing 'Braeburn' o rganically. Yet, productio n is 

of importance to the New Zealand economy due to the considerable fin ancial margin for 

o rganic apples and huge overseas demand. 

1.4 RESEARCH OBJECTIVES 

The main objective of this research project 1s to rnvest1gate if higher levels of sulphur 

compounds can be detec ted in o rganic 'Braeburn ' and 'Royal Gala' apples treated with lime 

sulphur. Further, postharvest quality parameters, black spot senrity and russet 

development are determined in relation to the application rate of lime sulphur. Russet is a 

rough, brownish skin and repo rts on the influence o f lime sulphur on this co nditio n have 

been mixed (Cunni ngham, 1935; H olb & Hei jne, 2001; Palmer et al., 2003; Sanchez et al. , 

2001 ). The preharvest impact o f lime sulphur o n the trees is also evaluated . The apple 

cultivars 'Royal Gala' and 'Braeburn ' are compared in the study because the trees sho'.v a 

different susceptibility to the application of lime sulphur. lt is therefore expected that their 

fruit will be affected in a different way, too. 

Specific research objectives are to: 

• Analyse the impact of foliar application of lime sulphur on 'Braeburn' and 'Royal 

G ala' trees through measurement of the photosynthetic rate o f leaves. 

• Examine possible residues o f sulphur in the apple at harvest by measuring to tal 

sulphur, total water-soluble non-protein thiol compounds and cys teine in fruit of 

'Braeburn' and 'Royal Gala' treated with different levels of lime sulphur throughout 

the season. 
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• Evaluate postharves t quali ty of 'Braeburn' and 'Royal G ala' apples when treated 

with clifferent applicatio n rates of lime sulphur throughout the season : black spo t 

incidence and severi ty, russet development, weight, cliameter, backgro und co lo ur, 

blush, firmnes s, soluble solids content (SSC), starch pa ttern index (SPI), percentage 

dry matter (DM) and titratable acidi ty (TA). 

• Di scuss th e resul ts in particular with regard to their implicatio ns fo r the o rganic 

industry and consumer acceptabili ty. 



Chapter 2 

REVIEW OF THE LITERATURE 

2.1 BLACK SPOT 

2.1.1 PATHOGEN 

Black spot in apples is caused by the fungus Vmtmia inaeq11alis and since it was first 

repo rted in Sweden in 1819 has sp read worldwide O o nes & AldwinckJe, 1990; MacHardy, 

1996). By 1862, it was found in Australia (i\IacHarch-, 1996). The dj sease was fir st record ed 

in 1894 in New Zealand (Cunrungham, 1925). Black spot also occurs on pears and roses, 

but is caused by different fungi in these plants (i\Ianktelow & Beres fo rd, 1993). 

The disease cycle of V inaeq11alis is rusp layed in Figure 2.1. The fungus produces sex ual and 

asexual spores, which are called ascospores and corudia, respectively (MacHardy, 1996). 

Ascospores develop in winter on apple leaf litter from previously infected trees and are 

ruscharged in spring when favourab le conrutions, combirung sunlight, temperature and 

humjdity, are met (MacHardy, 1996; Manktelow & Beresford, 1993). The establishment of 

ascospores on leaves is called a primary infection (MacHardy, 1996). Again, if temperature 

and humjdj ry are favourab le, these spores germjnate on the leaves, whereby the germ tube 

penetrates the cuticle and hyphae grow underneath it (C unrungham , 1925; MacHardy, 

1996). Younger leaves are very susceptible to infection, but they become more resistant 

with age (Grove et al. , 2003; Lind et al., 2003; Nicholson & Rahe, 2004; Tomerlin & J ones, 

1983). If the leaf becomes dry for a certain time, germjnation can be interrupted until it 

rains again, but if the dry phase is long enough, spores can rue off (Lind et al. , 2003). 

However, it was shown that 30 days at constantly low relative humjillt)' of 65% were 
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necessary to prevent lesion development (Tomerlin & Jones, 1983). About two to three 

weeks after primary infection, the first leaf lesions appear (Lind et al., 2003; Manktelow & 

Beresford , 1993). These lesions produce conidia, which cause secondary infection b y 

furth er spreading to leaves and fruit through wind and rain (Lind et al., 2003; MacHardy, 

1996; Manktelow & Beresford , 1993). In some cases, conidia may overwinte r in infected 

shoots and cause primary infectio n as soon as leaves emerge the fo llowing spring 

(Cunnjngham, 1925; Manktelow & Beresford , 1993). 

Development of conldial ~t..Jge!i on leave~ and fro ~ 

Cu.icle--~~p;dem,ls CJ • • .. L£_J of ie,f 

(. . . . . . . . ' . ·. . ... ' ... ,, " ... 
7r Penetration by germ 

/ \ tube from ascospores 

\)0
0 

Ascospores carried 
. to young leaves 

0 

\l A~-" 
'"-,0" 

THE PRIMARY CYCLE 
(SEXUAL) 

Figure 2.1 The life ~ycle of the black spot J11ng11s Venturia inaequalzs (Phillips, 1998, p.135). 

Scab spots on 
fallen leaves 
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2.1.2 DISEASE SYMPTOMS 

Irregularly shaped lesions first develop along the veins and midrib on the underside o f 

infected leaves (Cunningham, 1925; G rove et al. , 2003; J ones & AldwinckJe, 1990; 

MacHardy, 1996). On the upper surface, circular velvety lesions appear that darken with 

time (G rove et al. , 2003; MacHardy, 1996). These black spo ts give the di sease its name. 

BadJy affected leaves can absci se (C unningham, 1925; Grove et al. , 2003; Lind et al. , 2003). 

F rui t are most susceptible when yo ung and lesions m ostly develop at the calyx end, later 

spreading over the whole apple (Cunningham, 1925; Grove et al. , 2003; Jo nes & 

Aldwi nckle, 1990; MacH ardy, 1996). Frui t affected early in development can become 

deformed as growth is res tricted (Cunningham, 1925; Grove et al. , 2003; Lind et al. , 2003). 

Lesions on fruit grow more slowly than those on leaves and have djscrete borders 

(Mac Hardy, 1996). Older frui t lesions become corky and can crack open, aUowing ro t to 

es tabli sh (Lind et al. , 2003). If frui t are affected late in the season, lesions may d evelop 

during storage causing so-caUed storage scab (Lind et al. , 2003). Examples of black spot 

symptoms on leaves and frui t are shown in Figure 2.2 . 

Figure 2.2: Lesions caused by black spot 011 apple leaves and f mit. (a) Imgularjy shaped lesion 011 underside of leaf and (b) 
discrete spots 011 young apples in November 2006; black spot of varying severity 011 harvested 'R(!Jlal Gala' in March 2007: (c) 
single spots can (d) coalesce to fo rm patches, (e) on badjy affected apples, the skin can crack open and rvt can develop. 
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2.1.3 CON TROL STRATEGIES 

2.1.3.1 H ISTORY 

The first programmes for the control of black spot have been reported from the 1880s 

(MacHardy, 1996) and used inorganic fungicides, such as sulphur and Bordeaux mi xture 

(Brent, 1985). The latter - a mixture o f copper sulphate, lime and water - was initi ally 

developed as a control for downy mildew o n grapes and also controlled black spot very 

well, but caused unwanted russet on apples (MacHardy, 1996). Growers were able to 

decrease the number o f spray applications, once knowledge about V inaequalis increased 

(MacH ardy, 1996). Research in the 1920s foc used on the eradication o f black spot in th e 

overwintering stage through the use o f chemicals (MacHardy, 1996). This approach was 

abando ned with the introduction of more effective fungicides and the development of the 

Mills' warning system. This sys tem is based o n the Mills' period, formu lated by Dr. William 

Mills in the 1940s due to improved understanding of th e role the weather plays in the 

development o f black sp ot (}\{ills, 1944). It describes the leaf wetness peri od required at 

different temperatures fo r ascospores to estab Li sh infection. 

The inorganic fungicides used at the time had several drawbacks. They needed a high 

number o f appLications per season and had a toxic effec t on the trees (MacHardy, 1996). 

Synthetic, petrochemical-based fungicides were developed in th e 1930s and were more 

effective at lower doses without being harmful to the tree or frui t (r-facH ardy, 1996). The 

various synthetic fungicides available today are not part of thi s Literature review as they are 

not permitted under organic certification. Organic growers today sti ll rely mainly on copper 

and sulphur compounds as a defence against black spot despite the known phytotoxicity of 

these chemicals and increased spraying frequency. 

2.1.3.2 B LACK SPOT CONTROL UNDER ORGANIC C ERTIFICATION 

The control o f black spot under organic certification today is difficult due to the lack of 

effective fungicides. Practi sing hygiene to decrease spore numbers in the orchard and 

forecasting possible infection periods are o f major importance. The main chemical co ntrol 

measures under organic certification are copper, Lime sulphur, elemental sulphur, hydrated 

lime and sodium bicarbonate. Lime sulphur is the fungicide o f choice for many growers as 

it provides good black spot control and can be applied preventatively and curatively. Black 

spot control is best using copper fungicides but like the remaining fungicides, it can o nly be 
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applied preventatively. The other fungicides are less effective than copper and lime sulphur. 

Elemental sulphur can be ground into fine powder and mixed with wetting agents to allow 

easy dispe rsion in water (Mills & LaPlante, 1954; Tweedy, 1981). It is then referred to as 

wettable sulphur. The finer the particle size, the more effective is sulphur as a fungicide as 

the surface area is increased and more material remains o n the plant (C unningham, 1935). 

H ydrated lime, also known as slaked lime, is less effective in controlling black spot than the 

previo usly mentioned fungicides, but it does no t result in damage to the apple tree. The 

ability of sodium bicarbonate, or baking soda, to control black spot is comparable to that 

of hydrated lime. 

The effec tiveness of each control method will be reviewed separately in the following 

sections . Most studi es reviewed compared a variety of fungicides from organic and 

conventional apple productio n. 

2.1.3.2.1 SAN ITATION 

Autumn and spring are very important stages in black spot control for the apple grower 

(Lind et al. , 2003; Manktelow & Beresford , 1993). Hygiene is crucial to prevent the build­

up of high spore numbers in the o rch ard. Black spot control measures should not o nly 

concentrate on preventing spore discharge and germination from spring onward s, but also 

on reducing O\"envintering spores in autumn. This is especia!Jy important in o rganic 

orchards where due to lack of effective fungicides, high spore numbers can produce 

devastating infections. Different chemical and non-chemical sanitation treatments can be 

applied, e.g. removing or sh redding leaf ljtter, mulching o r applying fungicides to fallen 

leaves in the autumn or spring (H o lb, 2006; Lind et al., 2003; Nicholson & Rahe, 2004). 

Shredding has been reported to reduce the risk of black spot by 50 to 90% depending on 

the amount of leaf litter shredded (Sutton et al., 2000). Although sanitati on practices can 

significantly improve the organic disease management, th ey should be used in addition to 

fungicides as control is not sufficient to meet commercial fruit quality standards (Nicholson 

& Rahe, 2004) . 

2.1.3.2.2 FORECASTS 

Forecasts are usually used to determine possible infection periods, so that fungicides can be 

applied accordingly and unnecessary spray treatments can be eliminated to improve 

efficiency. For many years, the Mills' system was the most important tool in black spot 
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control. However, Mills only took into account the influence of temperature and humidity 

on ascospore release and not other factors such as light, spore maturity and leaf growth to 

forecast possible infection periods (Lind et al., 2003; Manktelow & Beresford, 1993). 

Virtually all ascospores are discharged during daytime (MacHardy & D.M.Gadoury, 1989; 

Manktelow & Beresford, 1993); therefore, even if it rains over night, leaf wetness time is 

calculated from dawn onwards only (MacHardy & D.M.Gado ury, 1989). More advanced 

black spot warning software combining several factors is avai lable today (Lind et al., 2003). 

2.1.3.2.3 COPPER 

Copper has been successfully used on its own or in various forms, such as Bordeaux 

mixture, since control programmes against black spot were first developed. Cupric 

hydroxide gave good control of black spot (Beresford et al., 1991; Beresford et al., 1995). 

Cupric hydroxide mixed with wettable sulphur was superior in controlling black spot than 

cupric hydroxide alone, with 0.6% and 8.3% of fruit affected, respectively (Palmer et al., 

2003). A mixture of cupric hydroxide wi th sulphur gave better di sease control than one 

containing cupric hydroxide and hydrated lime (Beresford et al. , 1995; P almer et al. , 2003), 

but the former increased fruit ru sset (Beresford et al., 1995). Disease control was poor at 

levels low enough to prevent russet development (Beresford et al., 1995). Copper caused 

russet on 'Braeburn' apples, despite thjs cultivar generalJ y not being sensiti,·e to ru sset 

(Palmer et al., 2003). 

The use of copper has disadvantages, whjcl1 is why its use is restricted in New Zealand to 

3 kg active ingredient per hectare per year (BioGro, 2001 ). lt is toxic to people and it 

accumulates in the soil to levels ultimately inhibiting plant growth and soil ljfe (Beresford et 

al., 1991). 

2.1.3.2.4 LIME SULPHUR 

Lime sulphur was first shown to be effective against black spot in apples in 1908. 

(C unningham, 1935). Lime sulphur, or calcium polys ulphide, is formed by boiling one part 

of lime (calcium oxide) and two parts of sulphur in water (Tartar, 1914; Tartar & Bradley, 

1910; Thatcher, 1908). It was a popular fungicide until 1935 but was then gradually 

replaced because it had a negative effect on the tree and reduced yield (MacHardy, 1996). 

Lime sulphur has been described as giving better control of black spot than wettable 

sulphur, whereby it did not matter if lime sulphur was applied curatively or preventatively 
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(Holb et al., 2003). However, in earlier studies under high disease pressure, the incidence of 

black spot was similar after treatment with lime sulphur or wettable sulphur (Holb & 

H eijne, 2001 ). In such a situation, only synthetic fungicides offered satisfactory control o f 

black spot (Holb et al., 2003; Holb & Heijne, 2001). Under low disease pressure, however, 

similar levels of black spo t control were achieved with lime sulphur, wettable sulphur o r 

synthetic fungicides (H olb & H eijne, 2001 ). The incidence of black spot on fruit was lower 

when applications of lime sulphur mixed with mineral oil were made in comparison to 

applying lime sulphur alone (H olb & Heijne, 2001). In o ther studies, control o f black spo t 

on fruit by spraying lime sulphur until bloom, foll owed by elemental sulphur, was not 

sa ti sfactory and better control was achieved when using copper sprays followed by 

elemental sulphur (Elli s et al. , 1991). Lime sulphur res ulted in significantly better black spot 

control than hydrated lime with 3.1 % and 13.8% of fruit affected at harvest, respectively 

(Palmer et al., 2003). 

The phyto toxic effect o f lime sulphur, its impact o n apple trees and fruit quality, is 

discussed in detail in section 2.2. 

2.1.3.2.5 ELEi\lENT,\L SULPHUR 

Ground sulphur has been used in green houses as a control measure against fungal 

infections since 1892 and in the fi eld since 1916 (Cunningham, 1935). lt is inert and can 

therefore be used together with other fungicides and insecticides (Tweedy, 1981 ) . 

ln apples, bl ack spot control with wettable sulphur was less effective than with lime 

sulphur in some studies (H o lb et al. , 2003), whereas in o thers, results were comparable 

(Holb & H eijne, 2001; Palmer et al., 2003). Wettable sulphur resulted in good control, but 

high russet incidence, when mixed with cupric hydroxide (Palmer et al., 2003). 

2.1.3.2.6 HYDRATED LIM E 

H ydrated lime (Ca(OH)i) is alkaline and its pH of 8.5 to 9 inhibits spo re germination and 

infection (Beresford et al. , 1996). It breaks down to calcium carbonate in the air and is safe 

to mammals (Beresford et al., 1996). 

Hydrated lime has been shown to control black spot (Beresford et al., 1996; Beresford et 

al., 1995). H owever, when hydrated lime was used to control black spot, the percentage o f 

fruit affected by the disease at harvest varied between orchards from just over 1 % to 
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around 60% (Beresford et al., 1996; Beresford et al., 1995). Although the latter was 

commercially unacceptable, in comparison, over 95% of apples in the unsprayed control 

were affected (Beresford et al., 1996). Increasing the application rate o f hydrated lime, 

improved the control of black spot without causing fruit russet and the optimum 

application rate was 1.6 kg/ 100 litre (Beresford et al., 1995). The addjtion of cupric 

hydroxide to hydrated lime greatly decreased the incidence of black spot (Beresford et al., 

1995). Studjes in Germany acrueved complete control of black spot using 0.5 kg/100 litre 

hydrated lime applied from an overhead irrigatio n system using up to 62 treatments per 

season (Grimm-Wetzel & Schonherr, 2006) . Whereas fruit from control trees developed 

black spot symptoms during storage regardless of infectio n at harvest, fruit treated with 

hydrated lime were free of black spot at harvest and after storage (Grimm-Wetzel & 

Schonherr, 2006). o signs of phytotoxicity were obsen 1ed on either leaves or fruit 

(Grimm-Wetzel & Schonherr, 2006). However, hydrated ljme leaves a wrute residue on 

fruit, wl-uch could have implicatio ns o n sale if it is not thoroughly removed before packjng 

(Beresford et al., 1995; Palmer et al., 2003). This deposit does not influence colour 

development of the apples (Beresford et al. , 1995). 

2.1.3.2.7 SODIUi\l BICARBONATE 

Although hydrated lime and sodium bicarbonate have a similar pH , the fungicidal action of 

the latte r is due to the bicarbo nate ion, not due to its alkalinity (Corral et al. , 1988; Marloth, 

1931). Sodjum bicarbonate (NaHCO ,) did inhibit spore germination and germ tube 

elongation of V. inaeq11alis in vitro and thus reduced the incidence of black spot in trial 

orchards (Ilhan et al. , 2006). Effectiveness was comparable to that of hydrated lime 

(Beresford et al., 1996). Signs of phytotoxicity were obsen1ed at an application rate of 1 % 

(Beresford et al. , 1996) and 2% (Ilhan et al., 2006). Soruum bicarbonate rud not influence 

firmness, soluble solids content and pH at harvest (Ilhan et al., 2006). 

2.1.3.3 FUTURE PERSPECTIVES 

The development of apple cultivars resistant to black spot is essential to decrease the 

reliance on chen-ucals in orgaruc as well as conventional production systems (Beresford et 

al., 1991 ). Resistant cultivars developed in New Zealand and other countries could become 

commercially m ore acceptable as fruit quality is improved (Grove et al., 2003). 

Nevertheless, none of the resistant cultivars has gained commercial market share 

(Nicholson & Rahe, 2004). For the conventional grower, transferring the resistant gene 



Chapter 2: Review of the Literature 14 

into commercial cultivars by genetic engineering could become an option (Nicholson & 

Rahe, 2004), but this possibility wiJJ not become available to the organic grower anytime in 

the near future because the use of genetic engineering does not align with o rganic 

principles. New means o f biological control are evolving in the fight against black spot. 

Promising results have been achieved with fungal antagonists, e.g. Microsphaeropsis sp., 

which reduced ascospore p roducti on by approximately 80% (Cari sse et al. , 2000), but the 

method has no t yet gai ned commercial applicati o n (Lind et al. , 2003). Strobilurin 

(Stroby ®) is the synth etic development o f a natural occurring fungicide, but has no t fo und 

its way into o rganic certificati on in New Z ealand. Vinasse, a fermented waste product from 

sugar processing, has recently been repo rted to reduce ascospore formation by up to 95% 

(Anonymous, 2007). lt also accelerated leaf degradation and might therefore be a valuable 

tool when app]jed in autumn (Anonymo us, 2007). 

2.2 PRE- AND POSTHARVEST PHYSIOLOGY 

2.2.1 INFLUENCE OF LIME SULPHUR ON P LANT S 

2.2.1.1 H YDROGEN SULPHIDE 

Lime sulphur constantly giYes off hydrogen sulphide (H2S) and upon app li cation to the leaf 

is con\'erted to elemental sulphur (Tweedy, 1981). The characteristic "rotten egg" odou r of 

hydrogen sulphide can be smelt at a concentration of greater 0.02 [J-1 / 1 ai r (Beauchamp et 

al. , 1984) and this smell is still apparent in an orch ard treated with ]jme sulphur even a few 

days afte r applicatio n. H ydrogen sulphide can be used as a nu trient by plants, but above 

certain levels it can be toxic (De K ok et al., 2002). The negative impact of ljme sulphur and 

hydrogen sulphjde on plants is very similar and is ou ilined below. It is therefore possible 

that the reason fo r th e phytotoxici ty of lime sulphur is due to its conversio n to hydrogen 

sulphide. 

2.2.1.2 PHOTOSYNTHESIS 

High, long-term exposure to H 2S has been repo rted to reduce photosynthesis in various 

plants (De Kok et al. , 2002; Maas et al., 1988; Olivia & Steubing, 1976; Steubing, 1979). 

Chlorophyll content decreased with prolonged exposure (Steubing, 1979) and electron 

transport as well as carbo n djoxjde fixation were impaired (Maas & De K ok, 1988; Maas et 

al., 1988). 



Chapter 2: Review of the Literature 15 

Since the 1930s, studies have proposed that the application of lime sulphur reduces 

photosynthesi s (Hoffman, 1935; Hyre, 1939). Application o f lime sulphur led to a greater 

reduction in pho tosynthesis than wettable sulphur on 'Baldwin' and 'McIntosh ' apples and 

the impact was greater at higher temperatures (H yre, 1939). Application o f lime sulphur as 

a fruit thinning agent to 'Braeburn ' trees during fl owering reduced pho tosynth esis in 

primary spur leaves by 16 to 47% when applied o ne to fo ur times, respectively (McA rtney 

et al. , 2006). Thjs effect was still apparent up to 51 days afte r the final application o f lime 

sulphur (McArtney et al., 2006). The photosynthetic rate o f basal extension shoot leaves 

which were no t fully developed during the application o f lime sulphur was no t affected , 

indicating that those leaves, o nce fully expanded, may compensate fo r the reduced 

photosynthesis in spur leaves (McArtney et al. , 2006). As a thinning agent, lime sulphur is 

appli ed several tim es during bloom and at hjgh concentrations (Palmer et al. , 2003). 

McArtney et al. (2006) used lime sulphur at rates of up to 4% fo r thinning. In the o rganic 

contro l o f bl ack spo t, lime sulphur is appli ed at lower levels th an for thjnning and less 

o ften during fl owering dependjng on the number o f infection periods. H owever, the 

overall number o f applications th roughout th e season is higher than when applied as a 

fl ower thjnning agent, possibly decreasing the photosynthesis potential of th e whole tree. 

In 'Braeburn ', pho tosynthesis was 50% lower in leaves treated with any fo rm of sulphu r 

co mpared to treatments not containing sulphur (Palmer et al. , 2003). The photosyntheti c 

ability o f a tree is of major impo rtance as the nutrients p roduced are requ ired fo r growth, 

especially o f the fruit. Carbohydra tes are in general transpo rted in th e phloem from source 

0eaves) to sink (growing fruit) and are incorporated into the fruit (Miranda et al. , 2002; T aiz 

& Zeiger, 2002). Leaves of th e bo urse shoot play a ro le in that nutri ent supply (Volz, 1991). 

2.2.1.3 GROWTH AND YIELD 

E levated levels o f hydrogen sulphid e in th e soil as well as the atmosphere can have a 

negative effect on plant grow th, however, djfferent species react in different ways and can 

tolerate different levels o f H 2S (De K ok et al. , 2002). The reason for tru s is n o t clear, but is 

possibly linked to djfferences in plant morphology and the fate o f the sulphjde absorbed 

(De K ok, 1989, 1990; D e K o k et al., 1998; D e K ok et al. , 2002). o rurect relationshjp has 

been observed between flu x o f H 2S to plant shoots and the sensitivity of the plant to the 

gas, e.g. the same uptake of H 2S led to decreased growth in spinach but no t in maize (De 

K ok et al. , 1989). Biomass production was decreased at long- term H 2S levels greater 
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0.03 µ1/1 (De Kok et al., 1983; Krause, 1979; Maas et al., 1987a; Maas et al. , 1985; 

Thompson & Kats, 1978). 

AppLcation of different fungicides, including Lme sulphur, did no t have an influence on 

vegetative growth of apple trees during one season as measured as spur leaf area, bourse 

shoot development, extension shoot leaf area, trunk cross-sectional area and total shoot 

growth (Palmer et al., 2003). Nevertheless, there may be a cumulative effect on growth 

after several years of sulphur appljcation and associated decrease in photosynthesis (Palmer 

et al. , 2003). Mjils and LaPlante (1954) reported lower yield and lighter bloom o f apple 

trees when using ljme sulphur as opposed to elemental sulphur and thi s effect was 

cumulative and only apparent after three years . 

The appLcation o f lime sulphur during bloom reduced fruit se t in 'Braeburn' apples, 

possibly by increasing the percentage of fl owers with no or fewer th an 10 pollen tubes 

(i\k Artney et al. , 2006). E ach additional applicatio n of Lme sulphur decreased fruit set by a 

furth er 10 % (i\kArcney et al. , 2006). It has also been suggested that the appLcation of lime 

sulphur results in inhibitio n of photosynthesis and decreased assimilate transport to th e 

fruit whjch in turn leads to its absci ssion (i\IcArcney et al., 2006; Noordijk & Schupp, 

2003). Premature fruit drop as a result of Lime sulphur applicarion has already been 

reported in the first half of the 20th century (Cunningham, 1935). ln 'Braeb urn', black spo t 

control with sulphur fungicides resulted in a 12% decrease in yield (fruit per tree) compared 

to treatments without sulphur due to reduced fruit set earlier in the season (Palmer et al. , 

2003). Moreover, a lower mean fruit weight and decreased total yield has been reported as a 

problem in organic orchard s compared to conventional o rchard s, especially in 'Braeburn ' 

(Walker & McArtney, 2001 ). Yield is an indicato r o f productivi ty and important m easure 

for o rchard profits (Heinicke, 1985). 

2.2.1.4 L EAF D AMAGE 

Visible injury, such as leaf lesions, leaf necrosis and defoLation, occurred in various plants 

at hydrogen sulprude levels greater 0.3 µl/ 1 (Krause, 1979; Steubing, 1979; Thompson & 

Kats, 1978). 

From early on, Lime sulphur has been reported to have a negative effect on leaves 

(Cunningham, 1935; Tweedy, 1981). Visible injury of leaves sprayed with lime sulphur was 

more pronounced the higher the temperature (H yre, 1939; Mjlls & LaPlante, 1954). 
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Symptoms appear as burning, scorcrung or dwarfing of the leaves as well as premature 

defoliation and inj ury caused by lime sulphur is more severe than that caused by elemental 

sulphur (Tweedy, 1981). Lime sulphur caused a significantly greater phytotoxic effect, rated 

as leaf size and necrosis , compared to an untreated control (Holb et al., 2003; Holb & 

Heijne, 2001 ). Poor lea f condition has also been reported in organic orchards in New 

Z ealand , especially for 'Braeburn ' (Palmer et al., 2003) . 

2.2.2 FRUIT Q UALITY P ARAMETERS 

2.2.2.1 COLOUR 

The colour of apples is de termined by its main pigm ents: chlorophylls, carotenoids and 

anthocyanins wruch are responsible for the green, yellow and red colour, respectively (Reay 

et al., 1998). The background colour o f an apple changes from dark green to ye llow as the 

chlorophylJ degrades during m aturation and the underlying ye!Jow colour of the 

caro tenoids is revealed. The production o f the anthocyanins respo nsible for th e red skin 

co lour is dependent on a va ri ety o f internal and external factors, such as ligh t, temperature, 

fertilj zatio n, thinning, nutri ent sta tus and enzymes (Saure, 1990). Shading within the canopy 

markedly reduces the fo rmation of anth ocyanins (Saure, 1990). Another important facto r 

fo r colo ur development is the avai lability of nutrients, especia!Jy sugars (Saure, 1990). 

Co lour is an impo rtant consum er attribute as the fir st thing attracting buyers to the apples 

in a store is an o utstanding visual appearance (Reay et al., 1998). Apart from an appealing 

backgro und colour, a bright red blush is desirable. A green backgro und reduces the 

intensity of red (Reay et al. , 1998). A certain cultivar-specific background colour and blush 

percentage are no t just necessary to meet consumer expectations, but also export qua]jty 

standards, e.g. at least 40% o f the surface area has to be blushed for export quali ty fruit 

(Mills, 1996). 

2.2.2.2 FIRMNESS 

Firmness is a complex parameter and depends on several facto rs. In general, a smaller 

apple size is associated with a rugher firmness rating (Blanpied et al., 1978), but firmness is 

also dependent on cell size, shape, packing and turgor pressure as well as thickness of the 

cell walls (Harker et al., 1997). 
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High firmness ratings at harvest that can be sustained over the storage period are very 

important to the industry Qohnson, 1994) as texture of the apple is an important consumer 

attribute. It has been shown that instrumental puncture measurements are a good indicator 

o f several sensory attributes, e.g. crispness and crunchiness (Harker et al. , 20026). The 

marketability of an apple decreases significantly with increasing softness O ohnson, 1992). A 

softer apple was associated with a mealy texture (Harker et al., 20026) and mealiness was 

not acceptable to the consumer Qaeger et al. , 1998). The critical threshold for judging 

apples as mealy was when th eir firmness decreased below 50 N (Harker et al., 20026). In 

sensory tests, a trained panel was able to di stingui sh apples according to firmn ess, if their 

puncture force differed by at least 6 I (Harker et al., 20026). Another study showed that 

even untrained consumers were able to di stinguish apples by firmnes s if they differed by as 

little as 5 N when presented with one apple per day (Harker et al., 2002a). When they were 

presented with one apple per minute, however, a difference of 10 N was necessary to 

detect the difference (H arker et al. , 2002a). This shows that long-term memory was better 

than short term memory and is important as it wou ld be mo re likely for consumers to eat 

"an apple a day". 

2.2.2.3 SOLUBLE SOLIDS CONTENT 

The soluble solids content (SSC) o f apples compnses sugars as well as ac ids. Over the 

storage period, sugars increase and titratable acidity decreases . Sweetness is an important 

consumer attribute fo r apples Qaeger et al. , 1998). Sweet taste was mos t diffi cult to predict 

from experimental measu rements, but co rrelated well with SSC and co nsumers were able 

to di stinguish between apples that differed by 1 % SSC (Harker et al., 2002c). 

2.2.2.4 STARCH PATTERN INDEX 

Starch pattern index (SPI) is used as a maturity index in apples and every cultivar shows a 

characteristic starch pattern as starch is degraded . SPI is influenced by total starch 

concentration as well as tl1e rate o f degradation (Brookfield et al. , 1997). However, it is not 

an exact measure o f ilie amount o f starch in the apple. Staining started to clear when starch 

concentrations were lower than 2-3 mg per gram fresh weight (Brookfield et al. , 1997). At 

equal decomposition rates and low concentrations of starch in the fruit, SPI will increase 

quicker, whereas at a high initial concentration, ilie development o f SPI will be delayed 

(Brookfi eld et al., 1997) . 
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Apples with a low carbohydrate content at harvest or a high rate of degradation during 

storage will achieve a maxi mum SPI rating m ore quickly. This can negatively influence the 

fruit' s storabili ty as welJ flavour and textural quality (Brookfield et al. , 1997) . A s outlined 

before, these attributes are very impo rtant to the consumer. 

2.2.2.5 TITRATABLE ACIDITY 

Titratable acidity (TA) is no t so much a postharves t quali ty parameter, but rather a m easure 

fo r tas te. TA is a very good predicto r o f acid taste as \-veil as overalJ flavour and apple 

fl avour (Harker et al. , 2002c) . Acid tas te, just like sweet tas te, is an impo rtant consumer 

attribu te fo r apples Qaeger et al., 1998). ln sensory tes ts, consumers were able to 

di stingui sh apple samples w hen they differed by as little as 0.08% TA (H arker et al. , 2002c). 

2.2.2.6 DRY MATTER 

The percentage dry matter grea tly depends o n th e water content o f the apple. In kiwifruit, 

the main compo nents o f dry matter are starch and sugars (Beever & Hopkirk, 1990). 

Assuming that thjs is also the case fo r apples, dry matter may gi\'e a rough es timate of the 

starch conten t. 

2.2.3 INFLUENCE OF LIME SULPHUR ON FRUIT QUALITY 

Studies on the infl uence o f lime sulphur on apple quali ty are scarce. 

Results o f studi es on the development of ru sset have been mixed . Soon after growers 

began to use it, ljme sulphur has been reported to cause russet (Cunrungham, 1935). Yet, 

'Braeburn' developed increased russet when sprayed with copper, but no t when trea ted 

with lime sulphur (Palmer et al., 2003). Apples of cultivar 'G olden D elicious Spur' showed 

less russet when trea ted with lime sulphur compared to an untreated control (Sanch ez et 

al., 2001 ). Lime sulphur did no t increase russet on 'J onagold ' compared to o ther treatments 

co ntairung sulphur and an untreated control (H olb & H eijne, 2001). 

Blush percentage was lower o n 'Braeburn' treated with lime sulphur compared to hydrated 

lime and these differences were consistent over two harves ts (Palmer et al., 2003). Blush on 

fruit sprayed with hydrated lime was n o t sigruficantly different from fruit treated with 

synth etic fungicides (Palmer et al. , 2003). D elayed blush development was observed in 

'Braeburn' after treatment with a mjxture o f cupric hydroxide and wettable sulphur, but 
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development of background colour and starch pattern index were not affected in the same 

"vay (Palmer et al., 2003). Significant differences were observed in 'Braeburn' in flesh 

firmness, total soluble solids and starch pattern index between treatments with different 

fungicides (wettable sulphur, lime sulphur, cupric hydroxide, hydrated lime, wettable 

sulphur/hydrated lime, wettable sulphur/ cupric hydroxide, dodine/polyram), but these 

differences were not consistent over two harves ts (Palmer et al., 2003). Flesh firmness 

tended to be higher in treatments containing hydrated lime and lower in those containing 

sulphur compared to the control (Palmer et al., 2003). Control trees were treated with 

synthetic fungicides and were therefore rather a separate treatment than a true control. 

2.3 UPTAKE OF ATMOSPHERIC SULPHUR BY PLANTS 

High atmospheric b ·els of sulphur are mostly caused by po!Jution in highly industriali zed 

areas or in areas with ,·olcanic acti\'ity (De Ko k et al., 2002). Agriculture plays a less 

important role. Research performed o n th e uptake o f atmospheric sulphur by plants 

therefore re fers to increased levels of hydrogen sulphide and sulphur di oxide in the air due 

to po!Jution. 

Hydrogen sulphide can be taken up as we!J as emitted by plants through the stomata (De 

l,ok et al. , 199 1; D e Kok et al. , 1989; Schroder, 1993). 1t is assumed that emissio n serns 

the regulati on o f sulphur content in the cell , thereb~, keeping cys teine co ncentration below 

toxic levels (Schroder, 1993). Nevertheless, emiss ion of H2S is mostly negligible and plants 

act as a sink fo r hydrogen sulphide at atmospheric levels higher than 0.001 µ1 / 1 (Cope & 

Spedding, 1982; D e Ko k et al. , 1991; D e Kok et al., 1989; De Kok et al., 1997; D e K ok et 

al. , 1998; D e I,o k et al. , 2002; Poortinga & D e Kok, 1997; Taylor et al. , 1983). 

Uptake of hydrogen sulphide by plants increased with increasing ambient temperature (De 

Kok et al., 1991) and was high during light and lower during darkness (De K ok et al. , 1991; 

D e Kok et al., 1989). Uptake of hydrogen sulphide by spinach, maize, pumpkin and spruce 

fo!Jowed a linear relationship with increasing H2S concentration up to 0.3 µ1 / 1 and 

thereafter reached a species-specific maximum (De Kok et al., 1989). There was no 

influence of H 2S concentration on transpiration (De K o k et al., 1991; De Kok et al., 1989). 

Therefore, closing of the stomata was not responsible for the saturation of H 2S uptake (De 

Kok et al., 1991; De K ok et al., 1989). It has been assumed that the low resi stance to the 

uptake of H 2S can be attributed to the direct metabolism of the gas in the leaf (De Kok et 

al., 1991 ). 
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Exposure of various plant species to hydrogen sulphide led to an increase in water-soluble 

non-protein thjol compounds (De Kok, 1989, 1990; D e Kok et al. , 1989; D e K ok et al., 

1998; D e K ok et al. , 2002; D e Kok et al. , 1983; Maas et al., 1987a; Maas et al., 19876; Maas 

et al. , 1987c; Maas et al., 1985; T ausz et al. , 1998), but the content of water-soluble protein 

thiol was unaffected (De Kok et al., 1985). Only around 2% o f the orgaruc, reduced 

sulphur in plants is in the form o f water-soluble non-protein truols, with glutathjone being 

the predominant thiol (De K ok et al. , 2002; Stulen & D e Kok, 1993). The increase in thiol 

compounds upon H2S exposure could be attributed to an increase in glutatruone as well as 

cys teine (Buwalda et al. , 1993, 1994; Buwalda et al., 1988; Buwalda et al. , 1990; D e K ok et 

al. , 1998; Poortinga & D e K ok, 1997). A change in the composition o f the thiol pool is also 

possible (Buwalda et al., 1993, 1994; Buwalda et al., 1988; Buwalda et al. , 1990; D e K ok et 

al. , 1998; Poortinga & D e K ok, 1997; T ausz et al., 1998). The increase in water-soluble 

non-pro tein thi ols was observed afte r a few hou rs of fumigation and reached a maximum 

after one or two days (Buwalda et al. , 1994; De K ok, 1989, 1990; D e K ok et al. , 1985; D e 

Kok et al. , 1998; D e Kok et al., 2002; Maas et al. , 1987c; Poortinga & D e Kok, 1997). In 

shoots, th iols increased up to fi,,efold , depending amo ng other factors on H2S 

concentration and plant species (Buwalda et al. , 1993; D e Kok et al. , 1998; D e J,ok et al. , 

2002; Maas et al. , 19876; Poortinga & D e J, ok, 1997). A delayed, lower increase in thiol s 

was also observed in the roots of fumigated plants (De K ok et al. , 1997; D e Kok et al. , 

1998; D e K ok et al. , 2002; Herschbach et al. , 1995a, b; Poortinga & D e Kok, 1997; Tausz 

et al. , 1998; Westerman et al. , 2000). Only part of the H2S taken up by the plant cou ld be 

revealed in th e form of water-soluble non-p rotein thiols (De Kok et al. , 1989; D e Kok et 

al., 2002). \X/hen expos ure to hydrogen sulphid e was terminated, thiol levels decreased 

agai n rapidly and reached those of non-fumigated plants after one or two days (Buwalda et 

al., 1994; D e K ok et al. , 1985; D e Kok et al. , 1986; D e Kok et al., 1998; Maas et al., 1987c). 

Truols were metabolized and / or translocated in plants (De Kok, 1989, 1990), but sulphur 

was not emitted in the form of hydrogen sulprude (De Kok et al. , 1986). 

2.4 SUMMARY 

Black spo t, caused by the fungus V inaequalis, is a maior problem in orgaruc apple 

production and thrives in the warm, humid conditions experienced in ew Zealand. The 

fungus causes black lesions on leaves and fruit that compromise tree p erformance as well 

as fruit quality. Control of the disease under organic certification is difficult due to less 

effective fungicides which are mostly based on copper and sulphur. Lime sulphur is the 
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most commonly used fungicide in orgaruc apple p roduction in New Zealand, but its 

phytotoxicity results in visible injury to the leaves, a reduction of photosynthesis and lower 

yield . The cultivar 'Braeburn' is difficult to grow o rganically as it is severely affected by lime 

sulphur; th e 'Royal Gala' tree, on the contrary, is not obviously damaged. Both these 

cultivars are of majo r importance to th e New Zealand econom y as th ey account for m ore 

than two thirds o f its apple expo rts (Kerr et al. , 2006). 

I t is not known if lime sulphur has an effect on fruit quality; a study performed on 

'Braeburn' was inconclusive (Palmer et al. , 2003). H owever, no study has compared th e 

effect of different levels o f lime sulphur on the quality parameters o f apples. Moreover, to 

th e author's knowledge, no study has looked at potenti al residues of sulphur on the apple 

as well as a possible metaboli sm o f the sprays applied in the pl ant o r the fruit. H yd rogen 

sulphide, which is emitted upon application of lime sulphur, has been shown to be taken 

up by various plant species and metabo li zed into th io l compounds. H owever, studies were 

not done on fruit-b earing plants. 
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MATERIALS AND METHODS 

3.1 ORCHARD AND EQUIPMENT 

The research was performed at Massey Unjversity Plant Growth Unit (PGU) in Palmerston 

North, New Zealand. The PGU's small o rganic orchard has plancings of th e culcivars 

'Royal Gala' and 'Braeburn'. Trees were planted on i\1M.106 rootstock in 1988 at 5 x 3.5 

metres in a six row block. The block was established as a systems trial, so half of each row 

was one culciYar and the other half the other culciYar. Trees were treated organically since 

plancing. Three rows o f centre leader trees were used in the trial. 

Using a single o rch ard in the trial red uces experimental bias possible due to different soil 

types, the age of trees and overall orchard management. H owever, the proj ect is limited by 

the fact that the experimental unit is situated in the Manawatu, whereas the H awke's Bay is 

the main area o f apple produccion in New Zealand. These two regio ns differ significantly in 

climacic factors, such as rainfall, temperature and sunsrune hours (Appenwx C). 

3.2 TRIAL LAYOUT 

The trial was arranged in rhree rows, i.e. six half rows, with three treatment b locks 

randomjsed over each half row (Figure 3.1). Each treatment block comprised a group of six 

to nine trees. Observacions were only made on two evenly-sized trees in the middle of each 

treatment block. The experimental unit was a pair of trees. Lime sulphur sprays were also 

only applied to rhese two trees in each block. The remaining trees served as a buffer 
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between treatments withjn the row; movable curtains were instaUed between rows to guard 

against spray drift between rows (Figure 3.2). 

Row 3 Q~ JJC02"C .. X .. X.X.X:;~ .:,'e_ 
LS1 I Control l LS2 LS2 Contr o l LS 1 

Row 2 c: .. c::>CYJ._;C·-~ -.. x1·,._,,__,,....._ 
LS 1 I LS2 I Control LS2 LS1 Control 

,~-~~~-~-~~J ~- ~-~~-~~~~,~-,·~~-~ C_\J .. \ .. X: 
LS2 Contro l LS1 C o n tro l LS 2 LS 1 

Q Royal Gala (RG) • Sample Tree RG =~· Braebut"n (BB) • Sample Tree BB • Tree missing 

Fij?,11re 3. 1: Orrharrl set-11p (Co11trol = h)'rlraterl li111e, I _\1 = ! % li111e s11lph11r + h)'rlraterl li111e, I _\2 = 2% li111e s11lph11r + 
lj;•rlraterl li111e). 

F~g11re 3.2: Momb/e c111tai11s 1J1ere imtallerl beh/leen rou1s to g11arrl against sprCIJ' rl1ijt. Here, 'RO)•al Ca/a' Co11trol (nght) J/IOS 

g11arrlerl agaimt rl1ift of /i111e mlplmrjro111 'Braebum' l.S1 (left, 1% li111e s11lph11r + l.!)'rlraterl li111e). 

3.3 SPRAY APPLICATIONS 

The orchard was treated with copper (copper oxychloride, 500 g copper/ li tre, Consolidated 

Chemicals Ltd. , I ew Zealand) and oiJ (DC T ron Plus O il, Caltex Crop Protection, 

Australia) at the beginning of September (green tip / early tight cluster) as a wi nter clean-up. 

AJJ trees were sprayed with hydrated lime (calcium hydroxide, Websters, ew Zealand) as a 

base application nine times during the season fro m O ctober 11 , 2006 (pink tip / early 

bloom) to February 9, 2007. Lime sulphur (190 g/litre sulph ur as polysulphides o f lime, 

O rion Crop Pro tection, New Zealand) was applied in admtion to hydrated lime 11 times 
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from October 11, 2006 to February 19, 2007 at 1 % and 2%. The three treatments 

compared in the trial were: (1) hydrated lime applied at 1.6 kg/100 litres ("Control"), (2) 

lime sulphur applied at 1 litre/100 litres (plus hydrated lime whenever Control was applied; 

" LS1 ") and (3) lime sulphur applied at 2 litres/ 100 litres (plus hydrated lime whenever 

Control was applied; "LS2"). Copper, o il and hydrated }jme were applied using an airblast 

o rchard sprayer (Croplands, Cropliner 1500). Lime sulphur \Vas applied with a hand gun 

(Braglia Turbo 400) connected to a sprayer (Bertolini, BA003-430EFP, 400 litre capacity), 

except for October 11 , 2006 when lime sulphur was applied with the airblast o rchard 

sprayer. It was then reali zed th at the airblast sprayer was too powerful and curtains co uld 

no t be kept in place. All spray treatments were applied in the morning w hen wind drift was 

minimal (except fo r February 19, 2007 when sprays were applied afte r measurement of 

photosynthesis had been completed). \'X/hen alJ treatments were applied on the sam e day, 

hydrated lime was appli ed first, immediately fo !J owed by lime sulphur. The spray diary is 

outlined in Table 3.1. 

Few studies have compared the effect of different fungicides suitable fo r o rgarnc 

production standards on apple quality (H olb & Heij ne, 2001; Palmer et al. , 2003; Sanchez 

et al. , 2001) and only some of them used an unsprayed control (H o lb & Heijne, 2001; 

Sanchez et al., 2001 ). As the disease pressure was anticipated to be high, using an 

unsprayed control seemed unwise. Too many spores could haYe been released from an 

unsprayed control onto neighbouring trees and the whole crop from control trees ma\' 

have been lost for analysis. By applying hyd rated lime to alJ trees as a base application, the 

treatment was sti ll a true control, rather than a separate treatment. 

A winter clean-up spray was necessary to decrease overwintering spore numbers. Copper 

was chosen as it generally achieves good control of black spot. Moreover, any chemicals 

containing sulphur were avoided, unless appli ed in th e form of }jme sulphur in treatments 

LS 1 and LS2. As copper has been reported to increase russet (Palmer et al., 2003), this 

chemical was only applied once early in the season well before fl owering. The base and 

control application was chosen to be h ydrated lime as it does no t contain sulphur, it has 

been shown to provide some black spo t control (Beresford et al., 1996; Beres fo rd et al., 

199 5; Grimm-Wetzel & Schonherr, 2006) and no phytotoxic effect has been repo rted 

(Beresford et al. , 1995; Grimm-Wetzel & Schonherr, 2006). According to initial plans, the 

concentrations for the lime sulphur treatments were supposed to be halved later in the 
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season. However, due to the warm and humid weather conclitions favouring black spot, the 

rates were kept at 1 % and 2% for treatments LS 1 and LS2 throughout the season. 

Ali 'Royal Gala' trees were hand thinned in late D ecember to similar loads. 'Braeburn' was 

not thinned as the orchard trees had a much lower crop load than was desired. 

Table 3.1: Spr11J' dic11yjor 2006/ 07 season 011 'RO)•al Gala ' and 'Braeh11rn '. 

Water rate Wind Sun Rainfall T nuJ~'t{ T n-111, 
Date Treatment 

fl/ha] [km] [hours] [mm] [°CJ [°CJ 

5 Sep 2006 Copper/ Oil 1,000 163.5 4.3 1.0 19.3 7.6 

11 Oct 2006 Control 1,000 330.2 9.8 0.0 15.5 -0.5 

LS1 / LS2 1,000* 

Full bloom 

25 Oct 2006 Control 1,000 230.7 4.6 0.0 14.1 6.9 

LS1 / LS2 run off 

Petal fall 

13 Nov 2006 Control 1,500 320.8 6.1 0.0 16.6 8.0 

17 Nov 2006 LS1 / LS2 run off 198.0 2.6 15.0 22.3 15.8 

22 Nov 2006 Control 1,500 385.7 1.4 1.4 17.0 10.6 

LS1 / LS2 run o ff 

24 Nov 2006 Control 1,500 581.2 1.7 13.6 16.7 13.1 

30 Nov 2006 Control 1,500 503.4 2.3 13.8 18.2 9.8 

7 Dec 2007 Control 1,000 446.3 1.4 0.0 16.7 8.3 

12 D ec 2007 LS1 / LS2 run o ff 507.8 7. 1 0.0 17.6 11.7 

4 Jan 2007 Control 1,500 165.2 13.5 0.0 19.2 3.4 

11 Jan 2007 LS1 / LS2 run off 181.5 9.2 0.0 25.9 11.7 

16 Jan 2007 LS1 / LS2 run off 249.8 12.2 0.0 25.9 10.9 

24 Jan 2007 LS1 / LS2 run o ff 261.3 0.9 0.2 25 .0 15.3 

7 Feb 2007 LS1 / LS2 run o ff 425.8 9.6 0.8 26.9 17.5 

9 Feb 2007 Control 1,500 243.5 9.7 0.0 25.3 14.7 

15 Feb 2007 LS1 / LS2 run off 257.0 6.2 0.0 22.2 9.6 

19 Feb 2007 LS1 / LS2 run off 204.8 11.9 0.0 26.0 10.4 

Tmax!T min = maximum / minimum temperature, Copper = copper oxychlo ride, Oil = D C T ro n Plus, LSl = 
1 % Lime sulphur + hydrated lime, LS2 = 2% lime sulphur + hydrated lime, Control = hydrated lime. Weather 
data supplied per 24 h period by AgResearch, Palmerston North, New Zealand. 

*LSl and LS2 were applied using an airblast o rch ard sprayer on October 11 , 2006. 
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3.4 PHOTOSYNTHESIS 

Photosynthetic rate was measured on two days late in the season (February 19, 2007 and 

March 4, 2007) using a CIRAS-2 Portable Photosynthesis Sys tem (PP Systems, 

H ertfortshire, UK). Measurements were started at 9 am and completed by 1 pm. One fully 

expanded bourse shoot leaf was tagged per tree and the same leaf was used for 

measurement on both days. Environmental parameters were set as follows: (1) temperature 

= 25°C, (2) CO2 = 380 ppm, (3) light intensity= 1,200 µmol rn2 s·1
, (4) leaf area= 2.5 crn2

, 

(5) chamber flow rate = 200 ml min-1 and (6) humidity= 80% of ambient. 

3.5 SAMPLING PROCEDURE AND SAMPLE PREPARATION 

There were two harvests for each cultivar. The maturity of apples to be harvested was 

decided using backgro und colour in the first harvest, which is normal industry practice 

('Royal Gala' rating 4-5, 'Braeburn' rating 2-4, ENZA Ltd., Backgro und Colour Swatch 

"Gala/ Royal Gala" and "Braeburn", J anuary 2003, New Zealand); in the second harvest, 

the remaining apples were taken off each tree. 'Royal Gala' was harvested o n March 9 and 

19, 2007. 'Braeburn' was harvested o n Apri l 11 and 18, 2007. One characteristic of apple 

growing in the Manawatu is that fruit matures much later than for example in the Hawke's 

Bay. Harvests were started at 8 am and apples were moved to cool storage at approximately 

0°C immediately afterwards. 'Royal Gala' and 'Braeburn' were stored for five and six 

weeks, respec tively. 'Braeburn ' has a longer storage life than 'Royal Gala' (H ampson & 

Kemp, 2003). Analysis of stored fruit was performed on Apri l 13 and 23, 2007 for 'Royal 

Gala' and on May 23 and 30, 2007 for 'Braeb urn' . 

Black spot and russet severity were rated on a maximum of 100 apples per tree per harvest. 

On some trees, there were less than 100 fruit available at harvest. All fruit on a tree were 

evaluated for marketability in terms of black spot infection and russet development. 

Apples of a marketable size which had a low incidence of black spot were kept for quality 

analyses. A random sample of ten apples per tree was taken from this subgroup for 

analysis. These apples were washed in 10% ethanol and rinsed with water. Each apple was 

assigned a number and weight, diameter, background colour, blush, firmnes s, soluble solids 

content and starch pattern index were analysed for every apple. To analyse titratable acidity 

the juice of a piece of each of the ten apples was combined to enable one analysis per tree. 
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Apples for analysis of postharvest quality at harvest were taken clirectly from the orchard. 

Stored fruit were allowed to warm up to room temperature before temperature-sensitive 

analyses, such as measurement of firmness, were performed. 

Skin and flesh samples of the first harvest of both cultivars were frozen in zip-lock bags 

after quality analyses were completed, and then freeze-dried. Three of the ten samples kept 

from each tree were used for analysis of to tal sulphur, total water-soluble non-protein 

thiol s and cysteine. T o avoid water absorption by the sample, the freeze-dried samples were 

gro und up in the bag using a hammer. The bags were stored in air tight containers filled 

with silica gel. Percentage dry matter was measured after drying all freeze-dried flesh 

samples of the first harvest overnight at 105°C. 

3.6 SULPHUR 

3.6.1 TOTAL SULPHUR 

Total sulphur was analyzed by Hill Laboratories, Hamilton, New Zealand using inductively 

coupled pl asma optical emission spectroscopy (ICP-OES). Dried and ground fruit samples 

were cligested at a maximum temperature of 205°( in a mixture of perchloric and nitric 

acids prior to analysis. It was initially planned to analyze sulphur with the LECO sulphur 

analyzer (CNS-2000, Leco Corporation, St. J oseph, Ml), but the analys is was aband oned. 

The results from the LECO are compared with those of Hill Laboratories in i\ppendjx B. 

3.6.2 THIOLS AND CYSTEINE 

The procedure for analysis of total thiol and cysteine content was adapted and moclified 

from de Kok et al. (1988). 

3.6.2.1 EXTRACTION 

Milled, freeze-dried skin and flesh samples were homogenized in ascorbic acid solution 

(CAS 50-81-7, 0.15% w/v) using a pestle and mortar (1 g sample in 10 ml solution). 

Oxygen in the ascorbic acid solution had been previously removed by nitrogen bubbling. 

The mixture was transferred to centrifuge tubes and incubated for four minutes at 100°C 

to denature the proteins. After incubation, the tubes were centrifuged at 0°C at 30,000 g 

(15,840 rpm) for 15 minutes (Sorvall Instruments, RCSC, rotor SS-34). The supernatant 

was used for analysis of total thjols and cysteine. 
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3.6.2.2 TOTAL W ATER-SOLUBLE NON -PROTEIN THIOLS 

After centrifugation, 1 ml o f the supernatant was mjxed with 1 ml MES buffer (CAS 4432-

31-9, 0.05 M, adjusted to pH 5.8 wjth NaOH) and 0.1 ml water. After incubation in a water 

bath at 30°C for 10 minutes, 0.1 ml D TNB solutio n (5,5'-ruthiobis(2-rutrobenzoic acid), 

CAS 69-78-3, 10 mM, in po tassium phosphate buffer at pH 7.0) and 1 ml Tri s-HCI buffer 

(CAS 77-86-1, 0.2 M, adjusted to pH 8.0 with HCl) were added. The developing yellow 

colour was measured at 415 nm using a spectrophotometer (Philips, P U8620 

UV / VIS / NlR). The mixture without the apple extract (replaced with ascorbic acid 

solution) was used to zero th e instrument. The abso rbance of each sample was furth er 

corrected for the absorbance o f th e mixture without DT B (replaced by water). 

According to the above procedure, a caubration curve was made using a mixture o f 

cysteine (CAS 52-90-4) in ascorbic acid solutio n CO\'ering a concentration range from 

1 x10-6 to 5x10-4 mol/ 1. Using a cysteine calibration curve for the analysis of to tal thjols 

makes the ass umpti o n that ail thiol compounds analysed only possess a si ngle SH-group. 

Thj s would be the case if the main compounds responsible for the ri se in thj ols are cys teine 

and glutathione, whjci1 has been shown in o th er plants (De Kok et al. , 2002). As it was not 

known if there are thiol compounds with more than one SH-group in the apple, results 

were analyzed as sulphur in µmol / 1 and recalculated to mg/ 100 g dry matter. 

3.6.2.3 C YSTEINE 

The cys teine analys is folJowed the procedure o utljned in 3.6.2.2, but instead o f water, 

0.1 ml of methylglyoxal (CAS 78-98-8, 0.1 M) was added in the first step. Methylglyoxal 

reacted with the sulphhydryl group of cys teine during the fo!Jowing incubation, makjng it 

unavailable for binrung by DTNB. The sulphhydryl content of a sample nuxed with 

methylglyoxal was subtracted from the previo usly analysed content of total thjols to obtain 

the cysteine content in the sample. 

3.6.2.4 REMARKS 

Two measurements were taken o f the absorbance of each flesh sample; when they varied, a 

tlurd measurement was taken. The extraction o f apple skjn resulted in a bright red extract, 

the absorbance peak of wluch overlapped with that o f the ye!Jow colour to be analyzed. 

The blank contrurung the extract therefore had a hjgh absorbance rearung. As results were 

more variable for skjn than for fles h, a thfrd rearung was taken for every skjn sample. 
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3. 7 BLACK SPOT 

Black spot severi ty was rated on a scale from O to 5 (Figure 3.3). In 'Braeburn', no apple 

achieved a rating o f greater th an 3 (Figure 3.4). Only fruit with a rating of O are marketable. 

• 0 = no black spot 

• 1 = one single spot 

• 2 = few spots 

• 3 = spots coalesce to form patches 

• 4 = one half of apple severely affected 

• 5 = front and back of apple se\·erely affected 

Figure 3.3: Rating scale fo r black spot se!'l'lifJ· 0 11 'Royal Gala 'Ji·o111 0 (110 black spot) to 5 (se1'1'/'e injection). In ratil(i!,S O to 3, 
the backside is not affected 

Fig11re 3.4: Rating scale for black spot severifJ, 0 11 'Braeb11m 'Jrom O (no hlack spot) to ](black spot patches). The backside is 
not affected. 
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3.8 RUSSET 

Ru sset seven ty was rated o n a scale from O to 4 (Figure 3.5). In 'Braeburn ', no apple 

achjeved a raring o f 4 (Figure 3.6). Marketing of fruit was not possible with a raring of 3 o r 

4. Raring 1 is approxi mately equivalent to E ZA racings 1 and 2, whereas raring 2 is 

equivalent to ENZA raci ngs 3 to 9 (ENZA Ltd, Royal Gala Stem E nd Russet, 1992, New 

Zealand). 

• 0 = no russet 

• 1 = minor stem end russet 

• 2 = meru um stem end russet 

• 3 = rugh stem end russet 

• 4 = severe russet spreading O\'er fruit 

FiJ!,llre 3.5: Rati,IJ!. srale for russl'f 011 'Rqyal Ca/a' Ji·o111 0 (110 ms.re!) to 4 (mn-e m.rset) . ./lpples rated 3 a11d ./- ll'l're 110! 
.r11itahle fo r e.,po,1. 

J--1g11re 3.6: Rating scale fo r russet on 'Braeb11m from O (,10 russet) to ](high stem end russet). No apple achieved a rati11g of 4. 
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3. 9 POSTHARVEST Q UALITY 

T he following parameters were measured to determine postharvest qualfry o f the apples 

and are further outlined in sections 3.9.1 to 3.9.7. 

• Size: weight and diameter 

• Colour: background colour and blush 

• Firmness 

• Soluble solids content (SSC) 

• Starch patte rn index (SPI) 

• Titratable acidity (TA) 

• D ry matte r (Dl\1) 

3.9.1 SIZE 

Apple size was meas ured as weight and diameter. Apples were weighed separately on an 

analytical balance (l\Iettler T oledo Inc. , PG503-S). The maximum djameter at the equator 

was measured with a digita l calliper (l\ utu toyo Corporation, Digimatic) . 

3.9.2 COL OU R 

Background colo ur was rated using colour chans (Figure 3.7; ENZA Ltd, Background 

Colour Swatch "Gala/Royal G ala" and " Braeb urn", J anuary 2003, New Zealand). Possible 

rati ngs were from 1 to 10 fo r 'Royal Gala' and 1 to 7 fo r 'Braeburn '. Blush was rated b\' 

estimating the percentage of surfa ce area being red . 

• .. 
'· 

) 
) ' \ 

) ' .. 
\ 

Figure 3. 7: Roh.ng scale for co/011r ef 'Rqyal Gala ' (left, fro/JI 1 =green to 1 O=yel/01v) and 13raeb11rn' (1ight, fro/JI 1 =green to 
7=yello111 11si11g colour s111atches (ENZA, Ne1v Zealand). 
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3.9.3 FIRMNESS 

T o measure firmness, a piece o f skin was removed with an apple peeler on opposite sides 

around the equato r. A hand penetrom eter (R. Bryce, Fruit T es ter, FT327, 11.3 mm head) 

was used which gives values in ki logram. Measured values were multiplied by 

g = 9.80665 m s-2 to obtain res ults in ewton. The penetrom eter was secured in a drill 

press to enable co nsistent penetration o f the apple to a depth o f 8 mm. The two 

measurem ents per apple were averaged . 

3.9.4 SOLUBLE SOLIDS CONTEN T 

A drop o f juice obtained in the firmn ess tes t was analysed fo r SSC using a digital 

refractometer (A rago, Pocke t PAL-1) . The instrument sends a light beam th rough th e juice 

sampl e and measures the re fractive index, i. e. the light refracted by the soluble solids in th e 

sample. Results are given in percent. SSC is sometimes also referred to as 0 Brix. 

3.9.5 STARCH P ATTERN IN DEX 

Starch patte rn index was ra ted o n a scale from O (a!J starch) to 6 (no starch) (Figure 3.8; 

ENZA Ltd , Starch Pattern Index fo r Apples, New Zealand), after equato ri al slices had 

been sprayed with iodjne solution (Search Iodine Premi x, Fruition H orti cul ture, N ew 

Zealand). The starch in the apple is stained blue-black by the iodine and starch degradati o n 

during matu ra ti on fo Uows a charac teri stic pattern. 

0 1 2 3 4 5 

-·· ,, 

. . 

6 

Figure 3.8: Roting scale for starch pattem index .fiwn O (all starch) to 6 (no starch). Adapted .fivm E N ZA, Ne1/J Zealand. 
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3.9.6 TITRATABLE ACIDITY 

A piece fro m each apple was juiced using a garlic press and the juice o f ten apples per tree 

was combined for ana lysis. Titratable acidity (TA) was m easured using an automatic titrator 

(Mettler, D L21 ) . A mixture of 1 m l o f juice and 50 m l o f deionised water was titrated with 

0.1 M NaOH to an endpoint pH of 8.2. Res ults were calculated in percent m alic acid, the 

m ain acid in apples, according to the following formula (Mitcham et al. , 2003): 

TA [%]= ml (NaOH )xM(NaOH ) xamfx l00 

,n l (ju ice) 

amf = acid mi lliequivalent facto r for malic acid = 0.067. 

3.9.7 DRY MATTER 

Freeze-dried apple fl esh samples from the first harvest of both cultivars were oven-dri ed 

ove rnight at 105°C. DM was recorded in percent of fresh weight. 

3.10 STATISTICAL ANALYSIS 

Statistical analysis was performed using the SAS sofrn·are (Version 9, SAS lnstitute Inc. , 

Cary, NC, USA). All data was analysed using analysis of ,·ariance (Al OVA). The 

significance level for all tests was 5% . D ata \\"as transfo rm ed w hen plots of residuals ve rsus 

predicted values indicated un stable va ri ances across treatments. A log o r an inverse 

transformation was used where appropriate. As all values are transfo rm ed on a common 

scale, the m ean comparisons rem ain valid. Transformed m ean s were back-transformed for 

djsplay in Chapter 4. The transformed values with their standard errors are shown in 

Appendix A. 
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RESULTS 

4.1 PHOTOSYNTHESIS 

Leaves o n 'Braeburn' sprayed with ]jme sulphur (LS 1 and LS2) had a significantly lower 

photosynthetic rate than leaves of control trees (T able 4.1 ). 'Royal Gala' showed a sLght 

decrease in phocosynthetic rate with increasing rate of appLcation of ]jme sulphur, but this 

decrease was no t significant in the fir st m eas urem ent. In the second measu rem ent after 11 

lime sulphur sprays, LS2 had a significantly lower photosynth etic rate than the co ntrol. The 

photosynthetic rate o f 'Braeburn ' in th e treatment co ntaining 2% lime sulphur (LS2) was 

o nly approximately 25% of that of 'Royal Gala' and o nly 17 co 22% of th e 'Braeburn' 

co ntrol. 

Table 4 . 1: Photoy11thetir rate ef 'R f!]•al C a/a' a11d 'Braeh11r11 ' 011 111'0 da_rs i11 late season, 111eas11red 011 011e Jit!!J' e:,pa11ded 
bo11rse shoot /eajper Im. 1\fea11s 11 •ith the sa111e /fifer are 110/ sz~11ijica11tfy different i11 each co/1111111 (a=O.O5, 11 =6). 

Photosynthetic rate [µmol m2 s-1] 

Treatment 'Royal Gala' 'Braeburn' 

Feb2007 Mar2007 Feb2007 Mar2007 

Control 15.2 a 14.2 a 13.6 a 12.2 a 

LSl 14.9 a 12.2 a, b 4.3 b 2.6 b 

LS2 12.4 a 8.7 b 3.0 b 2.1 b 

S.E. 1.5 1.1 1.5 1.1 

Contro l = hydrated Lime, LS 1 = 1 % Lime su lphur + hydrated lime, LS2 = 2% lime sulphur + hydrated lime, 
S.E. = standard error. 
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Two measurements of photosynthetic rate were taken on the same leaf on each tree four 

and 13 days after the application of lime sulphur. The first measurement was taken on 

February 19, 2007, four days after the 10'h lime sulphur application of February 15, 2007 

and before the last lime sulphur spray was applied on February 19, 2007. The second 

measurement was taken on March 4, 2007, 13 days after the 11 'h lime sulphur application 

and last of the season. The first photosynthesis measurement was taken 18 and 28 da\'S 

before the two harvests of 'Royal Gala' and 51 and 58 davs before the two hatTests of 

'Braeburn'. The second was taken 5 and 15 days and 38 and 45 days before the harvests, 

respectively. 

4.2 SULPHUR 

4.2.1 TOTAL SULPHUR 

The total sulphur content of both fl esh and skin of both apple cultiYars increased with 

increasing application rate of lime sulphur (Table 4.2) . Overall, 'Bracburn' contained more 

sulphur th an 'Royal Gala' and in both cultivars; the skin co ntained approxi mately twice as 

much sulphur as the fl esh despite the washing process. Apples treated with 2% ]jme 

su lphur (LS2) often contained more than three times as much sulphur as the control. 

Differences between all treatments \\·ere highly statistically signjficant. 

'/'able 4.2: Total s11lph11r ro11tmt of 'R o)'Cil Ca/a · a11d 'B rae/J/lm' i11 the Jirst han·est . . \Jea11s ll'ith the sa111e letter a!'f 11ot 
S(~11ijira11t!)' diflere11t i11 each co /1111111 (a=0.05, 11= 18). 

Sulphur [mg/ 100 g dry matter] 

Treatment 'Royal Gala' 'Braeburn' 

Flesh Skin Flesh Skin 

Control 12.5 a 21.9 a 13.2 a 26.9 a 

LS1 25.0 b 47.7 b 32.1 b 55.4 b 

LS2 39.8 C 77.1 C 43.1 C 74.3 C 

S.E. 2.0 2.2 2.0 2.2 

Control = Hydrated lime, LS 1 = 1 % lime sulphur + hydrated lime, LS2 = 2% lime su lphur + hydrated lime, 
S.E. = standard error. 
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4.2.2 THIOLS AND CYSTEINE 

4.2.2.1 CALIBRATION C U RVE 

The calibration curve was made with cysteine in a range from 1x10-6 to Sx10-4 mol/ 1. A 

trend line was es tabushed between tl1 e concentratio ns o f 1 x10-6 to 1x10-4 mo l/ 1 as this 

range was relevant to the measured samples (Figure 4.1 ) . It resulted in the foUowing 

equatio n (R2=0.9994): y = 4241.7 x + 0.0345. 
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]~~11rf 4. 1: Calibratio11 ml7'f fo r a11a(J•sis of total 11 •atfr-so/11hlf 11011-protfill thiols a11rl o ·stfim:_y = 424 1. lx + 0.034 5. 

4.2.2.2 TOTAL W ATER SOLUBLE NON -PROTEIN THIOLS 

In both cultivars, an increased rate of appucati on of lime sulphur led to an increase of 

sulphur metabouzed into total water-soluble non-protein thiols in both the skin and the 

flesh (Table 4.3). 'Braeburn' contained more sulphur in the form of thiol compo unds than 

'Royal Gala' and the flesh o f bo th cultivars always contained more than the skin. In both 

cultivars, the skin of apples in treatment LS2 contained significantly more sulphur in the 

form of thiols than bo th LS1 and the control. The flesh o f apples from the control 

treatment had a significantly lower sulphur content tl1an that of apples treated with lime 

sulphur. 
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Table 4.3: Sulphur 111etabolized into total 1vater-sol11b/e non-protein thiols of 'Ro)'al Gala' and "Braebum' in the first ha17Jest. 
Means 1vith the sa111e letter are not signijicantj, di.ffermt in each co/11111n (a=0.05, n= 18). 

Sulphur [mg/ 100 g dry matter] 

Treatment 'Royal Gala' 'Braeburn' 

Flesh Skin Flesh Skin 

Co ntrol 0.703 a 0.502 a 0.926 a 0.795 a 

LS1 0.931 b 0.674 a 1.265 b 1.022 a 

LS2 1.168 b 1.027 b 1.514 C 1.469 b 

S.E. 0.091 0.071 0.091 0.071 

Control = H ydrated lime, LS 1 = 1 % lime sulphur + hydrated lime, LS2 = 2% lime sulphur + hydrated lime, 
S.E. = standard erro r. 

4.2.2.3 CYSTEINE 

Cysteine is part o f th e water-soluble no n-pro tein thi o ls an alyzed . The am o unt o f sulphur in 

th e form o f cysteine in apple fl esh and skin increased with increasing ra te o f appLcatio n o f 

lim e sulphur (Table 4.4). In the skin, thi s increase w as no t stati stically sig nificant in b o th 

cultivars, a ltho ugh in 'Royal G ala', LS2 contained approximately twice as much sulphur in 

th e fo rm o f cys tein e than th e co ntrol. lo th e fl esh o f 'Royal Gala', LS2 show ed significantly 

higher values than bo th LS1 and Co ntrol; in 'Braeburn ', all treatm ents w ere significantly 

diffe rent. lo bo th culti\'a rs, th e skin contained m o re sulphur in th e fo rm o f C\'Steine than 

the fl esh. 

Tahle 4.4: Sulphur 111etaholiz.ed into qstei11e of 'RO)·al Gala' cmd 'Brae/111m' in the Jirst hm7'esl. ,\leans ll'ith the sa111e letter are 
110I signijira11tb• d1Jem1I in each roh111111 (a=0.05, 11= 18). 

Sulphur [mg/100 g dry matter] 

Treatment 'Royal Gala' 'Braeburn' 

Flesh Skin Flesh Skin 

Co ntrol 0.134 a 0.165 a 0.171 a 0.268 a 

LS1 0.156 a 0.225 a 0.253 b 0.275 a 

LS2 0.236 b 0.339 a 0.331 C 0.385 a 

S.E. 0.020 0.043 0.020 0.043 

Control = H ydrated lime, LSl = 1 % lime sulphur + hydrated lime, LS2 = 2% lime sulphur + hydrated lime, 
S.E. = standard erro r. 
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4.3 B LACK SPOT 

Black spot incidence was very high on 'Royal Gala', especially in the control treatment in 

which 83% of apples were affected. Lime sulphur significantly decreased th e incidence 

(Figure 4.1 ) as well as severity (fable 4.5) of black spo t with increasing applicati on rate on 

'Royal Gala'. 'Braeburn' was less affected by black spot, with 24.5%, 25.3% and 32.3% of 

fruit showing signs of the di sease in treatments LS2, LS1 and the control, respectively, but 

these means were not significantly different between treatments. Black spot severity was 

not affected by the concentration of sulphur applied (Table 4.5). 

Table 4.5: Pnw1tac~e of 'Rqyal Gala ' a11rl 'Brae/mm ' i11 each hlark spot categ01)' 011 a scale from O (110 black spot) to 5 (semy, 
hlark spot) rater/ 011 11p to 100 apples per tree a11rl hm1'est. 

Fruit with black spot[%] 

Rating 'Royal Gala' 'Braeburn' 

Control LSl LS2 Control LSl LS2 

0 19.7 42.0 80.5 87 .2 93.3 89.9 

1 12.8 19.9 10.3 6.1 2.8 4.0 

2 40.2 31.3 6.5 5.7 2.6 5.2 

3 17.5 5.5 1.8 1.0 1.3 1.0 

4 7.1 1.2 0.7 0.0 0.0 0.0 

5 2.6 0. 1 0.3 0.0 0.0 0.0 

n 1191 1113 1024 1078 925 946 

Contro l = H ydrated lim e, LS I = I% lim e su lphur + h yd rated lim e, LS2 = 2% lime sulphur + lwdrated lime. 
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r:,;~my, 4. 2: Perre11ta,ge of 'R~J·al Ca/a' afferterl ll'ith /;lark spot at ham st. ,\leans a,y, s{~11ijira11l!J' rlijfere11t (P < 0.0001 ). 
Co11trol = IJ·rlraterl li111e, I ~11 = 1°n li111e s11lph11r + /~yr/rater/ li111e, I ~12 = 2°0 li111e s11lph11r + ~yr/rater/ li111e. 

4.4 RUSSET 

Lime su lphur affected the incidence and severity o f russet in 'Royal Gala'. The percentage 

o f fruit with a rating o f 3 o r 4 nearl y doubled in treatments containing lime sulphur (Table 

4.6). Of all fruit at harvest, 27% we re unfit fo r m arketi ng due to excessive ru sset in both 

treatm ents LS1 and LS2. Apples from these two treatments had signjficantly m ore russet 

than the control treatment, in whjch 15% o f fruit we re affected (Figure 4.3). Lime sulphur 

did not affect the severity ratings for russet in 'Braeburn' (Table 4.6). Of all apples at 

harvest, 0.5% , 0.7% and 0.8% in the contro l, LS1 and LS2, respectively, were unfit fo r 

marketing due to increased russet, but these differences were not statistically sigruficant. 

Table 4.6: Pnre11tage of 'R l!)·al Ca/a' a11rl 'Brae/mm' i11 earh msset ral(f!,O()' 011 a srale Ji-0111 U (110 msset) to 4 (se,•e1Y' msset) 
rater/ 011 11p to 100 apples per tm a11rl han•est. 

Fruit with excessi ve russet[%] 

Rating 'R oyal Gala' 'Braeburn' 

Control LSl LS2 Control LSl LS2 

0 17.1 17.6 13.4 60.8 64.8 60.3 

1 22.0 14.8 14.6 36.5 32.4 37.6 

2 46.9 41.4 42.8 2.6 2.6 2.0 

3 10.8 20.3 21.5 0.2 0.2 0 .1 

4 3.1 5.8 7.8 0.0 0.0 0.0 

n 1191 1113 1024 1078 925 946 

Control = H ydrated Lime, LS1 = 1 % ljme sulphur + hydra ted Lime, LS2 = 2% Lime su lphur + hydrated Lime. 
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Figure -1.3: Pnrenla._~e of 'Rq)'al Gala ' 11njil fo r 111arketi11~ dm lo exressire mssel al hm7'1'sl . . \ leans ll'ilh the sa111e let/er are no/ 
s{~11iJira11lj• different (a=O.O5). Co11lrol = ~ydraterl li111e, /_\'! = 1°0 li111e s11lph11r + ~yr/rated li111e, f _C,2 = 2% li1JII' mlph11r 
+ l!J-drated li111e. 

4.5 POSTHARVEST QUALITY 

4.5.1 SIZE 

A log transformation was used fo r weight and di ameter data to stabilize th e \'ariance. The 

transformed values fo r bo th parameters, together with th eir standard erro rs, are displayed 

in Appendix A. Lime sulphur sigruficantly affected the size o f 'Braeburn' apples in terms of 

bo th weight and djameter (Table 4.7, Table 4.8). Apple size decreased with increasing rate 

of application o f lime sulphur. 

Table 4. 7: ll''nght of 'Braeb11m ' at both han•esls and after storage of fruit Jro111 each han•esl. M eam 111ilh the sa111e letter are 110! 
s1g11iJira11tj, rliffirenl in each col1111111 (a=O.O5, 11=60). In !-Jan;esl 2, P=O.O5O2. 

Treatment 
Weig ht [g] 

H arvest 1 H arvest2 Storage 1 Storage 2 

Control 193.832 a 186.239 a 190.406 a 169.836 a 

LS1 164.603 b 157.734 a, b 152.369 b 152.233 b 

LS2 159.911 b 146.641 b 139.439 b 130.998 C 

Control = Hydrated lime, LSl = 1 % lime sulphur + hydrated bme, LS2 = 2% lime sulphur + hyd rated lime, 
Harvest 1/ 2 = 1st / 2nd harvest, Sto rage 1/ 2 = fruit stored from 1st / 2nd harvest. 
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Table 4.8: Diameter of 'Braeb11m ' at both ha111ests a11d after storage of f ruit from each haroest. M eans Jl)ith the sa111e letter are 
11ot sig11ifica11tj 1 dijferent i11 each co/11m11 (a=0.05, n=60). 

Treatment 
Diameter [mm] 

Harvest 1 Harvest 2 Storage 1 Storage2 

Control 74.44 a 74.38 a 75.25 a 71.63 a 

LS1 70.80 b 70.09 a, b 70.02 b 69.63 a 

LS2 70.35 b 68.60 b 67.71 b 66.69 b 

Control = Hydrated lime, LS I = 1 % lime sulphur + hydrated lime, LS2 = 2% lime su lphur + hydra ted ljme, 
Har.es t 1 / 2 = 1 ' 1/2nd bar.est, Storage 1 / 2 = fru it sto red fro m 1 "/2nd han ·est. 

I ime sulph ur did not have a consi stent effect on size in 'Royal Gala' (fable 4.9, 4. 10). 

Table 4. 9: 1/"'ezl(ht of 'Rq)'al Ca/a" at hoth ha1Tests and after stora.e,e of _fr11it Jiv111 each han'est. .\Jeans ll'ith the sa111e letter are 
11ot sze,11ijica11tf)' dijfere11t i11 each roh111111 (a=0.05, 11=60). 

Treatment 
Weight [g] 

H arvest 1 Harvest2 Storage 1 Storage2 

Control 147.894 a 124.268 a 128.493 a 133.464 a 

LS1 141.930 a 133 .085 a 132.358 a 130.487 a 

LS2 143.812 a 138.302 a 133.347 a 136.673 a 

Control = H1·drated lime, LS I = I% lime sulphu r + hydrated li me, LS2 = 2° u lime su lphur + h1·drated lime, 
I-l an ·est I / 2 = I .,/2nd ha n ·est, Storage I / 2 = frui t stored fro m 1 ·•/2nd han·es t. 

Table 4.10: Dia111eter of 'Rqyal Ca/a' at both hc11nsts and after storcie,e o/Jiwl ji-0111 earh han 'est. ,\leans ll'ith the sa111e letter 
are 11ot sze,11iftrant/J' dijjfre11t in earh roh111111 (a=0.05, 11=60). 

Treatment 
Diameter [mm] 

H arvest 1 Harvest2 Storage 1 Storage2 

Control 69.37 a 65.96 a 66.68 a 67.71 a 

LS1 68.32 a 67.37 a 67.30 a 64.97 b 

LS2 68.68 a 68.30 a 67.82 a 67.34 a 

Control = Hydrated lime, LS1 = 1% lime sulphur + hydra ted lime, LS2 = 2% lime sulphur + hydra ted lime, 
Harvest 1 / 2 = 1 "/2nd harvest, Storage 1 / 2 = fruit stored from 1 "/2nd harvest. 
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4.5.2 COLOUR 

4.5.2.1 B ACKGROUND COLOUR 

The data fo r bo th va rieties was no t pooled fo r colour analysis as djfferent rating scales were 

used fo r each cultivar. Lime sulphur negatively affected background colo ur development in 

bo th cultivars (Table 4. 11 , 4 .1 2). Backgro und co lo ur furth er developed during storage, bu t 

djfferences were still apparent afte r sto rage. At harvest as well as after storage, di fferences 

were m ore p rono unced in 'Braeburn ' than in 'Royal Gala'. During storage, the irutially 

lower background co lour o f lime sulphur treated 'Royal Gala' seemed to catch up with that 

o f the control. 

Table 4. 11: Barkgro1111d rolour rating in 'RO)·al Gala' 011 a srale from 1 (grem) to 10 (pl/011~ at both ha,1•es/s and ajifr storaJ!/ 
ofjim"t jivm Mrh hann t . . \Imm ll'ith t!H same letter are 110/ sig11tfirant!;· dijferm! in earh rohmm (n=O.O5. n=6O). 

Treatm ent 
Backg round colour rating 

H arvest 1 H arvest 2 Storage 1 Storage2 

Contro l 4.7 a 5.1 a 7.3 a 7.2 a 

LS1 4.4 a, b 4.6 b 7.2 a 7.2 a 

LS2 4.0 b 4.0 C 7. 1 a 6. 8 b 

S.E. 0 .12 0.13 0 .09 0.06 

Control = Hrdra ted lime, LS 1 = I 01 0 lime sulphur + hr dra ted li me, LS2 = 2° o li me sulphur + hr dra red lime, 
Han ·est 1 / 2 = ] ''/2nd han ·esr, Sto rage I / 2 = fruit stored from ] ''/2nd han ·est, S. E. = sta ndard erro r. 

Fahie 4. 12: Backg,ro1111d colour ra/1\~ in '/3rae/}J(m' on a srale from I C~reen) lo 7 (yel/011 ) al both ha11•es/s and after storage of 
ji,1it from each han•es!. ,Ilea/IS u•ith the same /el/er are 110/ s1i 11ifira11t!y dijferml in earh colu111n (n=O.O5, n=6O). 

Treatment 
Backg round colour rating 

H arvest 1 H arvest 2 Storage 1 Storage2 

Control 3.9 a 4.6 a 5.1 a 5.3 a 

LS1 2.8 b 3.5 b 4.2 a 4.4 a, b 

LS2 2.0 b 2.7 b 3.1 b 3.4 b 

S.E. 0.26 0.27 0.26 0.33 

Control = H ydrated lime, LSI = I % lime sulphur + hydrated lime, LS2 = 2% lime sulphur + hydrated lime, 
Harvest 1/ 2 = 1"/2nd ha1Test, Storage 1/ 2 = fruit stored from 1"/2nd harv est, S.E. = standard error. 
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4.5.2.2 BLUSH 

To stabilise the variance, data for blush percentage was transformed on a log scale. The 

transformed values together with their standard errors are di splayed in Appendix A. In 

both cultivars, blush was consistently lower on fruit treated with lime sulphur compared to 

the control treatm ent (fable 4.13, 4.14). Nevertheless, blush of the control fruit was only 

significantly higher than LS1 and LS2 in the second harvest of 'Braeburn'. 

Table 4.13: Percentage of suiface area blushed 011 'Rl!J•al Ca/a ' al both han •ests a11d after s/ora,ge of fruit fro111 each han ·est. 
,\Jea11s n•ith the sa111e letter are 110/ sig11ijira11tj• different i11 each colu11111 (a =O.O5, 11=60). 

Treatment 
Blush[%] 

Harvest 1 Harvest2 Storage 1 Storage2 

Control 74 a 74 a 78 a 75 a 

LS1 66 a 71 a 73 a 72 a 

LS2 64 a 69 a 71 a 69 a 

Control = H,·drated lime, LS I = I% Lim e sulphur + hr drated lime, LS2 = 2% Jjme sulphur + hydrated lime, 
1--far,est I / 2 = I ' 1/ 2nd han ·cst, Sto rage I / 2 = fruit stored from I "/2nd han·est. 

Fahie .f..1./.: Perrenta,~e ofmifare area hlushed 011 'B rae!J11m' al both h{J/nsts and ajier stora,ge o/ji-uit fro111 earh han•est. ,\Jea11s 
il'ith the sa111e letter are 110 s1;~11ijira11tfy dijj'ere11t i11 earh rohm111 (a=O.O5, 11=60). 

Treatment 
Blush[%] 

Harvest 1 Harvest 2 Storage 1 Storage2 

Control 57 a 59 a 58 a 61 a 

LS1 44 a 46 b 49 a 51 a 

LS2 50 a 46 b 42 a 39 a 

Control = Hydrated Lime, LS I = 1 % Lime sulphur + hydra ted lime, L 2 = 2% Lime sulphur + hydrated Lime, 
Han·est 1 / 2 = 1st/2nd harvest, Storage 1 / 2 = fruit stored fro m 1 "/2nd han·esr. 
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4.5.3 FIRMNESS 

T o stabilise the va riance, an inverse transformation was used for the firmn ess data. The 

transform ed values together with their standard errors are di splayed in Appendix A. Apples 

o f bo th cultivars showed a trend toward s lower flesh firmness at harves t w ith increasing 

rate o f applicatio n of ]jme sulphur (Table 4.1 5, 4.16). These differences were only 

stati stically signifi cant in the second harvest (I n the first harvest, P=0.106 and 0.0843 fo r 

'Royal G ala' and 'Braeburn ', respectively) . After sto rage, thi s trend remained in 'Braeburn ', 

but differences were not stati stically significant. Res ults fo r sto red 'Royal G ala' were 

inconclusive. The trend toward s lower fl esh firmn ess was actually reversed with lime 

sulphur treated fruit being firm er than the contro l in Storage 1, whereas res ul ts we re no t 

signifi can tly different in Sto rage 2. 

Table 4.15: Flesh jim111ess i11 'R(!)•al Ca/a· at both hc117'fsts and after stora,ge of Jmit from earh han·est. ,\ lea/IS ll'ith the same 
letter are 11ot sig11ijira11t!J• different i11 each roh111111 (a=0.05, 11=60). 

Treatment 
Flesh firmness [NJ 

Harvest 1 Harvest2 Storage 1 Storage2 

Control 89.7 a 81.9 a 51.5 a 48.9 a 

LS1 88.6 a 78.2 a 53.6 a, b 50.6 a 

LS2 83.5 a 74.3 b 55.4 b 49.0 a 

Control = Hydrated lime, LS I = 1 % lime sulphur + lw drared lime, LS2 = 2% lime sulphu r + hydra ted lime, 
1 lan ·esr 1 / 2 = l '1/ 2nd han ·es r, Storage I / 2 = fruit stored from l •1/ 2nd han ·esr. 

Table 4. 16: Flesh jimmess i11 'B rafl)//m' at hoth han•ests and after storaJ!l of Jim"t from ec1rh ha1nrt. ,\ leans 11 -ith the same 
lettn- ai"/' not S(g11ijica11t(;• different i11 earh ro/1111111 (a=0.05, 11=60). 

Treatment 
Flesh firmness [NJ 

Harvest 1 Harvest2 Storage 1 Storage2 

Control 77.9 a 74.7 a 74.0 a 75.2 a 

LS1 77.7 a 71.7 a, b 73 .9 a 73 .1 a 

LS2 73.2 a 69 .0 b 72.9 a 71.5 a 

Control = Hydrated lime, LS1 = 1 % lime sulphur + hydrated li me, LS2 = 2% lime sulphur + hydrated lime, 
Harvest 1 / 2 = 1 "/2nd han 1est, Sto rage 1 / 2 = fruit stored from 1st / 2nd harvest. 
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4.5.4 SOLUBLE SOLIDS CONTENT 

In treatments containing Lime sulphur, soluble solids content (SSC) was consistently lower 

in both cultivars at harvest and after storage (Table 4.17, Table 4.18). Differences between 

treatments were less prono unced in 'Royal Gala' than in 'Braeburn' and were in mos t cases 

not statisticaUy significant. 

·rC1b!e 4.1 7: Soluble so/iris co11tent i11 'RqyC1! CC1IC1' Cl! both hC1n·ests C111rl efter storC1ge of Jmit J,-0111 eC1ch hm1•est. i\lem1s ll'ith the 
SCIIJ/e letter C1re 110/ sig11ijim11t!J• different i11 Mrh roh111111 (a=O.O5, 11=60). 

Soluble solids content[%] 

Treatment Harvest 1 Harvest2 Storage 1 Storage2 

Control 10.4 a 10.5 a 12.1 a 12.3 a 

LS1 10.4 a 10.3 a 11.7 a 12.0 a, b 

LS2 9.8 a 10.1 a 11.4 a 10.9 b 

S.E. 0.19 0.31 0.24 0.34 

Control = H\'drated lime, LS 1 = 1 % lime su lphur + h)·drated lime, LS2 = 2% lime sulphur + hydrated lime, 
I Ian-est 1 / 2 = l' 1/ 2n<l han ·cst, Sto rage 1 / 2 = fruit sto red fro m 1"/2nd han-est, S.I::. = sta nd ard error. 

Fahie 4. 18: .\" oluhle so/iris ro11tent i11 "Bme/)l{m ' Cl! hoth hmnrts m1rl after stom,_l!,e of Ji,1it Ji-0111 eC1rh hmnrt. , \leans u•ith the 
St/I/If /et/er are /IOI szf!,11ijirm1t!)' rlijferen/ i11 ear/; roh111111 (a=O.O5, 11=60). 

Treatn1ent 
Soluble solids content[%] 

Harvest 1 Harvest2 Storage 1 Storage2 

Control 10.0 a 10.7 a 11.5 a 11.4 a 

LS1 9.6 a 9.7 a 10.9 a 10.7 a, b 

LS2 8.9 b 9.3 a 10.1 b 9.9 b 

S.E. 0.1 9 0.31 0.24 0.34 

Control = Hyd rated lime, LS 1 = 1 % lime sulphur + hydrated lime, LS2 = 2% lime sulphur + hydra ted lime, 
Harves t 1 / 2 = 1st/2nd harvest, Storage 1 / 2 = fruit stored fro m 1 st/211 d harvest, S.E. = stand ard error. 



Chapter 4: Results 47 

4.5.5 STARCH PATTERN INDEX 

In 'Royal Gala', starch pattern index (SPI) was significantly higher at harvest in fruit treated 

with Lme sulphur compared to the control (fable 4.19). After storage, the trend towards a 

hjgher SPI in sulphur-treated fruit remained, but differences between treatments were not 

statistically significant (fable 4.19). In 'Braeburn', fruit at harvest tended towards a lower 

SPI when treated with lime sulphur, but differences were not statistically significant (fable 

4.20). However, afte r storage this trend was reversed and LS2 had a significantly higher SPI 

than LS1 and th e control (fable 4.20). 

Table 4.19: Starrh pat/em index i11 'RC!)'al Ca/a' 011 a srale Jro111 0 lo 6 al both han ,ests and after stora,_~e of fruit Jiv111 each 
han'esl. ,\Jeans ll'ith the sa111e letter a/'I' 110/ si;!.11ijica11t!J, rli[ferl'III i11 earh ro/1111111 (a=O.O5, 11=60). 

Treatment 
Starch pattern index 

Harvest 1 Harvest2 Storage 1 Storage2 

Control 0.7 a 1.6 a 5.8 a 5.6 a 

LS1 1.1 a 2.2 b 5.9 a 5.7 a 

LS2 2.3 b 3.2 C 6.0 a 5.9 a 

S.E. 0.23 0. 14 0.13 0.14 

Control = Hn!rated lime, LS I = I% lime sulphur + hydrated lime, LS2 = 2°·o lime sulphur + hnlrated lime, 
Han ·est I / 2 = I ' 1 / 2nd han ·est, Storage I / 2 = fruit stored from 1 "/2ncl han ·est, S.E. = standard error. 

·1 able 4.20: S larch pat/em index i11 'Brae/}//171' 011 a scale Ji·o111 0 lo 6 al hoth han 'esls a11rl after slora.,~e of / mil Jiw11 each 
han ·est. ,\leans ll'ith the sa111e letter ,ire 110/ s1;~11ijica11t!J, dijfermt i11 earh ro /1111111 (a=O.O5, 11 =60). 

Treatment 
Starch pattern index 

H arvest 1 H arvest2 Storage 1 Storage 2 

Control 2.7 a 2.5 a 4.9 a 4.7 a 

LS1 2.2 a 2.3 a 5.0 a 5.0 a 

LS2 2.2 a 2.1 a 5.6 b 5.5 b 

S.E. 0.23 0.14 0.13 0. 14 

Control = Hydrated lime, LSI = 1 % lime sulphur + hydrated lime, LS2 = 2% lime su lphur + hydrated lime, 
Han1est 1 / 2 = I "/2nd harvest, Storage 1 / 2 = fruit stored from I "/2nd harvest, S. . = standard error. 



Chapter 4: Results 48 

4.5.6 TITRATABLE ACIDITY 

A log transformation was used for the acidi ty data to stabili se the vanance. The 

transformed values together with their standard errors are displayed in Appendix A. The 

first harvest of 'Royal Gala' could not be analysed fo r titratable acidity (fA) due to 

equipment failure. In 'Royal Gala', there was a consistent trend at harvest and after storage 

towards lower TA in fruit treated with Lime sulphur, but only in the second harvest, was 

LS2 significantly lower than the control (fable 4.21 ). Lime sulphur did not affect TA in 

'Braeburn' (fable 4.22). 

Table 4.2 1: Tilralable acidilJ' i11 'Rqyal Gala' al both ha,1,es/s a11d after slor1ge offmil f ro111 rach hat7'esl. Means 111ilh the sa111e 
leller are 110/ sig11ijicc111l!J' differml i11 each colH11111 (a=O.O5, 11 =60). ill Stora_r,e 1, P = 0.056 1, i11 Slot,{ge 2, P = 0.0518. 

Treatment 
Titratable acidity[%} 

H arvest 1 Harvest2 Storage 1 Storage 2 

Control n/ a 0.435 a 0.361 a 0.355 a 

LS1 n/ a 0.400 a, b 0.335 a, b 0.320 a, b 

LS2 n/ a 0.376 b 0.313 b 0.303 b 

Co ntro l = H yd rated lime, LS I = I% lime sulphur + hydrated lime, LS2 = 2°1
0 lime su lphur + h1·drated lime, 

Han ·cs t 1 / 2 = l ' t / 2nd han ·esr, Storage I / 2 = fruit stored from i ' 1/ 2"'1 han ·es r. 

Table 4.22: Tilralah!e aridil]· i11 'Brael)//m ' al both han ·esls a11d ajier s/orc(/!,f o/fmil jiw11 earh h{,//7'fJI. ,\lea11s ll'ilh the same 
/el/er are 110/ si.[!,11ijica11l(J' differml i11 rarh ro/1111111 (a= O. O5, 11=60). 

Treatment 
Titratable acidity[%} 

H arvest 1 Harvest2 Storage 1 Storage2 

Control 0.583 a 0.574 a 0.590 a 0.600 a 

LS1 0.621 a 0.592 a 0.599 a 0.6 11 a 

LS2 0.605 a 0.574 a 0.606 a 0.620 a 

Control = H ydrated lime, LSI = 1 % lime sulphur + hydrated lime, LS2 = 2% lime sulphur + hydrated lime, 
Harvest 1 / 2 = 1st/2nd harvest, Storage 1 / 2 = fruit sto red from 1st/2nd harvest. 
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4.5.7 DRY MATTER 

D ata fo r percent dry matter (DM) was transformed o n a log scale to stabili se the variance. 

The transformed values together with their standard errors are dj splayed in Appendix A . In 

bo th cultivars, D M decreased with increasing application rate o f lime sulphur (Table 4.23). 

Values were o nly available fo r the first harvest. In 'Braeb urn ' , all treatments were 

sigruficancly rufferent; in 'Royal Gala', D M of apples in LS2 was sigruficancly lower th an 

that of LS 1 and the control. 

Table 4.23: D I)' 111atter co11/enl of 'R (!J'al Ca/a' and 'Braeb11m ' al the fir.rt han,est. Means ll'l°lh the sa111e letter are not 
sig11ifica11tj 1 diffm11t in each co/1111111 (a= 0.05, 11=60). 

Treatm ent 
Dry matter [ %] 

'R oyal Gala' 'Braeb urn' 

Contro l 12.65 a 12.11 a 

LS1 12.29 a 11.1 4 b 

LS2 11 .56 b 10.40 C 

Control = H1·drated lime, LSI = 1% li me sulph ur + hydrated lime, LS2 = 2% lime sul phur + lw cl rarecl Li me. 
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DISCUSSION 

The results obtained in this study confirmed earli er findings on the influence of lime 

sulphur on the photosynthetic rate of apple trees. Mo re impo rtantly, this is the first study 

to show that the application of lime sulphur leads to residues of sulphur in th e fruit, which 

in part are metabolites of sulphur in the form of thiol compo und s. In addition, different 

rates of Lime sulphur influenced th e posth arves t quality o f apples to \'arying degrees. It is 

crucial to no te th at both culti\·ars investigated, 'Ro~·al Gala' and 'Braeburn ', were affected in 

the same \\·ay. So fa r, the organic industry claims that o nly 'Braeburn' is difficult to grow 

o rganically. The fact that the quality of 'Royal Gala' is affected by lime sulphur as well and 

that both cultivars contain high residues o f sulphur is impo rtant as it means th at any 

excessive use of lime sulphur in organic apple production is questio nabl e. These results are 

di scussed in detail in the fo ll owing sections. 

5.1 PHOTOSYNTHE SIS 

The application o f lime sulphur led to a sharp, statis tically significant decrease in the 

pho tosynthetic rate o f 'Braeburn'. The reduction in the photosynthesis o f 'Royal Gala' was 

less and mostly not statistically significant. 

Earlier studi es have already reported a reduction of photosynthesis in 'Braeburn' after lime 

sulphur was applied (M:cArtney et al., 2006; Palmer et al. , 2003). The application o f lime 

sulphur also led to a reduction in the photosynthesi s o f o ther apple cultivars ('Royal Gala', 

'Pacific Rose' and 'Fuji ') , but photosynthesis recovered the next day in all cultivars except 
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'Braeburn' 0-Wuensche1, personal communication). A decrease in photosynthesis of apple 

trees due to the appljcation o f ume sulphur was first reported in the 1930s (Hoffman, 1935; 

H yre, 1939). H ydrogen sulphide is emitted with the appucation o f ume sulphur and is 

possibly th e agent responsible for inhibiting photosynthesis. This has been shown for 

vari o us other plant species (De Kok et al., 2002; Maas et al., 1988; Ouvia & Steubing, 1976; 

Steubing, 1979). Several reasons for a decrease in the photosynthetic rate have been 

proposed. It has been sugges ted th at the presence of hydrogen sulphide lead s to a 

reduction in chlorophyll (Steubing, 1979) as well as inhjbitio n of electron transpo rt and 

CO2 fixation (Maas & D e Kok, 1988; Maas et al., 1988). Moreover, it has been suggested 

that an accumulati o n of starch in 'Braeburn ' leaves may lead to a feedback inhibition of 

photosynthesis 0-Wuensche2
, personal communication). 

The application of lime sulphur or hydrogen sulphide can also result in vis ible leaf damage 

and leaf necrosis (C unningham, 1935; De Kok et al., 2002; Holb et al. , 2003; H olb & 

H ei jne, 2001; Maas et al., 1988; Steubing, 1979; T weedy, 1981 ). ln the current trial, damage 

to the leaves was not o bvious until the start of the year 2007, although spraying had started 

in October of the previous year and fi ve applications of lime sulphur had been made. 

Leaves of 'Braeburn' trees treated with lime sulphur showed obvious browning (F igure 

5.1 ), but 'Royal Gala' leaves were not affected. Poor leaf co ndition of organically-trea ted 

'Braeburn' has been reported previously (Palmer et al. , 2003). This leaf damage m ay also be 

th e reason fo r the depressed photosynthetic rate in 'Braeburn'. 

D oubli ng the dose of ume sulphur did not double the impact on the photosynthetic rate . 

Although LS2 had a lower photosynthetic rate than LS 1, these differences were not 

statistically significant. A 50% decrease in photosynthesis has been reported earlier for 

'Braeburn' treated with any form of sulphur compared to fungicide treatments not 

containing sulphur (Palmer et al., 2003). In the current study, an even greater decrease in 

photosynthesis to less than 20% of the control value was o bserved o n 'Braeburn' trees 

treated with the highest rate of lime sulphur (2% , LS2). 

1 Prof. Dr. J. Wuensche, Universi ty of Hohenheim, Stuttgart, Germany, July 2006 
2 Prof. Dr. J. Wuensche, University of H ohenheim, Stuttgart, Germany, July 2006 
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F{~m-e 5. 1: OalJ/a,ge rauserl I!)' li1J1e sulphur to ·Braellllm ' leans: Control (l!yrlraterl li1J1e, left), I ~f 1 (1 ° o li1J1e sulphur + 
l!yrlraterl !i1J1e, 111irlrlle) a11rl I _<;2 (2% li111e sulphur + hj•rlraterl li111e. right). 

The study only evaluated th e impact of different doses of lime su lphur in 11 applications 

throughout th e seaso n fro m October to February, but thi s research was no t designed to 

explo re the impact of ,·aryi ng numbers of spray applications as weU as different timing (e.g. 

only early in the season ,·s. throughout the season). Harves t was app roximately one and 

two m onths after the last spray treatment in 'Royal Gala' and 'Braeburn ', respecti ,·ely. Due 

to labo ur, budget and time constraints, spray treatments were starred late r than planned and 

overaLI fewer lime sulphur sprays were applied than was desirable and is common industry 

practice. The average number of sprays o f lime sulphur in the Hawke's Bay growing region 

in the 2006/ 07 season was 15 for 'Royal G ala ' and 'Braeburn' , but up to 40 spray 

applicati ons were observed on some properti es on 'Royal Gala' and up to 24 on 'Braeburn' 

Q. Walker3, personal communication). In the Hawke's Bay, lime sulphur is often applied 

many times early in the season before the actual fruit development and less late in the 

season O. \Valker4, personal communication) . In the Manawa tu, where rain is common later 

in the season, further applications of lime sulphur are necessary during apple development. 

Long periods of rain can also occur in the Hawke's Bay in January and February in some 

years which would mean that further sprays are necessary. The application of lime sulphur 

early in the season, during active leaf growth only, might mean that newly emerging leaves 

can compensate for the lost pho tosynthetic rate of the ones treated with lime sulphur. It 

3 Dr. J. Walker, HortResearch , Havelock North, New Zealand, August 2007 
4 Dr. J. Walker, HortResearch , Havelock orth, New Zealand, August 2007 
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has also been reported that 'Braeburn' needed up to 51 days for its photosynthetic rate to 

recover after the application of lime sulphur (McArtney et al., 2006) . A recovery would 

therefore not be possible if lime sulphur was used as a fungicide througho ut the season and 

thjs constant decrease o f photosynthesis will have a major impact on tree and fruit growth. 

Reduced tree growth has been reported when lime sulphur was applied, but was o nJy 

apparent after several years (Mjlls & LaPlante, 1954) and no t after o ne season (Palmer et 

al., 2003). The trees in the trial orchard at Massey Uruversit:y \Vere all planted at the same 

time on the same rootstock and have been treated with lime sulphur extensively for black 

spo t control ever since. There are obvious rufferences in the trunk cross sectional area and 

tree size of both cultivars with 'Braeburn ' trees being a lo t smaller th an 'Royal Gala'. 

Sustainability is an underlying concept of o rgaruc farming and will become increasingly 

impo rtant in the future . Sustairung and increasing yields will be necessary to feed the 

growing populati on o f the world and a m o re immediate ques tion fo r the grower is the 

economic sustainabilfry of th e o rgaruc orchard. It is ques tio nable if the use of lime sulphur 

can be deemed sustainable if it leads to a decrease in yield and seyere damage to the trees, 

especialJy o f the 'Braeb urn' Yariety. 

5.2 SULPHUR 

Results from thj s study show that residues of the appli ed ]jme sulphur can be fo und both in 

the fruit and on th e skjn of the apple. In additi on, part o f the sulphur was metabolj zed , 

resulting in higher co ncentrations of thjol compounds in the fruit. D espite the number of 

lime sulphur sprays applj ed being lower than what is commercial practice, sulphur residues 

were highly sigrufican t. In adrution, on commercial o rchard s, ]jme sulphur use on 'Royal 

Gala' is generally higher than o n 'Braeburn' because the negative effects o n the 'Braeburn' 

tree are known. That would mean that residues on 'Royal G ala' could be even hjgher. 

The apple skin and flesh were analysed at harves t for total sulphur and for total water­

soluble non-protein thjols and cys teine, a sulphur-contairung amino acid. The application 

o f lime sulphur led to a highly sigruficant increase in the total sulphur content of both skin 

and flesh in both cultivars. Apples were washed before pee]jng and analysis . Commercially, 

apples are usually washed in floatation tanks prio r to packing, but on the one hand, this 

may not remove the excess sulphur and on the other hand, commercial washing may not 

be employed by small scale orgaruc producers whose products are destined for the lo cal 

market. Due to consumers' fear of pesticides in conventional production, they may wash or 



Chapter 5: Discussion 54 

peel fresh produce before consumption. However, the behaviour of consumers of organic 

products may be different due to the spray-free or residue-free image that these products 

enjoy. Anecdotal evidence suggests that consumers either wash or peel an apple before 

eating it, or may simply rub the fruit to remove dirt and make it shiny. Furthermore, briefly 

washing an apple under running water is unLikely to remove all sulphur residues. Despite 

tho ro ugh washing before analysis, the compl ete removal of sulphur deposits co uld no t be 

guaranteed , so skin increases may be attributed at leas t in part to spray residues. \,X/hen 

peeLing the apple, som e remaining sulphur residues may have been transferred onto th e 

fl esh, creating the po tential for contamination. However, the increase in fl esh sulphur 

content is too high to be attributed to contamin ati on only. 

The analysis of sulphur in the form o f total water-soluble non-protein thiols and cysteine 

showed an increase in both these compounds in the fl esh and the ski n of both apple 

cultivars at harvest, w hich proves the assimilation of the appLied sulphur by the plant. 

Therefore, the increase in the total sulphur content o f apples treated with Lime sulphur 

cannot solely be attributed to contamination by spray residues. As mentioned ea rlie r, 

hydrogen sulphid e is emitted when Lime sulphur is appli ed and at the time of spraying and 

in the days afte rward s, levels of H2S in the ai r were possibly significant, at least above the 

detectable threshold of 0.02µ 1/ I air (Beauchamp et al. , 1984). lt is likely that the lime 

sulphur was taken up in the fo rm of H2S, which would support proposals by D e l,ok et al. 

(1991; 1989; 1998). They showed th at hydrogen sulphide can be taken up bv plants through 

the stomata . Studies have no t included frui t-bearing pl ants, so it may be possibl e that 

hydrogen sulphide is taken up by the apple tree either by the leaves or by the apple itself. 

The uptake o f H2S by other plants led to increased levels o f water-soluble no n-p rotein thiol 

compounds, namely cysteine and glutathione (De Kok et al. , 1991; D e K ok et al. , 1989; D e 

Kok et al. , 1998). Glutathione is a tripeptide of cysteine, glutamate and glycine. The g reater 

part of the total thi ol pool in plants is glu ta thione, whereas cysteine is only a minor part 

(De K ok et al., 2002). Glutathione was no t analyzed in the current study due to time 

constraints, but it is m ost likely that the greater part o f total thiols in apples is glutathio ne, 

too. Research on the uptake of H2S by plants has shown that upon termination of H2S 

exposure, thiols were either metabolized o r transported to other parts of the pl ant (De 

K ok, 1989, 1990), e.g. the roots (De Kok et al., 1997; De Kok et al., 1998; D e Ko k et al., 

2002; Herschbach et al., 1995a, b; Poortinga & D e K ok, 1997; T ausz et al., 1998; 

Westerman et al., 2000), but no information was found in the literature on fruit-bearing 

plants. If lime sulphur was taken up in the form of hydrogen sulphide by the leaves of 



Chapter 5: Discussion 55 

apple trees, duo] compounds could have been transported in the phloem from there to the 

fruit together with other nutrients. If sulphur was taken up by the fruit itself, it would be 

unlikely for its metabolites to be transported out of the fruit during active cell growth as 

the mai n flow of nutrients is from source 0eaves) to sink (growing fruit) and not 

backwards, as main nutrients, i.e. carbohydrates are incorporated into the fruit (Mjranda et 

al., 2002; Taiz & Zeiger, 2002) . 

As has been menti oned in the previous section, the d ecrease in the photosynthetic rate o f 

'Braeburn' may be attributed to starch accumulating in the leaves O. \X/uensche5 
- personal 

co mmunication) . If there is a problem with phloem loading or transport, sulph ur 

compo unds from th e leaf are unJjkely to be transpo rted to the fruit in 'Braeburn ', which 

means 'Royal Gala' apples sho uld have a higher sulphur content. However, thi s hypothesis 

was not verified in the current trial as the increase of total water-soluble non-protein tru ols 

and cysteine fo llO\\·ed si milar patte rns in bo th culci vars. Figure 5.2 and Figure 5.3 show th e 

concentrations o f to tal thiols and cys teme in the skjn and fl esh of 'Royal G ala' and 

'Braeb urn ', respectively. 

1.6 

1.4 

~ 

$ 1.2 
i6 
E 
~ 1 

"C 
Cl 

g 0.8 ,.... 
Cl 
E 
':' 0.6 
::, 
.c 
Q. 

~ 0.4 

0.2 

0 

.. .. 
Skin - Total Th iols 

Skin - Cysteine 

Flesh - Total Thiols 

Flesh - Cysteine 

L --1 -:-:-. . 

Control 

---
------- ---1 - - t---- ... · -1 

1!! ...... . 

LS1 
Treatment 

LS2 

Figure 5.2: Sulphur metabolized into total 1vater-sol11ble non-protein thiols and 1ystei11e in skin and flesh of 'Rqyal Gala ' at 
harvest (Control= l:!ydrated lime, LS 1 = 1% lime s11lph11r + hy drated lime, L.S2 = 2% lime s11lph11r + f.!Jidrated lime). 

5 Prof. Dr. J. Wuensche, University o f Ho henheim, Stuttgart, Germany,July 2006 
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The graphs show the concentrations of cysteine and thi o ls in terms o f th e amo unt o f 

sulphur th ey contain. This app roach was taken because cysteine was used to produce the 

calibration curve. Cysteine has a single SH gro up aYail ab le fo r binding to D TNB. However, 

it is not known which m olecules m ade up the total thiols analyzed and how many SH 

gro ups each m olec ule had a\-ailab le fo r binding. The cysteine ca]jbration curH (Figure 4.1 

on page 37) indicates how many m oles of SH-gro ups were binding to produce a certain 

colo ur depth and it is therefore possible to calculate how m any millig rams of sulphur we re 

in the solution. 

'Braeburn' contained s]jghtly m ore total thi ols and cysteine in both skin and flesh than 

'Royal Gala'. D o ubling the app]jcation rate of ]jme sulphur approximately doubled the 

assimilation o f thiols in the fl esh o f both cultivars. Cysteine levels increased to a simiJar 

extent in bo th flesh and ski n. Sulphur assimilation into total thiols approximately doubled 

again in the skin when an additional 1 % o f lime sulphur was applied in LS2. This may 

indicate that at a high application rate of 2% lime sulphur and therefore presumably high 

atmospheric concentration of H 2S, there may be an additional uptake of hydrogen sulphide 

through the apple skin. As onJy three data points are available, furth er research is necessary 

to determine if this conclusion is legitimate. The high sulphur value in treatment LS2 may 

have occurred by chance and the relationship between lime sulphur application rate and 

thiol content may actually be linear. Possible ways to confirm if sulphur is taken up by the 
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fruit or the leaf co uld involve spraying separate parts o f the tree with Lime sulphur while 

covering o ther parts. A radioactive sulphur isotope (S35
) could be used to make Lime 

sulphur to track the appli ed sulphur in the plant. Thi s type o f research sho uld be carried 

out in a glass ho use on po tted trees to exclude environmental influences and contain the 

radioactive m aterial. 

The percentage o f total sulphur in the fo rm o f thio ls va ried from 1.3 to 3% in the skin and 

from 2.9 to 7% in th e fl esh. The increase in total sulphur could only to a minor part be 

attributed to th e increase in thio l compo unds. So there was a large amo unt of sulphur in 

apples treated with lime sulphur that was unacco unted fo r. In the fl esh, 11 .6 to 28.4 mg/ 

100 g dry m atte r and in the skin , 25 .1 to 54.2 mg/ 100 g dry matter were either spray 

residues o f Lime sulphur o r other sulphur co mpound s not analyzed in this stud y. \'(/hereas 

sulph ur on the skin could be attributed to spray res idues, it is unli kely that these high 

amo unts of sulphur in the fl esh were due to co ntamination from the skin w hil e peeling. 

Further research is necessary to evaluate the nature of the sulphur res idues. 

T hese res ul ts are of great significance to th e ind ustry. O rganic products are not spray- free, 

as although not syn thetic, a lot of sp rays are app lied in organic pest and disease 

management. Nevertheless, products fro m o rganic production shou ld be residue-free. T he 

cu rrent study showed that the re were considerable sulphu r residues as well as metabolites 

of sulph ur in the apple. T hese resul ts comp romise the residue-free status of o rganic apples 

and need urgent atten tion. Furth ermore, research is necessary to evaluate the nature of the 

sulphur res idues that were no t thio l compo unds. 

Many consumers perceive o rgani c p roducts to be healthier than the conventional 

alternative (Baker et al. , 2004; Ro th et al. , 2004; Saba & Messina, 2003). Increased levels of 

to tal water-soluble non-protein thiol compo und s are unlikely to have a nega tive health 

effect. Earlier studies suggest that glutathio ne is the majo r compound responsible fo r the 

increase in to tal thi ols (De K ok et al., 2002). G lutathi one is an anti oxidant and therefore 

may be nutritio nally valuable. H owever, glutathione is no rmally synthesized by the body 

and it has been shown that o ral supplementation is no t effective in increasing glutathione 

levels in humans (Witschi et al. , 1992). Moreover, no t all o f the sulphur had been 

metabolized into antioxidants. A large am o unt was unaccounted fo r and m ay therefore 

either be attributed to spray residues o r o ther sulphur compounds. The impact of increased 

up take o f those sulphur residues needs to be evaluated especially considering the perceived 

health benefits o f o rganic products. 
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Consumers believe that orgaruc food tastes better (Baker et al., 2004; Saba & Messina, 

2003). The way in wruch increased levels of sulphur compounds may influence taste is 

unknown. Residues of elemental sulphur on the skin may, however, have a significant 

impact on flavour. As no taste panels were performed in the current trial due to time and 

budget constraints, the true effect of increased lime sulphur application on flavour could 

not be evaluated. H ow ever, the p ossibility o f a sig nificant impact o n co nsumer acceptance 

sho uld not be ig n o red and needs further study. 

The current study was n o t designed to evaluate differences between the treatments after 

long-term co mmercial storage conditions. It w o uld th erefore be pure sp eculati o n that the 

application o f lime su lphur would impact o n storage life o r that the residues of p ossibly 

anti oxidants would have a p ositive effect. As apples are commercially stored for a 

considerable time fram e, thi s iss ue needs further attention. 

I t would be in the b est interes t of the organic industry to find an alternative to lime sulphur 

in the lo ng- term , i.e. develop new fungicides o r disease- resistant apple cultiva rs. As these 

developments take time, a sho rt-term solution could be the m o dificatio n of spray 

sched ul es. In this study, m o re residu es were fou nd in appl es subj ect to hig her application 

rates. D ecreasing the total am ount of lime sulphur used in the season will therefore 

decrease residu es. As outl ined in section 5.1, comme rcial practice som eti m es differs in the 

am o unt and timing of sprays fro m what was applied in the current trial. D espite a hig her 

number o f applications throughout early season in commercial o rch ard s, there may be 

fewer residues in the appl e at harvest as less sulphur is applied directly to the fruit a nd the 

time be tween the las t sulphur applicati o n and harvest is lo nger. This d oes not m ean, 

h owever, tha t there a re no sprays applied at ail. A lth o ug h long periods of rain in J anuary 

and February are less co mmo n in the Hawke's Bay than in the Manawatu , they d o o ccur in 

some years and th ere m ay be a need for applying sprays directly to the developing fruit. 

Some o rchards now switch completely to copper in the second half of the season , but there 

are still m any that apply lime sulphur throughout the season (M. Glogau6, J. Walker7, 

personal communication). It should also b e co n sidered here, tl1at often m o re sprays are 

app lied to 'Royal Gala' than to 'Braeburn' in total (refer to section 5.1 ), because 'Royal 

Gala' is not thought to suffer from the lime sulphur application. Sulphur residues could 

6 Dr Michelle Glogau, BioGro New Zealand Ltd, Wellington, New Zealand, September 2007 
7 Dr Jim Walker, HortResearch , Havelock North, New Zealand, August 2007 
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therefore b e co nsiderable on 'Royal Gala' o r o ther cultivars not considered sulphur­

sensitive. Even if lime sulphur is not applied clirectly to the fruit , if hydrogen sulphide is 

taken up by the apple leaves, a transport to the growing apple may still take pl ace after early 

season spraying. Sulphur residues on the skin could possibly be removed by a suitable 

washing procedure, for example a high pressure apple washer, but th e increased sulphur 

content in the fl esh o b vio usly cannot b e removed. 

The use o f co pper as a co ntrol measure fo r black sp o t was no t clirectly part of thi s study, 

but it sh o uld b e m entio ned that although copper is ve ry effective in controlling black sp o t 

it cannot be seen as a soluti o n to th e problem s enco untered with the use o f bme sulphur. 

Copper is a heavy m etal and its use is res tricted in ew Zealand to 3 kg p er hectare per 

yea r (BioGro, 2001 ). H owever, considering that copper accumulates in th e soil , this is a 

large amount to b e applied every yea r and wiU in the lo ng- te rm lead to severe copper 

toxicity p roblem s. High levels of copper ultimate ly inhjbit plant growth and soil li fe 

(Beresford e t al. , 1991 ) . i\foreoYer, it has not been tested yet if copper causes res idues in o r 

o n the apple (M. Glogau8, personal comrnurucation). 

5.3 BLACK SPOT 

H yd rated lime was not successful in controlling black spot on 'Royal Gala', but lime 

sulphur decreased the incidence and se,·erity of black spot significantly. Nevertheless, in 

treatment LS2 at harvest, 21 % of fruit were not marketable. The extent to which black spot 

would h ave developed during storage was not evaluated. 'Royal Gala' trees in the tri al 

orchard su ffe red heavy disease pressure, both because neighbouring trees were treated with 

hydrated lime w hich did not achieve satisfactory control and because the 2006 / 07 season 

p roduced a large number of infection pe riod s with lo ng period s of warm and humid 

weather. Moreover, an issue was that spray treatments were not started earlier in the season 

as they were withheld until the trial design was confirmed. Fewer sprays were applied in 

total due to labour constraints. 

AJthough 'Braeburn' sprayed with lime sulphur showed less black spot than the control, 

these clifferences were no t sta ti stically sigruficant. Be tween treatments, 24.5% to 32.3% of 

fruit were affected at harvest. Again, the possible develo pment o f storage scab was not 

8 Dr MicheUe Glogau, BioGro New Zealand Ltd, Wellington, New Zealand , September 2007 
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evaluated. 'Braeburn' and 'Royal Gala' are both cultivars susceptible to black spot 

(Hampson & K emp, 2003; Quamme et al., 2005; Washington et al., 1998). 'Braeburn ' is 

highly susceptible to leaf scab, but has a lower incidence of fruit scab (\Xlashington et al. , 

1998) and has been repo rted to have partial disease resistance (McCarthy, 1994). Trees in 

the trial orchard are also an early clone of 'Braeburn' and possibly have some resistance 

against black spot as trees were always affected to a lesser extent than the 'Royal Gala' trees 

at thi s site. It is interes ting though, that lime sulphur did no t significantly decrease the 

incidence o f black spot o n 'Braeburn', and this result has not been explained . Copper was 

only applied once at the begi nning of September 2006. The timing o f applicatio n plays an 

important factor in disease control as most fungicides have only protective action , i.e. they 

cannot cure black spo t o nce establi shed (Atkinson et al., 1956). The developmental stages 

are slightly shifted in both cultivars with bud break occurring earli er in 'Braeburn'. As 

copper was only applied once, the timing may have been suitable fo r 'Braeburn' fo r 

protecti ng newly emerging leaves, but buds were still closed on 'Royal Gala' trees. 

The trial should not be seen as a study on the effectiveness of hyd rated lime and lime 

sulphur per se. Blac k spot was a major p roblem due to late start and inadequate number of 

sprays despite several infection periods during the season. Fruit free of disease would have 

been desirable to eliminate any confo unding facto rs and therefore apples with a low 

incidence of black spot were chosen fo r posthar-vest quality analysis. 

5.4 R USSET 

Lime sulphur did not increase russet development on 'Braeburn '. Thi s was expected as the 

cultivar 'Braeburn' is generally not prone to russet (Palmer et al., 2003). Palmer et al. (2003) 

reported increased russet on 'Braeburn' apples when treated with copper, but no t when 

sprayed with lime sulphur. In the current trial, th e application of lime sulphur significantly 

increased russet occurrence in 'Royal G ala', but the co ncentration of lime sulphur did not 

make a difference. Russet is an issue because above a certain level th e fruit is not 

marketable for export. On some apples treated with lime sulphur, nearly the co mplete 

surface was covered with russet (Figure 5.4). These fruit were also too small for market 

standards. In the current trial, 27% of 'Royal Gala' were lost due to russeting in treatments 

containing lime sulphur compared to 15% in the control , when no other factors (e.g. black 

spot, other diseases and size) were considered. H owever, the application of lime sulphur 

was necessary to control black spot and although there was less russet in the control 
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treatment, a lo t more apples were los t due to black sp ot infectio n. This trade-o ff has to be 

considered when applying lime sulphur. Changes in the spray schedule and avoiding 

sp raying from pink tip to one month after p etal fa ll when the fruit is sensitive to russeting 

(Beresfo rd, 1996) co uld be measures to decrease russet despite th e use of lime sulphur. 

H owever, black spo t dj sease press ure is highest during that time and o ther effective 

fungicides would have to be applied. As o utlined earlier, the fungicides available to the 

orgaruc apple grower are in general not very effective in co ntrolling th e di sease, except fo r 

copper and lime sulphu r and copper is already known to cause russet. Sanjtati on prac tices, 

such as removing o r shredding lea f ljner, sho uld be employed. Altho ugh they cannot 

eliminate spores completely, they can at least decrease disease pressure. 

l7i,~uff 5.4: 'Rqyal Gala' appll's Sfl'fl'l'D' ajfertl'rl !:J· mm/ i11 lrea/1111'11I l-12 (2% li111e sulphur+ l!yrlraterl li1m). 

5.5 POSTHARVEST QUALITY 

5.5.1 SIZE 

Lime sulphur led to a decrease in fruit size in terms of w eight and diameter in 'Braeburn ' 

(Figure 5.5 in Section 5.5.2), but not in 'Royal G ala'. 'Braeburn' apples o f the control 

treatment also seemed to vary in shape fro m th ose o f treatments containing lime sulphur. 

Shape was not analyzed explicitly, but the apples from sulphur treatments were round 

whereas apples treated with hydrated lime had a more elongated shape (Figure 5.5 in 

Section 5.5.2). In 'Braeburn', the application of lime sulphur caused a sigruficant decrease in 
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the pho tosynthetic rate of fully expanded bourse shoot leaves. These leaves play a rol e in 

supplying nutrients to th e fruit (Volz, 1991). The photosynthetic rate is related to the 

amo unt o f nutrients produced and transported to th e apple, so a decrease in 

pho tosynthesi s can result in fewer nutrients and in turn lead to a smaller fruit size. 

W uensche 0- \Xluensche9 
- personal communicatio n) repo rted an accumulati on o f starch in 

the leaves o f 'Braeburn' . Thi s could indicate a problem with phloem loading and transport, 

w hich in turn hinders nutri ents from reaching the app le. 

ln 'Royal G ala', th ere was no decrease in weight and di am eter observed when lime sulphur 

was appli ed. H owever, the interaction between treatments and their e ffects on the 

measured attributes m ean that these results co uld be con fo unded . There were significant 

differences in russet and black spot ratings between the treatments. Therefore, apples in 

the contro l trea tment might have been bigger if they had no t been severely affec ted by 

b lack spo t. In additio n, th e photosynthetic rate in 'Royal Gala' was slightly decreased by the 

application of bme sulphur, although not signifi cantly. lf there was no bl ack spot, a size 

d ifference between trea tments co uld possibly have been due to di ffe ring photosynthetic 

ra tes, but it is unlikely to be signifi cant. 

Lower mean fr ui t weight and decreased total yie ld has been reported to be a problem in 

o rganic orchards, especially fo r 'Braeburn' (\'< 'alker & J\ k Arrney, 2001 ). A lO\\·er mean fruit 

\\'eight could in fluence the fruit's marketabi lity as size standards are in place for export 

quali ty prod uce. The ind ustry wants high yie lds at a specifi c fr uit size to receive high 

p ro fit s. ln thi s way, the appli ca tion of bme su lph ur is counterp roduc ti\·e, bu t currently 

necessary to contro l black spot as long as no effective substitutes are avai lable. Without 

alternatives, the trade-off between black spot infection and decreased fruit size curren tly 

favo urs the appbcatio n of bme sulphur to eli mi nate disease symptom s. 

5.5.2 COLOU R 

Lime sulphur negatively affec ted the background colo ur in bo th cultivars. After six weeks 

o f storage of 'Braeburn', colo ur ratings had increased in all trea tments to approximately the 

sam e ex tent and apples treated with lime sulphur were therefore still significantly greener 

than th e contro l. In 'Royal G ala', however, treatm ent differences at harvest decreased over 

the 5-week storage peri od, because the colo ur o f apples treated with lime sulphur 

9 Prof Dr. J. Wuensche, University of Hohenheim, Stuttgart, Germany, July 2006 
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developed faster and caught up to the control. The storage period for 'Royal Gala' was 

possibly too lo ng as apples were past optimum eating quali ty and colour had developed to 

near m aximum. 

Chlo rophylJ s, carotenoids and anthocyanins are responsible for the green, yelJow and red 

colo ur o f an apple, respectively (Reay et al. , 1998). The background co lo ur o f an apple 

changes fro m dark green to yelJow as the chlorophylJ degrades . As apples treated with lime 

sulphur were greener, lime sulphur sprays may have caused a problem with the degradatio n 

o f chlorophyll and/ o r the production of carotenoid . The chlorophylls m ay have degraded 

at a slower rate o r the onset o f degradati on m ay have been delayed. The production of 

carotenoids m ay also have been lower or retarded which mean s th at a ye llow co lo ur of a 

lower intensity was revealed as th e chlorophylJ degraded . Both these factors might have 

come Into play rn the current trial. In 'Royal Gala', differences between treatments 

diminished over the storage peri od , i.e. th e degradation of chlorophy!J m ay have been 

delayed . As colo ur differences were sti ll apparent afte r the storage of 'Braeburn', th e 

d egradation of chloroph yll m ay have been slower o r th e carotenoids content decreased in 

this cultivar. H owever, 'Braeburn ' stored very well, i. e . m aturity advanced o nly slowly, and 

the trial did not evaluate if co lou r differences between treatments may have diminished 

afte r lo ng-term sto rage. 

The red blush o n both cultivars decreased with increasing application rate of lime sulphur, 

but due to a high variability between apples, th is decrease was not sratistica lJ y significant. 

H owever, blush was o nl y m eas ured o n ten apples per tree at each point in time and a larger 

sample size would have been advantageo us. Moreover, these results confirm those of an 

earlier study by Palmer et al. (2003) which showed that lime sulphur decreased blush 

percentage in 'Braeburn' whereas blush in treatments containing hydrated lime or synthetic 

fungicides did not differ. 

The production o f the anthocyanins responsibl e for the red skin colo ur co uld have been 

influenced by a vari ety of factors, for example enzymes, light and nutri ent status (Saure, 

1990). The uptake as well as th e deposit of sulphur o n th e o utside of the apple co uld have 

influenced the production o f red pigments by for example inhibiting the enzymes 

respo nsible for the formation o f anthocyanins. Spray deposits on the skin could have 

reduced the inten sity of available sunlight. The availability of nutrients, esp ecially sugars, is 

impo rtant for anthocyanins production (Saure, 1990). A lowered photosynth etic rate and a 
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d ecrease in the soluble solids content were observed in both cultivars when treated with 

lime sulphur and may be responsible for a poorer pigment formati on . 

Altho ugh the results in the current trial were no t statistically sigruficant, th ey may be of 

impo rtance for the industry as colo ur is an impo rtant consumer attribute and certain co lour 

standards have to be met for expo rt quality fruit (Mi!Js, 1996; Reay et al. , 1998). Excessive 

use o f lime sulphur may lead to fewer apples reaching expo rt colo ur standard s, which is 

acco mpanied with a negative impact o n growers' returns. An appealing background co lo ur 

and bright red is d esirabl e by th e consumer and a green background reduces the in tensity 

of red (Reay et al. , 1998). Thjs was also observed in the current trial (Figure 5.5). A 

di ssati sfi ed consumer could be attracted to other apple culciva rs o r other types o f fruit 

(H arker et al., 2002a). Colo ur is also important at harvest time. Harvest m atu rity is 

d etermined using certai n param eters, such as starch pattern index, solubl e so]jds content 

and firmness, and fruit are then har,ested according to colour and blush (Brookfield et al., 

1997) . So th ere could be problems with pickjng apples at the right time if m aturity djffers 

from w hat was expected according to the colour raci ng. 

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 1 71 

Figure 5.5: In 'Braebum; a high application of 2% lime sulphur (l..S2, left) led to a decreasedfmit size, dijfere11t shape, lo1ver 
background co/0111; reduced blush percentage a11d a Jess i11teme red compared lo the co11trol (right). 
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5.5.3 FIRMNESS 

There w as a trend tow ard s lower fle sh firmn ess in bo th cultiva rs at harves t when apples 

were treated with lime sulphur. In 'Braeburn', LS2 was significantly so fter than the co ntrol 

and in 'Royal G ala', LS2 w as significantly so fter than th e control and LS1 . In 'Royal G ala' 

results w ere inco nclusive after storage which co uld be due to the length of the sto rage 

period . Flesh firmn ess o f stored 'Royal G ala' was low overall and apples had exceeded their 

optimum quali ty. ln 'Braeburn ', the trend towards lower fl esh firmn ess in apples trea ted 

with lime sulphur rem ained after storage, but to a lesser ex tent. Thi s co nfirms results by 

Palmer et al. (2003) showing a trend cowards lower fl esh firmn ess in treatments containing 

sulphur and higher fl esh firmn ess in trea tm en ts with hydrated lime. 

ln general , a smaller apple size is associ ated with a higher firm ness rating (Blanpied et al., 

1978). ln th e current study, 'Braeburn' apples were smaller in size when treated with lime 

sulphur, but were also so fte r. Differences in other parameters respo n sible for th e tex ture o f 

apples, such as ce ll size, sh ape and packing and thickness of the celJ wa ll s (H arker et al. , 

1997), m ay th erefore have caused th e firmn ess differences between treatments. Altho ug h 

no measurem ents were taken duri ng the developmen t of th e apple, fr ui t o n th e tree did not 

seem to di ffe r between treatments earlie r in the de \·elopment, i. e. during the stages of cell 

d ivisio n. Afte rwards, cell enl argement takes p lace and o nJy later in the season, were the re 

apparent Yisual size di ffe rences of 'Braeburn ' fruit b etween treatm en ts. That m eans 

parameters influencing firmn ess, o th er than size, co uld have bee n affec ted during cell 

enlargemen t. 

As apples are stored fo r several m onths, it is important ro th e industry that high firmn ess 

ratings at harves t can be sustained over th e storage period Oohnson, 1994). 'Braeburn' had 

a lower firmness than 'Royal Gala' at harvest, bu t kep t well over storage, whereas 'Royal 

G ala' was firmer at harvest, but levels co uld no t be sustained in any treatment. H ow ever, 

the trial was not se t up as a lo ng term sto rage experiment and also did no t involve 

co ntrolled atmosphere. 

The texture o f an apple is also very impo rtant to consumers as they do no t li ke soft and 

mealy apples (H arker et al. , 20026; J aeger et al. , 1998) . In th e current tri al, 'Royal G ala' 

sco red firmness ratings below 50 N after fi ve weeks o f storage. Instrumental measurements 

are a good indicato r o f crispness and crunchiness o f an apple and the critical threshold for 
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judging apples as mealy was when their firmness decreased below this threshold of 50 N 

(Harker et al., 20026). In adclition, both cultivars showed differences in firmness between 

the treatments at harvest that exceeded 5 N and were therefore great enough to be 

distinguished by both trained and untrained sensory panels (Harker et al., 2002a; Harker et 

al. , 20026). There are always variations between apples on the market, even between those 

from the same tree, and especially when coming from clifferent o rchard s. However, the 

res ults of the current study sho-w that lime sulphur did influence the texture of 'Braeburn' 

and 'Royal Gala' apples to an extent possibly significant to the consumer. The differences 

in lime sulphur use between different apple orchards may actually in part be responsible for 

the clifferences in apple quality b etween orchard s. 

5.5.4 SOLUBLE SOLIDS CONTENT 

In both culti,·ars, a decrease in the soluble solids content (SSC) was o bserved with 

increasing application rate o f lime sulphur. Although this trend was consistent in harYested 

and stored fruit, differences were not always stati stically sign ificant. SSC did increase in the 

fruit over th e storage peri od as would be expected during maturation. 

The decrease in SSC in apples treated with lime su lphur is possibl:· linked to its impact o n 

the photosynthetic rate. A reduced photosynthetic abi lity o f the leaYes decreases th e 

amount of nutri ents produced and therefore available for transport to the fruit. 

l\[easurements in th e current tri al showed a sharp decrease in the photosynthetic rate o f 

'Braeburn ' when lime sulphur was applied and a lesser, non-significant reducti on in 'Royal 

G ala' . Under these circumstances, SSC behaved as expected and the drop was greater in 

'Braeburn' than in 'Royal G ala'. SSC comprises suga rs as well as acids. The influence of 

lime sulphur on titratable aciclity is furth er discussed in section 5.5.6. 

In the current trial, lime sulphur caused a drop o f 1.1 to 1.5% SSC in 'Braeburn' between 

the control and LS2 and in three out of four instances this drop was significant. In 'Royal 

Gala', treatment differences were lower and only exceeded 1 % after storage of the second 

harvest. Sweetness correlates well with SSC (Harker et al., 2002c) and is an important 

consumer attribute for apples Qaeger et al. , 1998). The clifferences in SSC observed in the 

current trial could have an impact on consumer acceptance as they exceeded the taste 

threshold of 1 % SSC at which taste panels could detect a difference between apples 

(Harker et al., 2002c). So there is some evidence that lime sulphur could affect the taste and 

therefore consumer acceptance of organic 'Braeburn'. Sensory panels are sti ll advised to 
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confirm the true impact of different quality parameters on consumer preference (H arker et 

al. , 2002c). 

5.5.5 STARCH P ATTERN INDEX 

Whereas bo th cultivars behaved similarly in terms o f colour, firmn ess and SSC, their starch 

pattern index (SPI) was a ffected differently. A t harvest and after storage, 'Royal G ala' 

showed a consistent trend towards a higher SPI as more sulphur was applied . H owever, 

results after storage were not as cl ear cu t; most 'Royal G ala' reached the maximum SPI 

score and differences were th erefore minute. In 'Braeburn ', the trend was reversed at 

harves t, in a way that apples treated with lime sulphur had a lower SPI th an the control. 

H oweve r, these differences were not sta ti stically significant. After storage, 'Braeburn ' 

fo llowed the trend o f 'Royal Gala' and LS2 showed a significantly higher SPI than LS1 and 

th e control. 

As SPI is dependent on maturity, it may simply be that 'Braeburn' treated with lime sulphur 

were less mature. H owever, the di ffe rences in SPl between 'Braeburn' and 'Royal G ala' in 

th e current tri al may also be attributed to th e djfferent effects lime sulphur had o n the 

pho tosynthetic ra te of the two cultivars. A decreased photosyntheti c ra te can restnct 

nutri ents fro m reaching the developing fruit , which was possibly the case with SSC. T hat 

means, due to a lower photosyntheti c ability, 'Braeburn ' apples treated with lime sulphur 

may have contained less starch than apples from th e co ntro l treatment. If thjs was the case, 

th e decompositio n o f starch in 'Braeburn ' treated with lime sulphur woul d have been 

completed in a sho rter ti me (Brookfie ld et al. , 1997), leading to a mo re advanced SPI afte r 

storage than the contro l. If apples fro m dj fferent treatments had the same starch co ntent, 

the rate o f degradati on in 'Braeburn' treated with lime sulphur might have been fas ter 

during the sto rage period than in the control. T o obtain an es timate o f the starch co ntent, 

percentage dry matter o f apples in the first harvest was measured and is di scussed in 

section 5.5.7. 

Differences in SPI development can negatively influence th e fruit 's storability as well 

flavour and textural quali ty (Brookfield et al. , 1997). These attributes are very important to 

the industry and the consumer. SPI is also a maturi ty marker and changes in thi s rating 

could have implications for determining proper harvest time. 
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5.5.6 TITRATABLE ACIDITY 

Lime sulphur djd no t have a consistent effect o n the citratable aciru ty (TA) o f 'Braeburn' . 

In 'Royal Gala', however, fruit showed consistently lower TA when treated with increasing 

amo unts o f Lme sulphur. Differences were sigruficant between the control and LS2 in ail 

m easurements (measurem ents from the 1" harves t were not available). These results have 

to be considered with cauci on though, as juice was obtained by combirung a small piece o f 

each of the ten apples per tree. Thi s procedure was necessary due to cime constraints and 

also because the remainder o f each frui t was used fo r o th er analyses. T en separate analyses 

o r combirung th e juice from each whole apple would have possibly been more accura te. 

Sugars as well as acid s contribu te to SSC in fruit juice. In 'Braeburn ' th ere was no 

difference between trea tments in term s of TA, the decrease in SSC could therefo re be 

attributed to decreased sugar levels. In 'Royal G ala', SSC d ecrease was lower th an in 

'Braeburn ', but greater than expected, considering photosynthesis was only s]jghcly 

affected. As acidity was decreased in 'Roya l Gala', th e SSC observed co uld have been due 

to acids as well as sugars. The decrease of sugars might pl ay a lesser ro le in th e o verall 

decrease o f SSC in 'Royal Gala'. 

Acid taste is an important co nsumer attribu te fo r apples Qaeger et al. , 1998) and T A is a 

,·ery good predicto r of acid taste as well as overall fl avo ur and apple fl avour (Harker et al. , 

2002c). The diffe rences in T A between the control and LS2 were staciscicalJ y significant in 

'Royal G ala', but possibl y not high eno ugh to have an impact on fl avo ur and therefo re 

consumer acceptance as the p roposed taste thresho ld is 0.08% T A (Harker et al. , 2002c). 

5.5.7 DRY MATTER 

Dry m atter (DM) decreased sigruficantly with increasing applicacion rate of lime sulphur in 

bo th culcivars, but especially in 'Braeburn' . The reason fo r this is most likely a reduced 

pho tosynthecic rate in lime sulphur treatments and in turn decreased amount o f nutri ents 

available to the fruit. DM m ay give a rough escimate o f th e starch content. In 'Braeburn', 

the decrease in photosynthesis, DM and SSC combined with a fas ter development o f SPI, 

may inrucate that there is a lower starch content at harvest in apples treated with Lme 

sulphur. 
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The parameters outlined in sections 5.5.1 to 5.5.7 all work together to achieve optimum 

maturity, storability and quality of the apple and no single one could be denoted as most 

important. Again, considering that commercial orchards may apply more sprays than was 

the case in this trial means that the impact on all quality parameters could be a lot higher. 

5.6 SUMMARY 

In this study, the application of lime sulphur had a significant impact on the quality as well 

as sulphur content of bo th cultivars, 'Braeburn' and 'Royal Gala'. It is known that 

'Braeburn ' is very sulphur-sensitive and this study has confirmed that the photosynthetic 

rate of thi s culcivar is severely decreased after lime sulphur application, whereas 'Royal 

Gala' is only mildly affected. Because o f the obvio us differences in sulphur sensitivity of 

both cultivars, it would have been expected that sulphur content and quality parameters 

would not be affected in similar ways. However, both cultivars showed comparable 

residues of sulphur and a metab oli sm of the applied lime sulphur into water-soluble non­

p rotein thiols appears to have taken place. In additi on, the quality of apples from bo th 

culcivars was negatively affected with increasing applicati on rate of lime sulphur, but this 

effect was greater in 'Braeburn ' than in 'Royal Gala'. In both cultivars, background colour 

racings, blush percentage, firmness, SSC and D l\1 were decreased. In additi on, 'Braeburn ' 

apples treated with lime sulphur were smaller in size th an the control. The TA of 'Royal 

Gala' apples treated with lime sulphur was lower than that of th e control. The two culcivars 

behaved differently in terms of SPI, probably due to a grea tly decreased photosynthetic rate 

in 'Braeburn ' and associated differences in initial starch content. In thi s study, 'Royal Gala' 

was affected to a lesser ex tent than 'Braeburn' when treated with the same number of 

sprays. H owever, in commercial o rchards, 'Braeb urn ' is sprayed less with lime sulphur th an 

other culcivars and therefore th e impact on th e quality of 'Royal Gala', and possibly oth er 

culcivars not considered sulphur-sensitive, could be significant. 

The implications of these results for the organic industry have been di scussed . Of majo r 

importance is the detection o f sulphur residues in an organic apple that is perceived as 

residue-free, as at least part of these residues were metabolites of sulphur which cannot be 

removed by a washing procedure. The shift in quality parameters may complicate the 

determination o f optimum harvest maturity and in turn export quali ty and storage life may 

be affected. Visual appearance and tas te are important attributes to the consumer. The use 

o f lime sulphur in organic apple production may have an impact on consumer acceptance 
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as firmness, SSC and TA are important sensory parameters and the former two were 

affected to an extent th at could be perceived by tas te panels. Residues o f sulphur may also 

impact on flavour. The nature of the sulphur residues that were not thiol compounds and 

the possible health iss ues associated with th ese sulphur residues need to be evaluated . 

Suggestions were given to decrease the negative impact of lime sulphur sp rays. It may be 

advantageous to apply sprays o nly early in the season before actual fruit development to 

reduce the effects on fruit quality. There may, however, still be sulphur metabolites 

reachjng th e growing fruit. The research into alternatives to ljme sulphur fo r the control of 

black spot as welJ as the development o f apple cultivars resis tant to the disease sho uld be 

of top priority fo r the o rganic industry. 



Chapter6 

CONCLUSIONS AND FUTURE WORK 

6.1 FUTURE RESEARCH POSSIBILITIES 

Given th at no previous research has looked at a metaboli sm of lime sulphur in o rganic 

apples or evaluated th e impact of different doses o f thi s fungicide on frui t quality, the 

res ults from th e current pro ject have rai sed many qu es ti ons co be addressed in furth er 

studies. 

6.1.1 ALTERNATIVES TO LIME SULPHUR 

Priority should be given to research into finding alternative contro l measures against black 

spot that fit with the organic philosophy. There are two possibi]jti es aro und the problems 

associated with lime sulphur: the use o f different fungicides or the development o f cultivars 

resistant to black spo t. The latte r is o bvio usly th e favo urable option as it can significantly 

decrease the use o f sprays, in organic as weU as conventional apple production. However, 

co nsumers o ften have th eir favo urite apple variety and may be hard to co nvert to a new 

one. As all these developments take time, they should rather be started earli er than later. 

6.1.2 FRUIT QUALITY 

The current study only evaluated the influence o f lime sulphur on the most impo rtant 

quali ty parameters o f apples at harvest and after short-term storage. Future studi es should 

evaluate how the shift in qua]jt:y parameters influences the determinatio n o f optimum 

harvest maturity, export quality and lo ng-term storage life. Harvesting at the right maturi ty 

is an important determinant for quali ty and storage life and the latter is especially important 
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for apples which are stored for a prolonged period of time. Moreover, many of New 

Zealand's apples reach distant export markets and have to meet certain quality standards, 

such as colour and size. 

Sensory attrib utes important for the consumer, such as size, colour, firmness, SSC and TA, 

were influenced by the application of lime sulphur. The first two visual attributes may 

attract buyers to o ther products or cultivars. Firmness, SSC and TA are m ajo r factors 

determining apple flav o ur and SSC and firmn ess have been influenced in a way that may be 

detectable by consumers. In addition, it is no t known if the re sidue o f sulphur in the apple 

o r on the skin influences taste. Taste panels should be performed to find out if th e change 

in apple quality caused by th e application o f lime su lphur is great enough to impact on 

consumer acceptability. The increased uptake of spray residues may also represent a health 

issue and needs further investiga ti on. 

6.1.3 SPRAY SCHEDULES 

It has been discussed in the previous chapter tliat the current study o nly evaluated th e 

influence of lime sulphur when applied 11 times throughout th e seaso n and showed that a 

higher concentration has a grea ter effect o n both quality and sulphur residues . H ow a 

different number of sp ray applications or a restrictio n of lime sulphur use to early in the 

season only wo uld influence the results is not known. Thi s, howe\'er, sho uld be the 

purpose o f future studi es . Applying lime sulphur only before the actual fruit development 

may significantly decrease the negative e ffec ts on fruit quality. The overall photosynth etic 

ability o f the tree may be co mpromised to a lesser extent and give the trees a chance to 

recover th eir los t photosynthetic actiYity. The metaboli sm of lime sulphur o r hydrogen 

sulphide by the apple tree needs to be evaluated. If the sulphur is taken up by the apple, 

applying lime sulphur before fruit development would decrease residues in the fruit . 

H owever, in other plants hydrogen sulphide is taken up by the leaves and if thi s is the case 

in apple trees, the sulphur applied early in th e season may sti lJ be eventua!Jy transported 

into the fruit. 
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6.2 CONCLUDING REMARKS 

In ew Zealand , o rganic apple production relies heavily on the use of lime sulphur as a 

defence against black spot. The application of lime sulphur on 'Braeburn' trees results in 

necrotic leaves and a reduced photosynth etic rate. Thj s problem is recognized, but the 

reasons fo r it remain unknown. 'Royal Gala' is n ot obvio usly sensitive to lime sulphur. Thjs 

research aimed to evaluate the influence o f lime sulphur on the postharvest quality and 

sulphur content of o rganic 'Royal G ala' and 'Braeburn' apples. Typical postharvest quality 

parameters (weight, ruam eter, background co lo ur, blush, firmness, SSC, SPI, TA and DM) 

were measured at two harvests and after storing fruit fro m th ese harves ts for fi ve to six 

weeks. Fo r the first time in apples, the levels o f tota l sulphur and the metabolites water­

soluble non-pro tein thiols and cysteine were examined . As the trees of the two cul tiva rs are 

affected in very rufferent ways, it was expected that fruit qua]jty is also affected differently. 

However this was no t the case. 

The results obtai ned showed that sulphur residues and uptake were similar in both 

cultivars. Thi s is a major iss ue fo r a p rod uct that is perceived and often claimed to be 

residue-free. Both culcivars showed a decrease in background co lou r, blush, firmness, SSC 

and Dl\'l , but 'B raeburn ' was affected m ore strongly. TA was decreased with increasi ng 

application rate of ]jme sulphur in 'Royal Gala', but not in 'Braebum'. Fruit size was grea tly 

reduced in 'Braeburn', but not in 'Royal Gala'. 1 t may be that a size reduction in the latte r 

cultivar was masked by high black spot infection . The photosynthetic rate was affected in 

bo th culcivars; in 'Braeburn ' it dropped to less th an 20% of the control value, whereas 

'Royal Gala' was only s]jghtly affected. lt is most likely this drop in photosynthesis causing 

th e shjft in the postharves t quality of apples treated with Lime sulphur compared to the 

control. Some param eters (firmness and SSC) were affected to an extent that co uld have an 

impac t on fl avour and consumer acceptance. 

These results are of great significance to the orgaruc industry and have added to the 

increasing amount of in formation that Lime sulphur is not a suitable fungicide for o rganic 

production standards. Many o f the issues associated with Lime sulphur were known in the 

1930s before the development of synthetic fungicides. As synthetic compounds are not 

allowed under organic certification standards, organic apple growers today are still relying 

on compounds that were m ostly abandoned by conventional growers 70 years ago because 

of their phyto tocixity and low efficacy. Moreover, it has already been questioned if the use 
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of lime sulphur aligns with the organic principle of sustainability as it leads to decreased 

photosynthesis, tree g rowth and yield . It is known that the sulphur-sensitive cultivar 

'Braeburn' is difficult to grow under o rganic certification guidelines; nevertheless, it 

co ntinues to be grown due to strong market demand . The findings of the current study 

have found furth er problem s associated with the use of lime sulphur and show th at the 

apple cultiva r 'Royal Gala', that has previo usly b een tho ught to be unaffected by sprays, is 

actually influenced in a similar manner to 'Braeburn' in terms of postharvest quality and 

sulphur content. The use o f lime sulphur needs to be regulated to minimise its impact o n 

apple quality in any cultivar grown organically. Further research need s to look at how lime 

sulphur influences fruit quality and sulphur content, so that spray schedul es can b e 

o ptimised. The only real solutio n to the p roblem , however, is the use o f different 

fungicides o r the developm ent of di sease resistant cultiYars. The latter would be the 

favourab le o ptio n as it m ay actually be a way to make o rganic apples what they sho uld be: 

residue-free and spray-free. 
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APPENDIX 

A TRANSFORME D POSTHARVEST QUALITY DATA 

A.1 W EIGHT 

Table / 1.1: Tra11sfonmd ll 'f~f!,hl data fo r 'R~yal Gala' al both hmnsls a11d ajier slort(!!,f of fruit Jro111 earh ha1nsl. ,\lea11s 11 ,ith 
the sa111e letter are 110/ s1;~11ifira11tfy dijftrt'11/ /11 earh col1111111 (a = 0.05, 11 = 60). 

Treatmen t 
log(weight) [log(g)j 

H arvest 1 H arvest 2 Storage 1 Storage2 

Control 2.170 a 2.094 a 2.109 a 2.1 25 a 

LS1 2.152 a 2.124 a 2.122 a 2.136 a 

LS2 2.158 a 2.141 a 2.125 a 2.1 16 a 
----

S.E. 0.017 0.025 0.017 0.013 

Control = hydrated Lime, LS I = I% lime sulphur + hydrated lime, LS 2 = 2% lime sulphu r + hyd rated Lime, 
I !an ·est I / 2 = I "/2nd han ·est, Storage I / 2 = fruit stored from I "/2nd han-est, S.E. = sta ndard erro r. 

Table A 2: Tra11sfom1ed ll'eight data for 'Brae/mm' al both han'ests a11d after storage of fruit Jro111 each han,est. J\l eam 1/fith the 
sa111e letter are not sig11ijica11tfy different /11 each co/1111111 (a = 0.05, 11 = 60). In l-Ia1nsl 2, P = 0.0502. 

Treatment 
log(weig ht) [log(g)j 

H arvest 1 H arvest 2 Storage 1 Storage2 

Control 2.287 a 2.270 a 2.280 a 2.230 a 

LS1 2.216 b 2.198 a, b 2.183 b 2.183 b 

LS2 2.204 b 2.166 b 2.144 b 2.117 C 

S.E. 0.017 0.025 0.017 0.013 

Contro l = hydrated Lime, LS 1 = 1 % Lime sulphur + hydrated Lime, LS2 = 2% Lime sulphur + hydrated Lime, 
Harvest 1/ 2 = 1"/2nd harves t, Storage 1/ 2 = fruit stored from 1st / 2nd harvest, S. E. = standard error. 
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A.2 D IAMETER 

Table A.3: Tra11sfor111ed dia111eter data for 'Rq_ral Gala' at both han:ests a11d after storage if /mil Jro111 each hamest. M eans 
1/Jith the sa111e letter are 110! sig11ifica11tly different i11 each col,111111 (a = 0. 05, 11 = 60). 

Treatment 
log(diameter) [log(mm)] 

H arvest 1 H arves t2 Storage 1 Storage 2 

Control 1.84 a 1.82 a 1.82 a 1.83 a 

LS1 1.83 a 1.83 a 1.83 a 1.81 b 

LS2 1.84 a 1.83 a 1.83 a 1.83 a 

S.E. 0.005 0.008 0.005 0.005 

Control = hydrated lime, LS I = l % lime su lphur + hydrated Jjme, LS2 = 2% lime su lphur + hrdrated Jjme, 
l-l an·est 1 / 2 = I ''/ 2nd han·est, Storage 1 / 2 = fruit sto red from l ' 1/ 2nd han-es t, S. E. = standard error. 

Table A .4: Tra11sfom1ed dia111eter data fo r 'BrClfl}//m' at both hm7'esls a11d after storage if /mil Jro111 each han·est. ,\ Jeans 11'1/h 
the sa111e letter are 110! s,;~11ifica11t!J• different i11 each roh111111 (a = 0.05, 11 = 60). 

Treatment 
log(diameter) [log (mm)] 

H arvest 1 H arvest2 Storag e 1 Storage2 

Contro l 1.87 a 1.87 a 1.88 a 1.86 a 

LS1 1.85 b 1.85 a, b 1.85 b 1.84 a 

LS2 1.85 b 1.84 b 1.83 b 1.82 b 

S.E. 0.005 0.008 0.005 0.005 

Control = hydrated lime, LS 1 = 1 % lime sulphur + hydrated lime, LS2 = 2% lime su lphur + hydrated !jmc, 
I lan ·est 1 / 2 = I "/2nd han ·cst, Storage I / 2 = fru it stored from l ' 1/ 21

"
1 han ·est, S.E. = standard error. 

A.3 BLUSH 

Table A.5: Tra11sfor111ed bl11sh data for 'R(!J1al Gala' at both harvests and after storage if / mil Jro111 each han•est. M eam n1ith 
the sa111e letter are 110/ s~~11ifica11t!J1 different i11 each col1111111 (a = 0.05, 11 = 60). 

Treatment 
log(blush) flog (%)] 

H arvest 1 H arves t2 Storage 1 Storag e 2 

Control 1.9 a 1.9 a 1.9 a 1.9 a 

LS1 1.8 a 1.9 a 1.9 a 1.9 a 

LS2 1.8 a 1.8 a 1.8 a 1.8 a 

S.E. 0.04 0.02 0.04 0.04 

Control = hydrated Jjme, LSl = 1 % Jjme sulphur + hydrated Jj me, LS2 = 2% Jj me sulphur + hydrated Jjme, 
1-! an rest 1 / 2 = 1 "/2nd han ,est, Storage 1 / 2 = fruit stored fro m 1 "/2nd ha n1est, S.E. = standard error. 
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Table A .6: T ransformed blush data fo r 'Braebum' al both hames!s and after storage of /mil jro111 each hames!. M eans JJJith the 
sa111e letter are 110! sig11ificant91 dijferent in each col11111n (a = 0.05, n = 60). 

Treatment 
log(blush) flog(%)] 

Harvest 1 Harvest2 Storage 1 Storage2 

Contro l 1.8 a 1.8 a 1.8 a 1.8 a 

LS1 1.6 a 1.7 b 1.7 a 1.7 a 

LS2 1.7 a 1.7 b 1.6 a 1.6 a 

S.E. 0.04 0.02 0.04 0.04 

Control = hydrated lime, LS I = 1 % lime sulphur + hydrated Lime, LS2 = 2% Lime sulphur + hyd ra ted lime, 
Han ·est 1 / 2 = I "/2nd han ·est, Storage 1 / 2 = fruit stored fro m 1st/2nd harves t, S.E. = standard error. 

A.4 FIRMNESS 

Table A . 7: Iiw1sjor111ed jimmess data for 'R qyal Gala ' al hoth han •es!s and after stora,ge of jiu it Jiv111 earh han•est. ,1lea11s 
u•ith the sa111e feller are 110! s~~11ijira11t9• different in earh coli111111 (a = 0.05, 11 = 60). 

Treatment 
1/ Firmness [1/ NJ 

H arvest 1 Harvest2 Storage 1 Storage2 

Control 0.0111 a 0.0122 a 0.0194 a 0.0204 a 

LS1 0.011 3 a 0.0128 a 0.0187 a, b 0.0198 a 

LS2 0.0120 a 0.0135 b 0.0180 b 0.0204 a 

S.E. 0.0003 0.0002 0.0003 0.0003 

Control = h\'drated lime, LS 1 = 1 °/c, lime sulphur + hydrated lime, LS2 = 2% lime su lphur + hyd rated Lime, 
Han ·est I / 2 = I "/2nd han ·est, Sto rage I / 2 = fru it ston;J from l ' t / 2nd han ·est, S. I::. = sta ndard error. 

Tahle A.8: T ra11sfo r111ed jimmess data for 'Braehum ' al hoth hcm•es!s a11d ajier s!oraJ!.e ojfmit Jiv111 earh ht111 •est. M eans u1ith 
the same letter are 110! sig11ijicc111t!y dijfere11! i11 earh ro/1111111 (a = 0.05, 11 = 60). 

Treatment 
1/ Firmness [1/ N] 

Harvest 1 H arvest2 Storage 1 Storage2 

Control 0.0128 a 0.0134 a 0.01 35 a 0.0133 a 

LS1 0.0129 a 0.0140 a, b 0.0135 a 0.0137 a 

LS2 0.0137 a 0.0145 b 0.0137 a 0.0140 a 

S.E. 0.0003 0.0002 0.0003 0.0003 

Contro l = hydrated Lime, LSl = 1 % Lime sulphur + hydrated Lime, LS2 = 2% lime sulphur + hydrated Lime, 
Han1est 1 / 2 = 1st/2nd harvest, Sto rage 1 / 2 = fruit stored fro m 1 "/2nd han rest, S. E. = standard error. 
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A.5 TITRATABLE ACIDITY 

Table A. 9: Transjonmd titratable aridi(J• data fo r 'Ro_)'a! Ca/a' at both ha,vests a11d after storage of ji11it jiv111 each ha1vest. 
1'1ea11s 11 ,ith the same letter are 11ot significant!)' different i11 each ro/1111111 (a= 0.05, 11 = 60). In Storage 1, P = 0.0561, in 
Storage 2, P = 0.0518. 

Treatment 
log(acidity) [log(%)] 

H arvest 1 H arvest2 Storage 1 Storage2 

Control n/ a -0.361 a -0.443 a -0.450 a 

LS1 n/ a -0.398 a, b -0.475 a, b -0.495 a, b 

LS2 n/ a -0.425 b -0.505 b -0.518 b 

S.E. n/a 0.012 0.015 0.017 

Contro l = hyd rated lim e, LS 1 = I% lime sulphur + lwdrated Lime, LS2 = 2% lime su lphur + hydrated lime, 
I lan ·est 1 / 2 = 1 st/ 2"'1 han-est, Sto rage I / 2 = fruit sto red from 1 '' / 2nd han-est, S.E. = standa rd error. 

Table A.10: Tra11sjonmd titratable aridity data for 'Braeh11m ' at hot/, ha11·ests and after storage of Jim't jiv/J1 each han•est. 
.\leans Jl'l'th the same letter are not s~~11ijira11tj • different i11 each ro/1111111 (a = 0.05, 11 = 60). 

Treatment 
log (acidity) [log(%)} 

H arvest 1 H arvest2 Storage 1 Storage2 

Control -0.234 a -0.241 a -0.229 a -0.222 a 

LS1 -0.207 a -0.228 a -0.223 a -0.214 a 

LS2 -0.218 a -0.241 a -0.218 a -0.208 a 

S.E. 0.010 0.012 0.015 0.017 

Co ntrol = h1·drated lime, LS I = I% li me sulphur + hydrated lime, LS2 = 2% lime sulphu r + hydrated Lim e, 
I lan·est 1 / 2 = 1 "/2"'1 han ·es t, Sto rage I / 2 = fruit sto red fro m I '' / 2nd han ·est, S. E. = standa rd error. 

A.6 DRY MATTER 

Table A .11: Transjo,med di)' matter data fo r 'RO)•al Ca/a' and 'Brae/J//m ' at the first han•est. A Jeans 11 1ith the same letter are 
11ot sig11ijica11t!)' differmt i11 each co!t111111 (a = 0.05, 11 = 60). 

Treatment 

Control 

LS1 

LS2 

S.E . 

log (dry matter) [log(%)} 

'Royal Gala' 

1.102 a 

1.089 a 

1.063 b 

0.008 

'Brae burn' 

1.083 a 

1.047 b 

1.01 7 C 

0.008 

Contro l = hydrated Lime, LSl = 1 % lime sulphur + hydrated Lime, LS2 = 2% lime su lphur + hydrated lime, 
S.E. = standard error. 



APPENDIX 

B TOTAL SULPHUR ANALYSIS 

To tal sulphur in skin and fl esh samples was initia!Jy meant to be analysed usi ng the LECO 

sulphur analyzer (Cl S-2000, Leco Corporation, Sr. Joseph , i\Il, herein LECO). In this 

procedure, the sample is weighed into a ceramic boat which is pushed into a furnace at 

1050°C for combusti on. \'('ace r released by combustion is trapped in columns of 

magnesium perchlorate to pre,·ent interference with th e carbon and sulphur detectors. AU 

carbon and sulphur is converted to carbon dioxide and sulphur dioxide, respectiYely, and 

analyzed by infrared detectors. r irrogen was nor analyzed in the apple samples . The LECO 

has been repo rted to give accurate and precise resu lts for total sulphur in plant mate rial 

(l,owalenko, 2000; Soon er al., 1996). 

Analysis on the LECO was abandoned because res ults were very variable and rep]jcares 

analvzed clid not march . Ir was decided to o utsource the total sulphur analysis to Hi!J 

Laborato ri es, H amilton, l ew Zealand, who used inductively coupl ed plasma optical 

emission spectroscopy (ICP-OES) to determine total sulphur fo!Jowing acid diges ti on. 

AJrogerher, only 36 samples o f a!J treatments for 'Braeburn' flesh samples in the first 

harvest were analyzed with the LECO. The 36 results obtained with th e LECO were 

plotted against the corresponding values supplied by Hill Laboratories and are displayed in 

Figure B.1. 
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F1/!JIIY' 8.1: Col)Jpariso11 of Iota/ s11lph11r 111eas111-e111e11/s ohtai11erl ll'ilh the I £CO a11rl ll'ilh ICP-OES fo r 'B,mlmm ' j!esh 
sa111ples of the firs/ hC117'fSI i11 all Ihm lreal111m ls (Co11/rol = f!) •rlmterl li111e, / _\'f = 1% li111e s11lph11r +l!J•rlraterl li111e, I _\'2 = 
2° 0 /i111e s11lphl(r + !~yr/rate /i111e) . '/'he 111'0 111elhorls l!.it·e /'e'.J' rlijfem1/ m11/ts, the hz[!,her the mlphl(r ro11/e11/ ~/the S(lll/ple. 

The graph shows th at th e to tal sulphur contents of samp les in the contro l treatments agree 

reasonably well between the nvo meth ods. For both meth ods to agree, the data poin ts need 

to li e on the diagonal line. T he higher the sulphur content o f th e sample accord ing to ICP­

OES, th e mo re inaccurate are the resul ts fro m th e LECO as they li e mainly below th e 

diagonal line. The LECO was calibrated using a Burnham Standard that o n average 

contains 104 mg/ 100 g dry matter. Thi s standard plant material comes fro m an o rnamental 

conifer. On the contra ry to what was observed in the current trial, Soon et al. (1996) 

obtained higher values with the LE CO th an with a nitric acid / perchlo ric acid cliges ti on 

foll owed by ICP . H owever, they used a different ratio o f the two acids for diges tio n than 

Hill Laborato ries . 

The reasons for the issues experienced with the LE CO could no t be fo und. In general, 

analysis o f sulphur with the LECO is an accurate procedure. The machine was serviced in 

the hope o f fixing th e problem. 



APPENDIX 

C CLIMATIC DIFFERENCES: MANAWATU AND HAWKE'S BAY 

The Hawke's Bay is the maio r apple growing regio n of I ew Zealand. The l\fanawatu, 

where the current study was performed , is not a commerci al apple growing area. There are 

cbmatic differences between these two regio ns. A ltho ugh the mean annual temperature is 

similar (Figure C. 1 ), summers in th e Hawke's Bay are warmer than in the l\fanawatu (Figure 

C.4 and Figure C.5). Annu al sunshine ho urs again seem similar on a\·erage (Figure C.2), but 

it is o ften cloudy inland in Palmerston North I I\X'A, 20076) and generally sunny in th e 

Hawke's Bay (Nl\X'A , 2007a) . Although mean annual rain fa ll is only slightly lm\·er in some 

areas o f the Hawke's Bay than in the l\Iana\\·atu (Figure C.3), the summer is a lo t dryer in 

Napier (Figure C. 5) than in Palmerston North (F igure C.4) . Fo r thi s reason, bl ack spot was 

a m ajo r problem in the tri al o rchard in th e Manawatu and sprays had to be app]jed 

thro ughout the season. In the H awke's Bay, the use o f fungicides can som etimes be 

decreased later in th e apple seaso n as the weath er imp roves. 
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Figure C.1: Mean annual te111perat11re in Ne1v Zealand (NJIVA, 2003c). 
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Figure C.2: Mean a111111al sunshine hours in Neu, Zealand (1\ 1119' A, 2003b). 
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Fig11re C.3: Mean a111111al rainfall in Ne/II Zealand (NIWA, 2003a). 
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Figure C.5: M ean mo11th!J rai11Jall and te111perat11re i11 Napie1; Hm11ke's Bqy, Ne111 Zealand (NJIVA, 2007c). 




