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Regression equations associating the preharvest mineral status 

of fruit with the occurrence of physiological disorders were used to 

predict the occurrence of bitter pit (BP) and internal breakdown (IB) 

on Newtown apples and cork spot on D'Anjou pear fruits up to 60 days 

before harvest in two years. Equations for a given year were applied 

to data from the other.  Twenty and ten orchards in 1982 and 1983, 

respectively, were sampled and analyzed for Ca, P, K, N, Mg, Mn, Fe, 

Zn, B, S, Na and Se. There were higher bitter pit and cork spot 

incidence after storage than at harvest. 

In Newtown apples, fruit Ca, fruit weight, and wt/Ca ratio 

accounted for the most consistent predictive factors. Bitter pit 

could be predicted 20 days before commercial harvest.  Internal 

breakdown could be predicted from fruit sampling data 60 days before 

harvest.  Fruit Ca and the ratios wt/Ca and N/Ca accounted for the 



most consistent predictive tools for cork spot in D'Anjou pears. 

Cork spot could be predicted 40 days before harvest. 

Respiration, ethylene evolution and internal C2H4 of D'Anjou 

fruits at harvest, after 3 and 7 mo. in storage varied with different 

Ca levels. Higher Ca levels were related to lower respiratory acti- 

vities of the fruits. High Ca in the fruits delayed the onset of 

C2H4 evolution and reduced C2H4 production. Low fruit Ca resulted in 

greater total CO2 production and an earlier climacteric peak. 

D'Anjou pear normally requires 60-70 days of -I'C storage to initiate 

C2H4 production and ripening processes.  Fruit Ca concn. affected 

this process.  Low Ca fruits initiated C2H4 production within 5 days 

at 20'C without cold treatment.  Medium and high fruit Ca initiated 

C2H4 production only after 50 and 70 days, respectively, in cold 

storage. Fruit Ca might affect the conversion of 1-aminocylopropane- 

1-carboxylic acid (ACC) to C2H4 or at least delay it when present in 

high levels. 

D'Anjou flesh firmness was highly significantly correlated with 

fruit Ca at harvest, and after 3 and 7 mo. in storage.  Fruit Ca was 

also positively correlated with fruit chlorophyll retention and TA 

84) at the end of long term storage.   IB and fruit rot incidence 

were highly significant and negatively correlated with Ca. Vacuum 

infiltration and dipping the fruits in CaCl2 solutions increased 

fruit Ca concn. High fruit Ca levels were associated with reduced 

incidence of rots caused by Botrytis and PeniciIlium.  Vacuum treat- 

ments induced flesh injury in D'Anjou fruits.  Dipping the fruits in 



6% CaCl2 solution substantially reduced storage rots without flesh 

injury. 

Fruits to be stored satisfactorily for long periods of time 

should have high amounts of Ca. Once fruit Ca concn. is known, it 

would be possible to estimate their storage potential. 
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PREFACE 

This thesis is presented as a series of six papers written in the 

format required by the Journal of the American Society for 

Horticultural Science. 



Preharvest Fruit Analysis as a Predictor of D'Anjou Pear and 
Yellow Newtown Apple Physiological Disorders, 

Storage Quality and Ripening Behavior 

Chapter I 

INTRODUCTION 

In the Pacific Northwest, particularly in the Hood River Valley, 

Oregon, the apple and pear industry represents approximately $33 

million annually. From this, more than 80% is represented by Yellow 

Newtown apples and D'Anjou pears. Although the highly developed 

technologies of delaying fruit senescence such as controlled atmos- 

phere, and many other postharvest advances in actual use in the 

Valley, there are still considerable postharvest losses every year. 

These losses involve the loss of the whole fruit itself due to 

physiological disorders such as bitter pit, internal breakdown, water 

core, cork spot and others or due to a decrease in fruit quality such 

as premature yellowing, softening and decrease in titratable acidity 

during storage as well as the incidence of rot which in consequence 

decreases the fruits market value. 

Preharvest as well as postharvest factors are known to affect 

fruit quality. A loss in fruit quality not only means a reduced 

potential cash crop, but also waste of manpower, capital and less 

food availability for human consumption. 

Many biochemical factors interact to determine the fruit's 

storage potential, as is the case of ethylene production, a natural 



plant hormone, which if present in the fruits at certain levels will 

induce ripening in climacteric fruits and hasten fruit senescence 

during storage.  Metabolic reactions leading to fruit respiratory 

activities also determine advances or delays in fruit senescence, 

therefore affecting the length of storage. 

The main objective of this thesis was to investigate the role of 

fruit Ca on the postharvest behavior of Newtown apples and D'Anjou 

pears regarding to physiological disorders, and fruit quality aiming 

to contribute to the reduction in postharvest losses. 

The first manuscript (Chapter III) deals with the development 

of a predictive model for the incidence of bitter pit and internal 

breakdown on Newtown apples based upon preharvest fruit mineral 

analysis.  In this paper, the optimum sampling date as well as the 

characterization of the. nutritional elements most closely correlated 

with the disorders is described.  By predicting the future potential 

incidence and severity of BP and IB in the fruits far ahead of 

harvest would allow the use of alternative ways to reduce the problems. 

The second manuscript (Chapter IV) describes the attempt to 

develop a similar preharvest fruit sampling model for the prediction 

of cork spot (CS) in D'Anjou pear fruits at harvest and during storage. 

To develop this study, simple and multiple correlations of mineral 

nutrients were developed with harvest and storage cork spot. Three 

different sampling times were also involved. The predictions of CS 

and its incidence relative to storage potential is also discussed. 



The third manuscript (Chapter V), discusses the physiologic 

effects of calcium on respiration rate, ethylene production and 

occurrence of cork spot in D'Anjou pears.  Evidence is presented that 

calcium influences the time of occurrence of the climacteric as well 

as the magnitude of CO2 and C2H4 production. 

The fourth manuscript (Chapter VI) examines the interaction 

between chilling requirements for D'Anjou pear fruit ripening, 

ethylene synthesis, and respiration and fruit calcium concentration. 

The effect that Ca has on ethylene synthesis and fruit ripening is 

also speculated. 

The fifth manuscript (Chapter VII) describes the relationship of 

fruit calcium to firmness, internal breakdown, incidence of rot, 

green color retention and storability of D'Anjou pear.  The main 

objective was to examine the effect of Ca nutrition on major quality 

aspects of D'Anjou pear fruit.  The nature of the relationships are 

discussed. 

The sixth manuscript (Chapter VIII), the relationship of calcium 

infiltration of D'Anjou pears and postharvest fruit decay caused by 

Penicillium expansum and Botrytis cinerea, was carried out with three 

main objectives:  to determine the effects of postharvest Ca treat- 

ments on decay caused by those fungi on D'Anjou pears, to determine 

the optimum method of treatment and to determine optimum concentra- 

tion of CaCl2 solution that would be used in the postharvest 

treatment of D'Anjou pear fruits. 



Chapter II 

LITERATURE REVIEW 

Bitter Pit, Internal Breakdown and Cork Spot 

Introduction 

In the Pacific Northwest, in spite of highly developed technolo- 

gy of environmental modifications for delaying ripening and 

senescence of pear and apple fruits, substantial losses can occur 

during and after storage.  It is now recognized that the mineral 

nutrient status of the fruit is a substantial factor in these losses, 

which have a significant economic impact on the industry. 

In the past, fruit nutrition research attempted to optimize tree 

growth and cropping. More recently, emphasis has turned to the 

effects of fruit nutrient status on quality maintenance, and has 

focused on the important relationship between calcium and quality 

retention. 

There is evidence that calcium occupies a central position in 

fruit nutrition, and that the importance of other mineral elements on 

fruit quality occur largely through their interaction with calcium in 

the fruit cells. 

Although numerous investigation over 200 years have been done 

around the world, the physiological disorders known as bitter pit and 



internal breakdown on apple, and cork spot on pear, reniain a major 

source of waste of apple and pear fruits. 

Numerous factors interact to create conditions whereby the fruit 

may become deficient in one or more mineral elements such as calcium. 

Beginning at the soil-water-root level, soil pH is known to 

restrict calcium availability by tying up calcium as insoluble com- 

plexes. Since Ca is generally less soluble than many other divalent 

and monovalent cations, insufficient soil moisture can also reduce 

available Ca. Even when soil moisture is high, if there is inade- 

quate oxygen, many of the divalent cations, including Ca, which are 

at least in part dependent on active metabolically-linked transport 

for root uptake might not enter the plant even if available in the 

soil water solution. Low soil temperatures would also retard the 

metabolically-linked active uptake of Ca. Competing ions, especially 

NH4 and K , present in the soil could also reduce Ca uptake. 

Whereas NO3-, for example, seems to promote Ca uptake, implying that 

forms of N-fertilizars could have effects on Ca loading. 

The distribution and morphology of roots also can be a signifi- 

cant factor in that Ca is preferentially absorbed by the finer, young 

root hairs in contrast to some of the other elements.  Once Ca enters 

the root there may be further control on trans location at the 

Casparian strip, a site where active transport across cellular mem- 

branes may exert ion selectivity. There are also implications of 

phloem-translocated substances from the top of the plant which can 



also influence how much and how rapidly Ca is loaded into conducting 

tissues, whether xylem or phloem. Some of these substances may well 

be organic acids which specifically (relatively speaking) assist in 

Ca movement. Thus, rootstocks, and interstocks, can and do have 

important interactions in how the scion variety receives and parti- 

tions absorbed nutrients. 

A further set of factors, many manageable by cultural practices, 

relate to flowering, fruit set, and ultimately to crop load and how 

individual fruits interact with competing sinks such as growing 

shoots, leaves, and buds. Drought stress conditions magnify the 

competition for nutrients between leaves and fruits. If stress is 

severe enough, not only might nutrients such as Ca preferentially 

translocate to more rapidly transpiring leaves and shoots, but fruit 

serve as emergency water reservoirs and fruit solutes can actually be 

lost to move toward the leaves as will be later discussed. When only 

a few large fruits are on the tree, considerable mineral nutrients 

can be lost, whereas if there are many fruits, the stress on indivi- 

dual fruits is less. Adequate root moisture supply, or over-tree 

sprinkler irrigation can substantially reduce the stress and preserve 

mineral elements in the fruits from being ratranslocated. Excessive 

nitrogen fertilizer, rampant growth of water sprouts caused by heavy 

pruning, or over-thinning of fruit can all aggravate the fruit-shoot 

competition for nutrients. Thus, many interacting factors can lead 

to Ca deficiency disorders in some fruits. 



Description of the Disorders 

Bitter Pit of Newtown Apples. Bitter pit of apples is a 

disorder in which small, brown, dry areas disfigure the flesh. These 

pockets of brown tissue are roughly circular, and range from about 1 

to 4 mm in diameter (122). The location of the pits is usually just 

below the skin, but in severe cases the pit may extend throughout the 

cortex (340). The skin over these pits, or depressed lesions, often 

takes on a deeper green color than the surrounding skin before the 

brown, desiccated pit develops in storage. The pits may be few in 

number and more prevalent in the calyx end of the fruit or they may 

be numerous, extending over much of the surface of the fruit. 

Bitter pit is initiated while the fruit is still on the tree and 

visual symptoms may show up just before harvest, but usually do not 

become evident until the fruit is in storage or sometimes not until a 

few days after removal from storage (336). 

Under the microscope, the pitted areas are seen to consist of 

dead, collapsed cells with apparently normal cell walls (122). The 

affected tissue of bitter pit is softer than the surrounding tissue 

(109, 122, 332). The affected tissue is often bitter in taste, 

largely because of increased polyphenolic synthesis in the lesioned 

area. 

Internal Breakdown of Newtown Apples. Many types of flesh 

breakdown can only be described visually; they are therefore difficult to 
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define and sometimes given different names in different parts of the world 

(122). 

Carne (65) made a distinction between primary and secondary 

breakdowns. Under primary breakdown he included those induced by 

overmaturity or by storage conditions. The secondary breakdowns are 

forms of senescent breakdown.  Such distinctions were also adopted by 

Fidler et al. (122) and Martin and Lewis (215). 

A. Low temperature breakdown. According to Fidler et al. 

(122) this breakdown of apples is seen in the crotical tissues as a 

general browning of the flesh. The vascular tissue is picked out as 

dark brown specks. The boundaries between healthy and affected 

tissues are diffuse, and there is frequently a zone of 2 or 3 mm clear 

tissue immediately below the skin. For this reason the apple might 

have quite serious internal damage before it is obvious on the out- 

side. As the disorder progresses, the skin eventually becomes 

discolored and apparently waterlogged, giving a dark translucent 

appearance. 

Tissue affected by this disorder is likely to be firmer and more 

moist and darker in color than tissue affected by senescent breakdown 

(344). 

B. Senescent breakdown. This disorder has been called 

"mealy breakdown" in the past. The early stages of mealiness usually 

precedes any browning of the flesh. The cells of the flesh become 

soft and crumbling and eventually turn brown (344). 

The problem is symptomatic of old age and over-storage. The 



problem is worse in large fruits, in fruit from high-nitrogen and 

low-calcium trees and after delayed storage (344). 

Typically, in Cox's Orange Pippin it appears first on the out- 

side as a dull darkening of the skin, and is very often first seen at 

the calyx end of the fruit where it is usually most severe at any 

time (122). 

Cork Spot of D'Anjou Pears.  Cork spot is a physiological 

disorder very similar to bitter pit in apples that occurs mainly in 

D'Anjou pears, but it also can occur in 'Bosc' and 'Bartlett' pears. 

Cork spot is characterized by the development of localized desiccated 

tissue resembling cork in the flesh of the fruit. This disorder is 

initiated during the growing season. The first symptom of the dis- 

order is the appearance of a small blushed area on the skin above the 

affected grayish-brown spot (109).  The brown spot can be anywhere 

between the skin and core, but in most cases it is close to the 

surface of the fruit just beneath the skin (109, 340).  A depression 

develops above the internal spots as the fruit enlarges due to the 

reduced growth in the affected tissues.  As in apples, the spots are 

usually more frequent at the calyx end of the fruit. 

History 

Bitter pit has been recognized for a very long time. The dis- 

order had been previously described by Jagger (165) in 1869, but the 

name "bitter pit" was used for the first time in 1395 by Cobb (79) 
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because the abnormal tissue tasted bitter. Before the turn of the 

century, however, it was called by many other names (109), including 

•dry rot' (87), 'brown rot' (173), 'Baldwin spot' (78), 'fruit spot' 

(51), and 'fruit pit' (163). 

An association between bitter pit and the fungus Alternaria was 

reported in 1914 by Reed (295).  However, attempts to isolate patho- 

gens from the spots failed in 1914 (352). Thus, it is likely that 

Alternaria may have been a secondary infection in the disordered 

tissue.  Association between bitter pit and water relations (drought 

stress) was reported in 1920 (52, 53). 

Cork spot on pears was reported for the first time in 1921 

(237).  Early picking was reported to increase storage pit in 1924 

(3), and cold storage at 0oC  retarded the appearance of it.  The 

first mineral analysis of apple fruit was reported in 1926 (54).  In 

1936 (88) Ca was reported to be lower than normal in fruits with 

bitter pit.  In 1956 attempts were made to increase Ca concentration 

in the fruit by foliar sprays with Ca salts, reducing the occurrence 

of the disorder from 40% to 10% (24).  Many reports on the successful 

control by Ca sprays have been made thereafter (122, 129, 213, 220, 

322, 324, 326, 331, 355, 420). 

The term "low-temperature breakdown" was first used by Kidd and 

West (183) in 1928, and was applied to a form of injury which they 

first described for Bramley's Seedling and Pippins in 1922 (182). 

They considered it to be identical with that described earlier as 

occurring in Yellow Newtowns (275). 



11 

Others to describe the disorder were Came and Martin in 1935 

(66) and Trout et al. in 1940 (368).  Some of the earliest low- 

temperature breakdown reports were concerned with the effects of 

storage humidity as noted in 1923 (262) in Yellow Newtown apples, 

which developed more breakdown under conditions of low relative 

humidity. However, with the widespread use of calcium sprays as a 

means of controlling bitter pit, several sources observed that the 

amount of senescent breakdown was also reduced (34, 74, 327).  This 

has led to investigations into a possible connection between the 

amount of calcium in the fruit and susceptibility to breakdown (122). 

Changes in the Affected Tissue 

Histological Changes. Electron microscope studies of 

bitter pit showed browning and rupture of cell walls followed by the 

appearance of round inclusions (55).  There have been reports (343) 

of a proliferation of cells in the pitted areas and arising from the 

injured cells, and of pectin protuberances. In the affected parts of 

the fruits, the cells were found to be thinner and the nuclei promi- 

nent (238), suggesting that the cells are large and loosely 

connected. 

Mahanty and Fineran (208) compared cells of pitted normal areas 

in apple fruits and reported that in pitted areas the golgi bodies 

are rarely observed; endoplasmic reticulae profiles were usually 

swollen into vesicles and tubules; mitochondria were fewer and their 

internal structure was generally less recognizable; thylakoids were 
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swollen and broken; liposomes with inclusions were seen; and the ground 

plasm was coarsely granular and poorly preserved. Ultrastructural 

studies by Buchloch et al. (55) revealed that the middle lamella of 

cells in the bitter pit area differentiated normally but the finely 

laminated suberin layer could not be found.  In some places, the 

walls of neighboring cells were separated and islands of pectin could 

be seen. Walls of healthy cells, on the other hand, appeared more 

homogeneous (55, 109). 

Several observations lead one to assume that the cause of bitter 

pit occurs while the fruit develop in the orchard, and that the 

susceptibility toward development of the disorder depends on the 

conditions occuring during the development of the fruit on the tree. 

In this respect, Simons et al. (342) found abnormalities adjacent to 

necrotic vascular bundles in the outer cortical region to be micro- 

scopically apparent early in the life of apple fruit, i.e., by 14 

days after full bloom. Later Simons et al. (341) reported that the 

development of the disorder was characterized by breakdown of the 

article, and changes in the cells of the hypodermis and cortex of the 

fruit. 

More recently, in 1978, Woodridge and Terblanche (419), using 

scanning electron microscope (SEM) and energy dispersive x-ray analy- 

sis (EDX), showed that in bitter pit-affected tissues, the cell walls 

were thinner, there was cellular disorganization, lack of conducting 

tissue and the presence of high concentrations of starch; confirming 

work done forty years earlier. Interestingly, amylase requires Ca 
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as a cofactor, so starch accumulation might depend on low calcium 

concentration. 

Biochemical Changes. Starch content of the discolored pit 

tissues of bitter pit is much higher than in unaffected tissue (16, 

106, 238, 345, 419).  It has been known for more than two decades 

that starch remains unconverted in the pits (55, 122, 309).  The 

enzyme<X.-amylase that degrades starch requires Ca as a cofactor. No 

reports have appeared specifying whether starch accumulation is 

related toCC-amylase concentration or activity, or whether it is 

related to Ca. 

During the maturation process, starch is hydrolyzed to glucose, 

converted to fructose, and subsequently to sucrose, which is the 

chief storage carbohydrate in mature apples (109).  It is interesting 

to note that the pitted tissue was low in sucrose but high in glucose 

and fructose (17, 356), indicating, perhaps, that metabolic processes 

resulting in sucrose synthesis may be disrupted, thus causing an 

accumulation of glucose and fructose, which in turn may slow down 

starch hydrolysis (109). 

Pitted areas have also been found to be relatively high in total 

nitrogen and protein nitrogen (120, 153), implying a high metabolic 

rate. 

Citric acid replaced malic as the principal acid in the pits of 

'Cox's Orange Pippin1 apples (153) and was the only acid found in the 

pits of 'Golden Delicious' and 'Ontario' apples.  The pattern of 
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fatty acids was studied (55) and there was a decrease in oleic acid 

and an increase in linoleic acid in the bitter pit-affected tissues. 

Large quantities of some mineral elements have been found to 

move into the affected areas of bitter pit (109).  The principal 

elements that moved into the affected area were Mg, Ca and B (115). 

Ca characteristically is translocated into metabolically active tis 

sue. It is possible that the metabolic activity in cork spot tissue 

is great enough to mobilize Ca (109). 

In cork spot, acetate is apparently the major substrate for 

respiration rather than glucose (109).  Respiration, though tightly 

coupled, can be uncoupled by 2,4-dinitrophenol in disordered tissue 

to about the same degree as respiration in the unaffected tissue 

(109).  Based on histochemical studies it was proposed that bitter 

pit was caused by failure of the dehydrogenasa system to function 

(14). The increased respiration in the cork spot tissue is preceded 

by an increased production of ethylene (109).  This rise is detect- 

able at the very earliest sign of the disorder, and by the time the 

disorder has fully developed ethylene production is 50-60 times that 

of the unaffected tissues (109).  Faust and Shear (109) identified 

the sequences of events occurring in the development of cork spot 

tissue in detail. At the first visible sign of the disorder, the 

rate of ethylene production increased in the affected tissue. Respi- 

ration also increased. Protein synthesis, pectin synthesis, and 

movement of inorganic ions into the affected tissue followed. At the 
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final stage of development, the tissue became brown and appeared as a 

firm brown spot in the flesh of the fruit. 

Apples with internal breakdown accumulate toxic volatiles, 

including acetaldehyde (77) and acetic acid (410).  In these fruits 

there is also leakage of phenolic precursors for the browning 

reactions and cellular death (116). 

Effect of Nutritional Elements on the Development of Bitter 
Pit, Cork Spot, and Internal Breakdown in Apple and Pears 

Calcium 

A. Root Uptake and Ca Mobilization. The Ca content of a plant 

is genetically controlled and is little affected by the Ca supply in 

the root medium provided its availability is adequate for normal 

plant growth (243). Generally the Ca content of the soil solution is 

higher than other nutrients cations, i.e. potassium. However, the 

rate of Ca uptake is lower than that of K. Clarkson and Landerson 

(76) explains this based on the fact that low Ca uptake occurs 

because Ca can only be absorbed by young root tips. The Ca uptake 

can also be competitively depressed by the presence of other cations 

such as K and NH^ which are rapidly taken up by the roots (243).  In 

both uptake and transport it is believed that extensive Ca movement 

is associated with exchange sites (130, 160). 

The ability of absorption and trans location is different for 

different parts of the plant roots. Movement of calcium across the 

root into xylera is restricted where the endodermis becomes suberized 
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(11, 305).  It seems that Ca uptake and transfer to the xylem will 

be restricted to younger parts of the roots (118). 

The transport of Ca from the contex to the stele is restricted 

to the apoplastic or free space pathway which is only accessible in 

non suberized young roots (75). 

The root xylem sap has consistently been shown to be electro- 

negative to the outside solution, therefore, the electropotential 

gradient tending to favour the inward movement of cations (118). 

This could lead to the assumption that root uptake would produce the 

Ca levels found in the sap (113).  Ferguson (118) compared calcium 

concentration in xylem sap with that in the soil solution, to assess 

the contribution of root uptake to calcium transport.  In kiwi fruit, 

the maximum calcium concentration was 1.7 mM at the time of intensive 

bleeding, and averaged 3.8 mM over the season. In sap from apple 

trees Ca concentration ranged from 1.4 to 3.5 mM (174) or a maximum 

of 4.5 mM (43). A value for Ca concentration in the soil solution 

would be about 1 mM (26). 

Calcium uptake appears mainly to be a passive process (243). 

The same holds true for the translocation of Ca within the plant. 

The mechanism of Ca translocation in the xylem is described as via an 

exchange mechanism by many authors (31, 117, 339, 363).  The xylem 

cylinder of the stem may operate as an exchange column for the upward 

translocation of Ca in the stem of bean plant (31). Lignin was 

suggested to be one of the possible exchange sites for Ca transloca- 

tion (338). Ca might ascend in the xylem by mass flow if all 



17 

exchange sites are occupied by ions which cannot be replaced by Ca 

(363).  Trans location of Ca in the xylera is dependent upon Ca concen- 

tration and can be influenced by transpiration.  If Ca is available 

to the xylem its trans location is proportional to water uptake and 

transpiration (113) only to a certain extent.  The Ca uptake into 

leaves and fruits sharply declines with the organs age although a 

constant transpiration rate is maintained (188). 

There is evidence that Ca is translocated preferentially towards 

shoot apax even though the transpiration rate is much lower than in 

old,er organs (243).  It is suggested that this preferential movement 

is related to cell division. The high IAA content in the faster 

developing tissues promotes a proton efflux pump which increases the 

formation of new cation exchange sites so that the growing tissues 

become a center for Ca accumulation (211, 243). 

The establishment of high concentrations of ions in xylem sap by 

root uptake early in the season when transpiration is still low would 

require substantial root metabolic activity. However, Head (150) and 

Atkinson (18) found little root activity early in the season when 

soil temperature were still below 70C. 

It is suggested (396) that the secondary trans location of Ca 

that had been deposited in the wood and bark during the previous 

growth period is the main source of Ca supply to young developing 

tissue and that this movement of Ca occurs early in the season (118). 

Most of the Ca enters the fruit early in the season and the maximum 
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Ca concentration is reached at about the time that cell division 

ceases in various parts of the fruit (157). 

The form of N has been shown to influence the translocation and 

distribution of Ca within the plant (113, 335).  If NH4
+ is used as 

source of N, Ca accumulates in the young leaves but if NO-j" is used 

as source of N, then Ca accumulates in the mature leaves (335). 

Plants that were fertilized by NH^ as source of N had lower Ca 

content than those fertilized with NC^" as source of N (335, 336). 

Ammonium ions may interfere with both uptake and translocation of Ca. 

B. Uptake of Ca by the Fruit. It is generally considered that 

calcium taken up by the roots is consistently transported to the 

leaves and fruits possibly via the xylem, in which the element is 

relatively mobile. Very little Ca supply to the fruits happens via 

the phloem, in which calcium moves much less readily than, for 

instance potassium (367, 397). Most of calcium eventually present in 

the fruits reaches them during their first 4 or 5 weeks of develop- 

ment (338, 401) while the cell walls are being formed; at a later 

stage, there is very little further uptake, in fact there may even be 

a loss of calcium from the fruit, particularly during periods of 

drought (401).  Migration of calcium from the fruit has been con- 

firmed by studies in which *5Ca applied to the fruit surface could 

later be found in leaves and shoots (213). Kohl (122) also confirmed 

that as the weight of apple fruit increases, the absolute mineral 

content of K keeps pace with it whereas the absolute Ca content 

remains almost static so that its concentration decreases, the 
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greatest decrease being found during the most rapid growth period in 

August. Similar results were obtained by Van Goor (380) and by 

Millikan (246). 

A theory put forward by Wiersum (397) and developed by Bangerth 

(20) links the development of bitter pit to changes in the mode of 

water supply to the fruit, where a stress condition during the 

growing season would result in a reduced root growth ceasing there- 

fore the Ca uptake by the young plant roots. Since the leaves 

transpire at a faster rate than the fruits under drought conditions, 

there is water movement from the fruit to the leaves to compensate 

for the water loss. With the water moving out of the fruits, some Ca 

is also carried out, reducing therefore the fruit's Ca content, a 

condition prone to bitter pit development. 

Young apple fruits have a relatively large surface area and 

highly permeable cuticle, and thus also have a high rate of transpi- 

ration. They therefore have a high water requirement. Water supply 

is mainly via the xylem, in which Ca moves comparatively freely 

(296). With increasing fruit size, transpiration diminishes and 

these is much greater phloem trans location of assimilates from the 

leaves with a corresponding reduction in the xylem flow (296). Some 

other mineral elements, eg. K and Mg are mobile in the phloem stream, 

but Ca is not. 

When water supply is low, fruits have to compete with leaves for 

water, and the leaves are stronger competitors by 10 to 11-fold on an 
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area basis.  Under such conditions, migration of Ca from the fruits 

to the leaves may occur. 

Wieneke (395) found that  Ca was readily taken up by the roots 

of apple seedlings. Radio-autographs showed that upward transport of 

Ca took place in the xylem but was almost absent from the phloem. 

Van Goor (380) also discusses the implications of a changeover 

in nutrient transport to the fruit resulting from a switch in trans- 

location from partial supply by the xylem to almost exclusive phloem 

transport, occurring when the fruit weights about 30g. 

Stebbins and Dewey (353), however, provided some evidence for an 

active trans location of Ca in the phloem, in young apple trees. Thus 

the nutrient distribution pattern in juvenile trees may not be the 

same as that in older plants. 

Shear and Faust (335) used *5Ca applied to young and mature 

apple leaves and confirmed the observations of Stebbins and Dewey 

(353).  The growth regulator, Kinetin, was found to increase the 

movement of * Ca into mature leaves (335).  Stem sections from the 

seedlings were eluted with solutions containing salts of various 

cations to study the exchange of •'Ca taken up via the roots, and 

it was found that solutions containing Ca, Mg, or Ba were effective 

in exchanging 4 Ca from sites that it had occupied. These results 

supported the concept of Bell and Biddulph (31) that Ca ascent was 

due to exchange processes rather than to transpiration-induced mass 

flow, and that the removal of Ca ions from the exchange sites is 

governed by the metabolic requirements of individual tissues. 
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Faust and Shear (113) distinguished two types of Ca movement 

within the apple tree. When ^5Ca was administered to the intact 

roots it was transported through the phloem, whereas if administered 

to the cut end of the stem it was transported through the xylem.  In 

the former case Ca moved mainly into the developing leaves and in the 

latter it reached all the leaves including the mature ones. 

When the roots of a plant were killed by hot water, Ca transport 

was shifted from the phloem to xylem (296).  Interestingly, the same 

effect could be obtained by removing the terminal bud. Transport 

towards the fruit appeared to take place via the phloem, but once 

inside the fruit the mode of transport was similar to that observed 

in xylem (112, 118). They suggest that the changeover from phloem to 

xylem transport takes place at the point of attachment of the pedicel 

to the bark, since applied *5Ca did not move into the fruit unless 

the pedicel was cut above this point. 

The formation of Ca oxalate crystals in apple pedicels (200, 

354, 396) has been suggested as a possible factor in impeding the 

movement of Ca into the fruit and generally rying up Ca in an inac- 

cessible crystaline form.  Cox's Orange Pippin, a variety prone to 

bitter pit, had a much higher fraction of Ca fixed as oxalate in the 

pedicel than did the less susceptible cultivar Golden Delicious 

(200). Studies on leaf petioles showed oxalate crystals to occur in 

the phloem tissues rather than in the xylem (354). 
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Relationship of Ca with Bitter Pit, Cork-Spot and 
Internal Breakdown 

A.  Bitter pit and cork spot.  In many countries, bitter 

pit is the most serious physiological disorder of apples.  Since the 

investigations of De Long in 1936 (88) and Garman and Mathis in 1956 

(129) it has been known that deficiency of Ca and/or imbalance of 

Mg/Ca or Mg^/Ca ratio is associated with this disorder. 

The disorders are essentially initiated and generated during 

development under the orchard conditions. Trees subject to marginal 

Ca deficiency (180, 248, 261) developed severe bitter pit and cork 

spot. Ca content of the fruit (88, 89, 129, 152, 184, 226, 249, 261, 

273, 280, 301, 418) has been associated with bitter pit and cork 

spot.  In years when Ca content of fruit was high, no pitting 

occurred; in other years, when Ca content was low, severe pitting 

developed (109). 

Sprays of Ca compounds were found to be beneficial in reducing 

the incidence of pitting in apples (29, 33, 74, 86, 122, 132, 147, 

161, 162, 169, 222, 224, 228, 263, 291, 314, 322, 324, 355, 359, 420) 

and pears (233, 289, 304, 416, 418). Calcium nitrate (29, 34, 55, 

74, 86, 132, 161, 162, 224, 289), calcium chloride (29, 220, 301, 

156, 292, 311, 355), Ca-lactate (312), Ca-acetate (17, 55) and 

bordeaux mixture (237) have been used to decrease the occurrence of 

bitter pit.  Martin et al (220) were able to reduce bitter pit in the 

apple cultivar 'Cleopatra' from 35% to 7% by spraying with CaCNOj^. 

Spraying with Ca(N03)2 or CaCl2 are equally effective in reducing 
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bitter pit in apples (213, 217, 220, 223), but CaCl2 was recommended 

when the fruit nitrogen concentration is already high. Low concen- 

trations of Ca (1103)2 (5 lbs/100 gal.) were recommended for earlier 

sprays and high concentrations of CaCl2 (222, 224, 226) (10 lbs/100 

gal) were recommended for later spraying (213, 217, 220).  The degree 

of control depends on the number of applications and there is little 

possibility that single well-timed applications will correct the 

problem.  Al-Ani (8) reported a reduction of cork spot in D'Anjou 

pears from 49.8 to 16.5% and an increase in fruit Ca of 20% over the 

control, with three sprays with 03(1*03)2 or CaCl2 with a month inter- 

val. It is suggested that the more applications the better the 

control of bitter pit in apples. A spray program of four to seven 

calcium sprays is recommended for best results (122, 322, 325, 326). 

Soil applications of Ca(N03)2 (1 kg/tree) was reported to have no 

effect on fruit Ca concentration and increased the incidence of 

bitter pit due to an increase in available nitrogen from the soil 

without increasing Ca (217, 220, 22, 227). 

Calcium chloride may be more effective than Ca(N03)2 in 

controlling bitter pit, but the CaCl2 can cause leaf scorch under 

certain conditions.  Spraying with CaCl2 at high concentrations (10 

lb/100 gal) early in the season may cause a slight leaf scorch (325, 

326).  Spraying during hot weather and under windy conditions may 

damage the leaves (325). Injury to the fruits may also result from 

high Ca(N03)2 spray (322, 325, 326). 
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The use of additives and surfactants has a great effect on Ca 

uptake from sprays and increases the effectiveness of the treatments. 

Martin et al. (222, 224), studying the effect of Ca salts on the 

incidence of both bitter pit and internal breakdown of apples, con- 

cluded that dimethylsulphoxide (DMSO) was the most effective chemical 

added to 03(1*03)2.  Ca nitrate (0.05 M, 1970 ppm Ca) plus 500 ppm 

DMSO sprayed two times during the growing season were as effective as 

four or six sprays of Ca(N03)2 (0.05 M) alone. 

Postharvest application of Ca has been used to reduce the 

occurence of both disorders of apple and pear fruits, i.e., dipping 

(32. 146, 168, 197, 322, 393) and vacuum or pressure (32, 148, 168, 

197, 315, 316, 322, 358, 393). 

According to Fidler et al. (122), there are few instances where 

the relationship between bitter pit and low Ca concentration has not 

been established. They attribute this to inadequate sampling or 

analytical technique. Perring (267) found that low average Ca 

concentration in bulk samples of apples was associated with suscepti- 

bility to bitter pit but that the relationship between calcium and 

bitter pit in single apples stored individually was not established. 

Sharpies (321) also makes reference to some exceptions of the rela- 

tionship of Ca to bitter pit in apples. 

Loss from bitter pit was negatively correlated with August fruit 

Ca analysis (324).  In orchards where the fruit Ca exceeded 5 mg/100 

g fresh weight, the risk of severe pit in air-stored fruits was low 

and where fruit Ca was lower the risk of pit was high (324).  Wills 
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et al. (409) concluded that calcium concentration in fruit three 

weeks before and at harvest was a reliable guide for predicting 

bitter pit, but that between districts, varieties and seasons there 

were marked differences in fruit calcium concentrations above which 

bitter pit was unlikely to occur. Holland (156) found that fruit 

mineral analysis afforded a reasonably good tool for bitter pit 

predictions, and that the ratio K/Ca appeared superior to any single 

nutrient.  He found no significant difference between K/Ca and bitter 

pit with regards to growth and cropping conditions of the orchards. 

A. significant difference was found between regressions fitted in 

different years, but he points out that this difference was so small 

as to be of little consequence and that a single regression of K/Ca 

with bitter pit, generalizing over three years sufficed for predic- 

tive purposes. 

Al-Ani (8), working on cork spot in D'Anjou pears, found that 

fruit Ca was negatively correlated with both cork spot at harvest (r 

= -0.75) and after storage (r = -0.76) for two consecutive seasons. 

Cork spot at harvest and after storage was positively correlated (r = 

0.74 and 0.75) with N:Ca ratio.  He pointed out that correlations 

between cork spot and both Ca and N:Ca ratio were highly significant 

at harvest and during the growing season as early as July. From his 

work it was concluded that the critical minimum calcium concentration 

in D'Anjou pear fruit for the development of corking disorder is 

about 7 mg/100 g of fresh weight, and that if the N:Ca ratio was 
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greater than 10:1, the critical minimum Ca was progressively greater 

than 7 mg/100 g fresh weight. 

B.  Internal breakdown. The relationship of low concen- 

tration of Ca in the fruit to breakdown in apple has been shown in 

Europe (267, 311, 319) and in North America (25, 247).  Perring (267, 

268) has attempted to establish limits of calcium concentration in 

Cox's Orange Pippin apples grown in England, and has suggested that 

if the level of Ca is not greater than 4.5 mg/100 g fresh weight, the 

fruit is liable to break down early in storage. The inverse rela- 

tionship between Ca content of the fruit and susceptibility to break- 

down has also been demonstrated in Denmark (293), Belgium (374), 

Canada (229, 230), Australia (314), and the USA (50, 381). 

Some reduction in the incidence of the disorder has been 

achieved by the application of a calcium salt to the fruit as a 

preharvest spray (126, 292, 377), as a postharvest injection into the 

core (407, 408), and by dipping 'Jonathan' apples in CaCl2 solution 

prior to storage reduced the development of internal breakdown from 

over 60% to less than 6% (25).  Mason et al. and Scott (314) also 

reported substantial reduction of internal breakdown in apples dipped 

in CaCl2 solutions. 

Correlation coefficients of 0.9 were obtained using log Ca and 

linear breakdown, or log Ca and log breakdown in 'Spartan' apples. 

The incidence of breakdown was 100% at 70 ppm Ca (dry weight basis) 

from 46 to 100% at 100 ppm Ca^ from 3 to 12% at 150 ppm Ca and less 

than 2% at 200 ppm Ca (230). 
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Whereas low calcium concentration in the fruit can be considered 

to be a contributory cause of senescent breakdown, this association 

does not seem to have been established for 'Jonathan' breakdown (342) 

and for 'Sturmer' apples. 

Effect of Calcium on Senescence of Plant and Fruit Tissue. 

Calcium plays an important role in maintenance of cell structure and 

function in plant tissues. Calcium is involved in the cell wall by 

forming linkages between the galacturonic acid chains, as well as 

between glacturonates and the carboxyl groups of other components 

such as protein (280).  It is important also as calcium pectate, the 

cementing substances in the middle lamella between cells. 

Low calcium content is associated with rapid senescence of fruit 

and vegetative tissue (24) and senescence may be deferred by addition 

of calcium to intact fruits, and this has been documented by several 

authors (47, 111, 411).  Poovaiah and Leopold (277) also reported 

that Ca deferred senescence in leaf discs. In avocadoes and toma- 

toes, the delay and reduction in intensity of the climacteric in 

calcium-infiltrated fruit is associated with a similar deferral and 

reduced ethylene production (364, 411).  Poovaiah and Leopold (278) 

have reported a similar delay in the ripening of bananas due to 

increased fruit calcium. 

The rate of protein and chlorophyll degradation in corn leaf 

discs is retarded considerably by cytokinin (benzyladenlne) and by 1 

to 10 mM CaCl2 in the solution on which they float (277, 279).  The 
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studies of Thiemann and Satler (361, 362) implicate stomatal aperture 

as the principal cytokinin-sensitive factor in delaying senescence. 

It is not out of line with the known properties of Ca for it to act 

in maintaining transport and guard cell turgor (149). 

In contrast to its effects on intact organs, calcium included in 

buffer systems has been reported to enhance ethylene production in 

excised mung bean hypocotyl (190), aged slices of postclimacteric 

apple (199), apple protoplasts (10) and potato discs (15). The 

effects of calcium in preserving the ethylene forming system in 

postclimacteric apple slices was attributed to the stabilization of 

membrane by calcium (191, 199). 

Faust and Shear (111) suggest that calcium delays senescence due 

to preservation of the cellular organization (176), by preserving the 

cell membranes and also by maintaining nucleic acid and protein 

synthesis. 

Effect of Calcium on Cell Membranes. One of the major 

functions of calcium in plants is the maintenance of cell membranes. 

The effect of Ca deficiency on cell ultrastructure in the shoot apex 

of barley appeared as structural abnormalities resulting from the 

break-up of the nuclear envelope and the plasma and vacuolar mem- 

branes and "structureless" areas appear in the cells, followed by the 

disorganization of inner cristal of the mitochondria (209).  Calcium 

deficiency caused a general degradation of the endoplasmic reticulura, 

mitochondria,  and chloroplasts in green alga (254).  Calcium 
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deficiency first leads to leaky membranes long before microscopically 

visible breakdown is evident (22). 

The action of calcium is not only to prevent injury to cell 

membranes but also contributes actively to the formation of 

cytoplasmic organelles (62, 175, 201). Calcium deficiency decreased 

the synthesis of mitochondria and reduced their functional capability 

(62). 

It has been reported (22, 62) that the addition of calcium can 

restore damaged membranes, which adds further evidence that Ca is 

essential to the maintenance of plasma membranes. It has been fre- 

quently reported that calcium participates in building up and 

maintaining cytoplasmic membranes in a functional condition (22, 62, 

175, 250, 351, 379, 382). 

There is much evidence that calcium is of fundamental importance 

in regulating membrane permeability and for the maintenance of cell 

integrity (75). Electron microprobe studies by Roland and Bessoles 

(306) have revealed that calcium is located especially in the border 

zone between the cytoplasm and cell walls indicating hight Ca content 

in the plasma lemma. Calcium can be removed from membranes by treat- 

ment with EDTA (382).  This treatment increases membrane permeability 

to such an extent that inorganic and organic compounds can diffuse 

out of the cell and considerable damage may result (382). Impaired 

membrane permeability resulting from Ca deficiency, such as the 

effect of EDTA, influences the retention of diffusable cellular 

compounds (91).  Membranes become leaky as deficiency progresses 
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(209).  The disorder occurs 'first in meristematic tissues such as 

root tips, growing points of the upper plant parts and storage organs 

(243).  Another aspect of the importance of Ca in membrane stability 

has been discussed by Marschner (210), where he suggests that low Ca 

content of storage organs induces a high membrane permeability and 

allows solute diffusion in these tissues. 

Low Ca tomato fruits had a higher tissue permeability preceding 

the occurence of blossom-end rot (379).  Plasma membranes in pitted 

tissue of apple and in tomatoes with blossom-end rot are severely 

disturbed if not destroyed (23). Higher permeability of cell mem- 

branes may cause the acids as well as the phenols to permeate from 

the tonoplast into the cytoplasm and reduce or inactivate enzymes, 

mitochondria and other subcelluLar particles and thus damage the cell 

and tissue (8).  This might happen in a Ca deficient fruit as in 

bitter pit and cork spotted tissues. 

Calcium may affect membrane permeability and stabilization in 

two ways: 

1. Probably the most important aspect of Ca  interaction 

with membranes and how it affects permeability is that Ca interacts 

with adjacent phospholipid phosphate groups and pulls the membrane 

tighter together — this reduces the average area occupied by each 

phospholipid molecule from 41-42 A0 to 38-39 A0; no other divalent 

cations exhibit this property. Calcium may bind to the phosphate 

groups of the phospholipid molecules in membrane. The phosphate 

group can be bridged by Ca  to a carboxylic group of protein (243) 
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2.  Calcium may bind to the protein molecule in the membrane. 

The phosphate group of phospholipids would bind to the NH3 group of 

protein by electrostatic forces. This binding of Ca may alter the 

size of the pores in the membranes and reduce passive permeability 

(23). 

Research within the last decade, first in animal tissues (192), 

then more recently in plants (241, 383), has revealed the presence of 

Ca binding proteins and, in particular, calmodulin. This protein 

interacts reversibly with Ca to form a calmodulin Ca complex, the 

activity of which is regulated by the cellular flux of Ca (192). 

Calcium binding proteins act as potential receptors of Ca mediating 

the effect of Ca in cellular reactions (243). Calmodulin has been 

shown to play a central role in cellular regulation in animals and 

the same seems likely to be the case for plants (73). Very recently, 

Fukumoto and Nagai (127) showed a possible relationship between 

calmodulin and the development of bitter pit in apple fruits.  They 

infiltrated chloropromazine, N-(6-aminohexyl)-5-chloro-l-napthalene- 
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sulfomanide (known as W-7) and N-(6-aminohexyl)-l-naphthalenesulfona- 

mide (known as W-5), all calmodulin antagonists, into the fruits for 

20 minutes under reduced pressure (1 x 10^ Pa).  A few days later, 

numerous bitter pit-like spots were observed in both fruits treated 

with W-7 and chloropromazine, while only a few spots were observed 

after the infiltration with W-5, a less potent calmodulin antagonist. 

They suggest that the development of bitter pit may be due to a 

failure of calmodulin activation. 

Effect of Calcium on Respiration. The calcium ion is known 

to be involved in many fundamental physiological plant processes 

involving cell walls, membranes, chromosomes and enzyme activation, 

among others (175).  In postharvest physiology, disorders such as 

bitter pit (109, 225, 255, 346) and internal breakdown (346) in 

apples and cork spot in pears (288, 289, 301, 384, 411) have all been 

directly linked to low Ca content of the fruits.- It has been 

suggested that these disorders result from increased respiration rate 

(111) following membrane permeability changes (303) which lead to 

rapid cellular senescence and necrosis. 

Respiration of apples was found to be inversely related to Ca 

content of flesh (111).  Respiration was markedly increased if Ca 

concentration was below 110 ppm, and high Ca counteracted the . 

increased respiration induced by ammonium-N (111). Wang and 

Mellenthin (390) found that pears affected with cork spot respired 

more rapidly than sound fruit.  Bramlage et al. (47) reported a 
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highly significant negative correlation (r = -0.82) between peel Ca 

and respiration rate for 'Baldwin' apple fruits.  A negative and 

highly significant correlation (r = -0.83) was reported by Richardson 

and Al-Ani (302) in D'Anjou pear. Higher calcium levels in the flesh 

depressed preclimacteric, climacteric and postclimacteric respiration 

of apples (46, 111), avocadoes (364) and pears (302, 385). The same 

inhibitory effect was observed for respiration of apple mitochondria 

(346).  On the other hand, Bramlage et al. (47) found no influence of 

Ca content on the time of the climacteric occurence in apples. 

There are reports that addition of Ca  to calcium deficient 

tissues reduces respiration (108, 279).  Postharvest dips in CaCl2 

solution have reduced the rate of respiration of intact apple (25) 

and pear fruits (8). 

One of the possible explanations for this high respiration in 

tissues with low Ca is that higher permeability of the membranes 

(277, 308) may increase substrate availability to respiratory enzymes 

in the cytoplasm and ittitochondria (23). 

Effect of Calcium on Ethylene Biosynthesis and Evolution. 

Treating bean plants with CaCl2 and then exposing them to ethylene 

gas or treating them with ethephon showed that CaCl2 completely 

inhibited the leaf abscission-enhancing effect of ethephon or ethy- 

lene in intact bean leaves (279, 280, 281). Calcium also inhibited 

the abscission-enhancing effect of NAA in bean plants (279).  It was 

found that Ca concentration ranging from 10-* to 10"^ M CaCl2 can 

reduce ethylene biosynthesis in bean plants (277). 
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D'Anjou pear fruits affected with cork spot produce more ethy- 

lene and produce it earlier than normal fruit (302, 390). Faust and 

Shear (110) reported that ethylene production by pitted apple tissues 

was two-fold higher than normal tissues. Calcium depressed the peak 

of ethylene production and delayed ripening of avocado fruit infil- 

trated with 0.1 M CaCl2 (364).  In avocadoes and tomatoes, the delay 

and reduction in intensity of the CO2 climacteric in calcium-infil- 

trated fruits is also associated with deferred and reduced ethylene 

production (364, 411).  There are reports that addition of calcium to 

calcium-deficient tissues supresses ethylene production (108, 279), 

and calcium has been implicated in the regulation of C2H4 production 

(411).  The close relationship between C2H4 production and IAA and 

the IAA oxidase system (123, 138) on the one hand, and Ca and IAA 

transport (255) and responses on the other, would suggest the 

possible link between Ca and C2H4 production. According to Dooley 

(94) his results on storage breakdown of 'Jonathan* apples confirms 

the antagonistic interaction between calcium and ethylene and 

suggests an accurate index of storage potential of apples could be 

based on both the calcium and ethylene levels. 

In contrast to its effect on intact organs, calcium included in 

buffer systems was reported to enhance ethylene production in excised 

mung bean hypocotyls (190), aged slices of postclimacteric apple 

(199), apple protoplasts (10) and potato disks (15). The effect of 

calcium in preserving the ethylene forming system in postclimacteric 
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apple slices was attributed to the stabilization of membranes by 

calcium (191, 199). 

Ethylene production in plants proceeds predominantly, if not 

exclusively, via the pathway methionine  SAM  ACC  C2H4 (4)- In 

most tissues, the rate-limiting step is SAM  ACC, catalyzed by the 

enzyme ACC synthase (36, 64, 424). Changes that cause membrane 

disruption will impair this conversion since this step is membrane 

associated (12).  Because loss of membrane integrity is one of the 

basic features of senescence, ACC conversion to C2H4 may be limited 

in senescent tissues. Most of the calcium-induced stimulation of 

ethylene production can be accounted for by its effect on ACC produc- 

tion, suggesting that the primary effect of calcium is on a step of 

ethylene biosynthesis preceding ACC production (103). However, cal- 

cium may also affect ACC conversion to ethylene, since a consistent 

increase in ACC-dependent ethylene production was observed in the 

presence of calcium (103). 

Effect of Calcium on Fruit Firmness. Fruit firmness is a 

very important postharvest quality factor. This is especially impor- 

tant for long-term fruit storage. There have been many indications 

that fruit Ca content is related to the flesh firmness (25, 32, 90, 

197, 228, 229, 232, 304, 315, 393). D'Anjou pear fruit low in Ca 

soften prematurely and cannot be stored for long periods of time 

(122, 233, 289, 300). Also, calcium dips maintained fruit firmness 

in Spartan (197, 229), Mclntosh (32, 228, 393), Jonathan (25, 90), 

Golden Delicious (304), Newtown (386), Gravenstein, and Cox's Orange 
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Pippin (315) apples.  D'Anjou pears dipped in CaCl2 solution were 

also firmer than non-dipped pears after storage. Flesh firmness 

retention by postharvest Ca dips has varied from 3.7 N (229) up to 

over 9.8 N (228, 231, 304) depending on cultivar.  Spray applications 

in the field during fruit growth also gave better fruit firmness 

retention. According to Riley and Kolatakudy (304), Golden Delicious 

apples individually sprayed with CaCl2 solutions over a period of 

nine weeks immediately prior to harvest were 9.8 N firmer than un- 

treated apples at harvest time, and that differences persisted during 

storage. 

Contradictory reports on fruit dippings were made by Bramlage et 

al. (47) and Porritt (284) which have not found the Ca firming effect 

to be consistent. However, the initial concentration of flesh cal- 

cium and amount of calcium penetration from the postharvest dip may 

determine the magnitude of the effect and could account for these 

discrepancies. 

Calcium chloride colution dips increase the calcium concentra- 

tion of the flesh with detectable increases near the skin after two 

weeks and increased to 20 mm depth after eight weeks (232).  The 

concentration of calcium in apple flesh resulting from a dip is 

increased considerably by addition of thickners (e.g., Keltrol) and 

surfactant to the dip solution (171, 197, 232). Dewey (90) found no 

effect of a surfactant on the amount of Ca absorbed by Jonathan 

apples dipped in a CaCl2 solution.  Ca penetration was reduced by the 

inclusion of a surfactant, but was inhanced when a thickener was 
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added to the dipping solution (232).  Lidster and Porrit (197) also 

reported higher flesh Ca with the use of thickener in dipping solu- 

tion, with a substantial retention of flesh firmness. According to 

them. Spartan apples absorbed less Ca from a postharvest CaCl2 dip 

than did Mclntosh, which absorbed less than Golden Delicious or Red 

Delicious apples. The use of surfactant in CaCl2 dipping solutions 

did not affect Ca penetration into Mclntosh or Delicious apples but 

decreased penetration of Ca into Spartan and Golden Delicious, and 

this was reflected in differences in the gain of firmness among 

cultivars. 

Relationship of Calcium with Organic Acids in Fruit. 

Pitted tissues contain high concentrations of amino acids (aspartic 

and glutamic), more protein, and more organic acids than healthy 

tissues (20, 22, 120, 313, 340).  Successive reduction of calcium 

solubility as well as citric acid accumulation in pit lesions may 

cause bitter pit in apples (95).  The predominant organic acid in 

bitter pit is citric acid, while malic acid is the major constituent 

in the normal tissue (109). Citric acid also replaced malic as the 

principal acid in the pits of Cox's Orange Pippin apples (153), and 

was the only acid found in the pits of Golden Delicious and Ontario 

apples (122). Organic acids in the fruit can have antagonistic 

effects on Ca by providing H+ (22).  Organic acid can also remove 

calcium from its binding sites such as in the membrane by acting as 

calcium chelators (22).  An increase in citric acid may increase the 

development of bitter pit (22). 
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The high acidity in the pitted tissue may cause the cations to 

move in the affected tissues to neutralize the excess of acidity 

(109). 

Removal of calcium from the membrane by the action of organic 

acids can increase permeability, respiration, ethylene evolution and 

senescence (114). 

Relationship of Calcium to Postharvest Diseases. All types 

of plant produce are susceptible to postharvest diseases (6). Post- 

harvest rot losses for fruits range from 12 to 23% (149). Prevention 

of postharvest decay often requires an integrated approach that 

includes protective treatments in the field or orchards and post- 

harvest treatments in the packing house (149).  Modified environment 

techniques have improved the control of decay in fresh commodities 

(350). The initial quality of fruit is also very important for 

control of the decay (348). 

The causes of rotting in apples and pears are mainly fungal 

infections, ranging from 20 to 30 species of fungi isolated from 

samples of fruit (9, 83, 181). However, the most common fungi found 

which cause the greatest losses of economic importance are Botrytis 

cinerea (30, 307, 403), PeniciIlium expansum (19, 139, 149), 

Gloeosporium album (6, 60, 149) and Mucor spp. 

The rotting of apple and pear tissue is associated with the 

separation of cells and loss of pectic materials (80, 82). The loss 

of pectic substances in the middle lamellae and cell walls results in 
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loss of wall integrity (347). Solubilization of polyuronides from 

cell walls results in decreased fruit firmness (185), a key step in 

fruit ripening, and resistance to fungal attack is reduced. Analysis 

revealed protein loss during maturation until the fruit became sus- 

ceptible to rotting and the amount of calcium in the susceptible 

fruit tissues was found to be lower than in resistant fruit (122).  A 

pectin-protein-metal complex, resistant to fungal hydrolysis and 

therefore unable to serve as a source of carbon, was thought to be 

involved in the resistance of immature apples to the invasion of 

pathogens (122). 

The incidence of rots in apples (47, 50, 88, 39) and pear (122, 

384) fruits is believed to be at lease partially related to calcium. 

Wilkinson and Perring in 1964 (405) and Perring in 1968 (268) 

stressed the importance of calcium in relation to postharvest 

diseases of Cox's Orange Pippin apples. 

The addition of CaCl2 to benomyl increased the effectiveness of 

the fungicide in controlling decay following postharvest treatment 

(63).  A more recent investigation showed that increased calcium 

content of fruit by postharvest applications may also reduce fruit 

decay (84).  Conway and Sams (85) pressure infiltrated Delicious 

apples with an 8% CaCl2 solution, stored for 3 months, then inocu- 

lated with a spore suspension of P. expansum. The infiltrated apples 

had 40% less decay than nontreated fruits. Wieneke (40) suggested 

that most calcium applied to the surface of apples penetrates through 

the lenticels and is located in the cell walls, possibly bridging 
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with the plasmalamma, and that the localization of native calcium and 

calcium originating from postharvest treatment is the same. Reduc- 

tions in rotting have also bean achieved by applications of calcium 

salts during the growing season (312, 326). 

The mechanism by which calcium retards fungal decay may be 

similar to the effect that calcium has on the mechanisms that delay 

ripening or senescence and softening of the fruit. Calcium is known 

to help maintain cell wall integrity (23, 209, 297, 324).  Since P^ 

expansum produces enzymes that are related to cellular degradation 

leading to decay (81), Conway and Sams (85) suggested that Ca may 

maintain cell wall integrity by retarding fungal enzyme activity. 

Nitrogen 

Excessive nitrogen levels in the tree and fruit reduce fruit 

quality (48).  Fruits high in nitrogen at harvest tend to be larger, 

softer and more likely to have cork spot and bitter pit (42, 48). 

Following storage, they develop greater amounts of bitter pit and 

internal breakdown (42).  In the Pacific Northwest, probably 50 to 

75% of apple orchards, and a smaller percentage of pear orchards, are 

excessively high in nitrogen (300).  A high incidence of bitter pit 

has been associated with high fruit N (25, 107, 223, 226, 227, 313, 

320, 322, 325, 326, 328, 329, 330, 331, 337, 338, 339). Pitted 

tissues have lower Ca and higher N (48, 120, 223, 226, 326).  High N 

can have indirect effects of Ca concentration in the fruit either by 

increasing fruit weight, thereby diluting Ca, or by increasing shoot 
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growth which competes with the fruit for Ca moving in the transpira- 

tion stream (107, 109, 324, 330, 331, 332, 335, 336, 338, 339). 

The form of N fertilization (NH4"**, N03~, or urea) has also been 

reported to be related to the fruit susceptibility to bitter pit 

incidence (48, 59, 179, 274, 398, 414). 

The form of N affects concentration of calcium in the fruits and 

its distribution within the plant.  According to Shear (328) 

ammonium-N fertilizers can aggravate calcium deficiency in apples. 

Recently Ludders (204) demonstrated that the use of ammonium rather 

than nitrate nitrogen substantially increased K/Ca ratios in apples 

by reducing Ca accumulation, resulting in greater incidence of bitter 

pit. 

Greater susceptibility of apple fruits to bitter pit relative to 

high levels of nitrogen fertilization depends on the apple cultivar. 

Link (202) reported that the incidence of bitter pit was increased 

significantly by higher rates of nitrogen in Gravenstein but not in 

Cox's Orange Pippin. Differences also exist between apples and 

pears.  Richardson and A.l-Ani (301) found that N:Ca ratio was positi- 

vely related to cork spot in D'Anjou pear fruits at harvest (r = .74) 

and after storage (r = .75).  However, they reported a weak correla- 

tion for N alone with the disorder. High N can affect the beneficial 

effect of normal concentration of calcium, so that a low N:Ca ratio 

and ad-equate Ca is required for good fruit quality (50, 301, 324, 

331, 338).  Cork spot in D'Anjou pear is expected to be more than 30% 
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if N:Ca ratio is higher than 10 (301) and in apples it has to be less 

than 10 to 14 to expect less than 10% bitter pit (331). 

More recently, Ystass (423), working on nitrogen fertilization 

and quality of pears, reported no difference in fruit quality and 

size due to nitrogen supply, and it can be concluded that the pear 

fruit is insensitive to differential nitrogen fertilization. 

Potassium 

Potassium, although of less importance than Ca, seems relate to 

bitter pit in apples and cork spot in pear fruits.  In fruits 

affected with the disorders, the concentration of potassium in the 

pit area is higher than in healthy tissues (56, 332, 378).  High 

potassium fertilization has been reported to increase the incidence 

of bitter pit (57, 109, 221).  Spray applications of potassium can 

increase the occurence of the disorder (32, 57, 58, 221, 414). 

It has been suggested that the K/Ca ratios in the fruit are more 

important than the absolute K levels (16, 17, 21, 38, 416, 417). A 

high K/Ca ratio favors the development of bitter pit in apples (17, 

109, 135, 260, 404) and cork spot in pears (16, 416, 417). In a 

calcium deficiency situation, K was found to be greatly increased 

(58, 109, 324, 378, 404, 414) resulting in the development of bitter 

pit. The ratios (K + Mg)/Ca has been negatively correlated with 

bitter pit and cork spot (8, 16, 17).  Schumacher (312) suggested the 

use of (K + Mg)/Ca ratios as the simplest index to predict bitter 
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pit. More recently, Holland (156) also pointed out that the ratio (K 

+ Mg)/Ca appears superior to any single nutrient measure, but the 

simplest ratio, K/Ca, was just as good. 

A. high K/Ca ratio seems also to favor the development of inter- 

nal breakdown in apples (104, 272). Very low levels of potassium 

reportedly cause a type of breakdown of apples during storage (322). 

Senescent breakdown and low-temperature breakdown of apples were 

reported to be reduced 50% when the fruits had adequate supply of K 

(402, 404). 

Phosphorus 

Reports conflict on the relationship of phosphorus to bitter pit 

(109). Phosphorus was reported to be significantly negatively corre- 

lated with bitter pit in apples (50, 217, 252); however, several 

authors have reported that the disorder was associated with high P 

content (54, 256, 318, 332). Faust and Shear (109) explained that in 

cases where P content was high, fruit calcium content was low (227) 

and so was K (252). Bitter pit only developed when the Ca was low 

and did not develop when K was low. Faust and Shear (109) suggest 

that Ca and K, and not P, played a role in pit development. In 

pitted areas, P content has been found in high levels (109), leading 

to the misconception that high P concentration was the cause of the 

disorder. However, it is known that mineral elements migrate to pit 

areas (17, 128); thus high P content in the pitted areas has no 

specific importance. 
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According to Bramlage et al. (48), in North America there is 

little evidence of effects of phosphorus concentration on postharvest 

fruit quality. It has however been reported to be a contributing 

factor to great deterioration of apples during storage (172, 370) in 

England. 

Internal breakdown has also been suggested to be affected by low 

levels of phosphorus in the fruits (50, 267, 404).  Letham (193) 

attributed the increase in susceptibility to the increased phospho- 

lipid level in the cell membrane. Johnson (170) sprayed triple 

superphosphate, calcium tetrahydrogen diphosphate, and mono-ammoniura 

phosphate in Bramley's apples, noticing an increase of phosphorus in 

the fruit's flesh of 0.8, 1.2, and 1.1 mg.100 g, respectively. The 

severity of breakdown (index maximum 60%) in fruits was 16, 19 and 

18% percent, respectively, compared with 31% in the untreated 

controls. 

Critical levels of phosphorus in Bramley and Cox fruits was 

suggested to be 9 mg/100 g and 11 mg/100 g, respectively. Below 

these values internal breakdown was a risk (170). 

Jakobsen (166) found that steady uptake of calcium may be 

improved by increasing the availability of phosphate early in the 

growing season, thus demonstrating an interaction between Ca and P on 

fruit nutrition. 

Magnesium 

High levels of Mg in fruit has been associated with increased 
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incidence of bitter pit (17, 376, 414).  Pitting can be induced with 

Mg soil treatment (207, 282, 414), or by spraying with Mg salts (109, 

221, 223, 227, 310, 332, 398, 415).  Bramlage (48) however, points 

out there is little evidence for direct effects of either deficient 

of excess magnesium on fruit quality, and Oberly et al. (256) 

reported that apple fruit pitting decreased with increased leaf Mg 

content. 

Magnesium, along with calcium and potassium, plays an important 

role in bitter pit development (310, 415), but due to antagonistic 

interactions at the membrane levels where they could occupy some of 

the non specific Ca attachment increasing membrane permeability. 

In earlier discussion, (K + Mg)/Ca was more closely related to 

bitter pit development than either K of Mg alone, or K/Mg. The 

effects of K or Mg on development of fruit disorders are a manifesta- 

tion of a (K + Mg)/Ca imbalance, and Mg was suggested to be less 

important than K in pit development (129). 

Quinlan (287) explained the reason why high magnesium has often 

been correlated with fruit disorders. Magnesium and potassium tend 

to accumulate at a uniform rate in fruit. Therefore, any reduction 

in calcium accumulation in the fruit is reflected in a higher ratio 

of K or Mg, or both, to Ca. When calcium levels are below a certain 

threshold value, magnesium may substitute for Ca (327, 334, 369) and 

Hara et al. (148) showed that when calcium is low, magnesium may be 

partly incorporated into cell membranes, but when Ca is high, Mg 

remains in the cell sap.  This replacement of Ca by Mg would bring 
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about membrane deterioration and predispose fruit to disorders (333). 

The ratio Mg/Ca was suggested to be of importance in predicting 

bitter pit development (405).  If the Mg/Ca ratio is less than 1.8, 

bitter pit is not expected, but if the ratio is above 2.0, more 

disorder is expected. 

Boron 

The relationship of Boron with cork-spot and bitter pit is 

unclear, and opinions among several authors are contradictory. There 

are some reports showing that boron treatments can reduce 

physiological disorders (40, 195, 260), while many others have shown 

them useless (35, 39, 399, 417). Unfortunately, low B is related to 

certain types of apple corking disorders, but their characteristics 

are distinct (usually) from Ca deficiencies. 

Excessive levels of boron in fruits can cause earlier maturation 

and increased incidence of watercore and Jonathan spot at harvest, 

and increased incidence of internal breakdown and decay after storage 

(42, 49). 

Boron deficiency may interact with calcium deficiency in the 

promotion of cork spot and bitter pit, since both reportedly could be 

reduced by boron application (48). According with Shear (332), this 

B effect is probably indirect since both soil and foliar application 

of boron can increase fruit calcium. The exact mechanism by which 

boron enhances calcium uptake is not understood but it has been shown 

to maintain more plant calcium in soluble forms (212).  Cork spot of 
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'York Imperial' apples was reduced by increasing boron when calcium 

was in marginal supply (338). When calcium was deficient or merely 

adequate, increasing boron did not affect incidence of cork spot. 

Dixon et al (92) increased fruit calcium with foliar sprays of boron 

under orchard conditions. To be effective, B has to be applied at 

the time of greatest demand by the fruit calcium (333).  Corkspot of 

'Imperial' apples was reduced with boron sprays at full bloom and up 

to three weeks thereafter but later sprays were ineffective (151). 

Increased movement of calcium went into leaves sprayed with 

boron (337).  Boron may be required for the transport of Ca into 

fully developed tissues (109). The increase in Ca accumulation in 

leaves sprayed with B could be due to the stimulation of metabolic 

activities of the parenchyma cells of the leaf (336). The mobility 

of B from leaves to fruit is questionable (250, 257). One further 

possibility is that early B spray smay increase fruit set and thus 

affect fruit Ca by having more, but smaller fruit. 

According to Shear (328) there is variability between years and 

sites in responses to boron, he suggests that boron sprays are likely 

to be affective only when the availabilities of B or Ca or both, are 

restricted by soil content or moisture condition. 

Other Nutrients 

Jackson (162) found no effects of sprays containing vanadium, 

iron, strontium or tungsten on the incidence of bitter pit. Simi- 

larly, Martin et al (220) failed to obtain a response to sprays of 
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barium or strontium nitrate.  'Cox' apples treated with 36 minor 

elements to control the incidence of bitter pit had no beneficial 

influence (27).  Spray application of sodium (251) and zinc (266) was 

reported to increase the development of bitter pit in apples. By 

contrast. Shear reported (332) that Zn spray, or soil applications 

may be able to reduce bitter pit (Magness et al, (207)). 

Effect of Fruit Size, Crop Load and the Development of Bitter 
Pit, Internal Breakdown and Rots 

Large fruit size has generally been associated with poor keeping 

quality (122).  A number of studies have been made of the effect of 

size and in general, all of them agree in finding that large fruits 

are more susceptible to physiological disorders and rotting (109, 

116, 216, 259, 320). 

Bitter pit is particularly prevalent in large sized apples which 

are generally produced by lightly cropping trees, and this relation- 

ship has been demonstrated for many cultivars-(109, 375). Large 

apples have also been found to be more susceptible to core breakdown 

than smaller ones (67, 137, 219). 

According to Perring (269), analysis of individual apples and of 

bulk samples picked at different stages of development and from 

different orchards and trees receiving different orchard treatments, 

showed that the calcium concentration in the fruit was mainly 

dependent on fruit size, the larger apples having lower concentra- 

tions of calcium (404, 405).  Ratkowsky and Martin (94) reported a 

positive association between bitter pit in apples and mean fruit 
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weight, and a negative relationship with calcium content. They 

emphasize the importance of including mean fruit weight as one of the 

variables when studying the relationships between disorders and 

mineral content. Generally, those conditions which lead to calcium 

deficiency tend to lead to increased fruit size per tree and greater 

susceptibility to bitter pit. Mean fruit size is dependent on 

cropping level, and hence, often relate to environmental factors 

(270).  Frost before or during pollination can result in fewer, 

larger apples with subsequent lower calcium concentration, and cold 

weather during flowering can have a similar effect by inhibiting 

pollination (270). Conversely, heavier crops of small apples usually 

have high calcium concentration and less Ca deficiency disorders. 

Rootstocks can influence fruit Ca concentration, and thus sus- 

ceptibility to develop bitter pit. This effect appears to result 

mainly from their influence on mean mass per apple (270) and is 

related, in part, to fruit set. 

The low viability of pollen from certain pollenizlng cultivars 

was also suggested to lead to low fruit calcium and high incidence of 

pitting (265). Heavy rainfall or irrigation can result in large 

fruit size of low calcium concentration and increased occurence of 

bitter pit and internal breakdown (270). Recently, Perring (271) 

reported different degrees of bitter pit susceptibility among 

different cultivars of apple based on their fruit calcium concentra- 

tion and weight. 
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Some increase in fruit calcium content has resulted from 

treatments that reduced mean mass per apple, for example, the 

application of lime (270), late boron sprays (167), and hormone 

sprays (323) have had these effects. 

Lidster et al (198) reported that large fruit require greater 

flesh calcium concentration than smaller fruit to prevent breakdown. 

Also large fruits would require greater calcium uptake from 

postharvest dips to give adequate control of breakdown. This was 

both confirmed by Lidster et al (197) where they demonstrated an 

inverse relationship between fruit weight and increase in calcium 

content in Spartan apples resulting from postharvest CaCl2 dips. The 

greater increase which occurred in small fruit might be partly 

explained by geometry:  small fruit has a greater surface to volume 

ratio than large fruit and hence the dip provides relatively more 

calcium for absorption into the tissue. Small fruit might also have 

thinner, less well developed cuticular wax than larger fruit. 

Martin et al (209) showed that large fruits from light-cropping 

trees have larger cells and a higher rate of respiration per unit 

protein than smaller cells of fruits from heavy-cropping trees. They 

suggested that the more rapid senescence and susceptibility to 

storage disorder of the larger fruited, light-crop apples might be 

due to this higher rate of respiration. 
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Postharvest Quality Aspects of Apples and Pears 

Introduction 

Fruit quality is closely related to maturational processes, and 

is a crucial characteristic which determines acceptance by consumers. 

Many factors interact to determine fruit quality. A schematic for 

fruit quality could be outlined as follows: 

Quality factors for fruits and vegetables: 

a - Appearance - Size; shape and defects 

Color - Pigments 

Phenolic compounds 

b - Texture - Firmness - Polysaccharides, cell turgidity 

Toughness -Lignin formation 

c - Flavor - Taste - Sweetness - sugar, starch 

- Sourness - organic acids, minerals 

- Astringency - Tannins 

Aroma - Volatile compounds 

d - Nutrition - Vitamins 

- Minerals 

- Proteins 

- Carbohydrates 

- Fat 

These various factors interact and must be at proper balance to 

develop optimum dessert quality for the species or cultivar 

considered. Dessert quality of a ripe fruit may be related to 
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organic substances such as acids, sugars and cell wall materials 

maintained in the fruit during storage as well as to enzyme activi- 

ties during ripening (286, 349). Knowledge of the composition of 

apple and pears is necessary to understand their role in fruit 

quality. 

The approximate composition of apples and pears (on fresh weight 

basis) is shown in the following table. 

As the fruits on the trees develop they undergo a series of 

biochemical changes (373).  Wang et al (391) reported that maturation 

of pears results in a decline in organic acids and firmness and an 

increase in weight, soluble solids and soluble pectins. 

During ripening, a fruit passes through a series of overt 

changes in color, texture and flavor, indicating that compositional 

changes are taking place. Attainment of optimal eating quality of a 

fruit requires coordinating completion of such chemical changes. 

However, this can only be accomplished if the fruits are picked at 

the proper maturity; otherwise, immature or overmature fruits will 

have unsatisfactory quality, even after desirable ripening changes 

are completed (264). 

A schematic for compositional changes associated with ripening 

of fruits is indicated on the following page. 

According to Kupferman (189), fruit quality at harvest, harvest 

timing, storage regime, length of storage, and method of shipment 

will determine that fruit quality in the market. An error at any of 

these steps can adversely affect the entire program. 
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Constituent Apples Pears 

Water (%) 
Total carbohydrates (% 
Fiber (%) 
Total proteins (%) 
Total fats (%) 

Total sugars (%) 
Reducing sugars (%) 
Sucrose (%) 
Fructose (%) 
Glucose (%) 

Titratable acidity (%) 
Main organic acids 

Pigments 

Anthocyanins (mg/lOOg) 

Carotenoids (mg/lOOg) 
-carotene  (mg/lOOg) 

Vitamin A value (IU) 

Ascorbic acid (mg/lOOg) 

Total phenolics (%) 

Volatiles of organoleptic 
significance 

81-85 82-84 
14.1-13.8 12.5-15.3 
1.0 1.4 
0.2 0.7 
0.6 0.4 

11.5-13.0 9.7-13.0 
6.0-8.5 7.0-10.5 
2.4-4.4 1.0-2.5 
5.0-6.5 6.0-8.0 
0.7-1.8 0.8-2.4 

0.40-0.50 0.25-0.35 
Malic Malic or Citric 

0.1-21.6 (pell) 0-? (red skin 
cultivars) 

5.5-12.6 0-0.6 
0.2-7.6 0-0.1 

90 20 

2-10 2-6 

0.1-1.0 0.2-0.5 

Hexanol, 2- -Hexe- Methyl- 
nal (green)     4-decadienoate 

(pear flavor) 

Ethyl-2-methyl- 
butyrate (ripe) 

By A. A. Kader, U.C. Davis, 1982. 
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RED COLORS 
YELLOW COLORS 
SUGARS 
FLAVORS 
ODORS 
SOLUBLE PECTINS 
POLYMERIZED 

TANNINS 

•GREEN COUOR 
- STARCH 
. ACIDITY 
- INSOLUBLE PECTINS 
• FLESH FIRMNESS 

UNPOLYMERIZED 
TANNINS 

TIME 

By A. A. Kader, U.C. Davis, 1982. 

Fruit Firmness 

According to Bramlage (45) apple firmess is used worldwide as a 

measure of ripeness and condition of the fruit,  it is used for 

'Imperatore' and 'Stark Delicious' apples as one quality index (366). 

However, several authors disagree about its validity in apples (93, 

290), at least for use as a dominant quality index. 

Flesh firmness is a very useful index for Anjou pears and they 

should be harvested at optimum maturity, 63 N flesh firmness, to 

provide good dessert quality after long term storage (244). Hansen 

and Mellenthln (143) suggested a flesh firmness between 67 and 57 N 

as an optimum maturity index for D'anjou pears.  D'anjou pears are 
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considered to be at end of commercial storage life when they soften 

to a firmness of 45 N (283).  Conference pears are at optimum 

maturity with firmness values of 49 to 65 N (121), and according to 

Williams (412), Bosc at 58 N, B'artlet at 76 N, Kieffer at 62 N and 

Seckel at 71 N. 

The softening of fruits is caused largely by the breakdown of 

insoluble protopectin into soluble pectin and there may be some 

contribution by hydrolysis of starch or fats. Lignin synthesis in 

some vegetable fruits may also adversely affect texture (264). 

Color 

The ground color of the skin of fruits is determined by the 

concentrations of chlorophyll and carotenoids (133). As the fruit 

matures, chlorophyll begins to disappear and carotenoids contribute 

more to the color (122, 133).  Therefore color changes may be due to 

either degradative on snythetic processes, or both. 

In most varieties of pears and for some apples, i.e. Newtown 

apples, skin color varies from deep green to yellow. For certain 

cultivars of apples, red coloration is an important criterion of 

quality (324).  Skin color has been suggested as an index of optimum 

maturity at harvest associated with dessert quality; as it is used 

for Gravenstain (134) and Golden Delicious (366) apples. 

The green color retention of certain cultivars of apples and 

pears during and after storage has been suggested to be an indication 

of the fruit's quality condition (47, 125, 315, 384). 
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The orchard's mineral nutrition is known to affect fruit color 

(104, 105).  High nitrogen has been associated with poor red color in 

certain cultivars (28, 41, 206).  Increased potassium fertilizer was 

found to offset the adverse effect of high nitrogen on red fruit 

color (394).  Growing temperature also influences color. Warm night 

temperatures before harvest was associated with deep green color of 

Golden Delicious (358). 

Soluble Solids 

Soluble solids measurements, usually determined by a hand held 

refractometer, largely represent free sugars as the major solutes. 

Other constituents, such as dissolved salts, organic acids, etc., 

also contribute to the soluble solids value, but generally sugars are 

the major contributors. The optimum eating quality which is charac- 

teristic of a fruit variety is largely determined by its sugar-acid 

balance. 

Soluble solids increase as fruits develop on the tree. Chen 

(68) studied harvest date on ripening capacity and post-harvest life 

of Anjou pears, and reported that fruits picked at the time of 

commercial harvest (September 4) had 12.1% SS content which increased 

to about 13.1% if left on the tree for an additional 21 days. He 

also reported that usually there is little change of SS during 

storage of pear fruits. In apples it is known that soluble solids 

vary greatly and are dependent upon moisture supply and climatic 

conditions during development (140).  The time of bloom and the 
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subsequent pollination is suggested to affect the soluble solids 

content, the earlier the bloom the higher will be the SS (357). A 

highly positive correlation exists between apple fruit soluble 

solids:  acid ratio and days from full boom (145). 

Generally SS increase as fruit ripening proceeds and can be 

influenced by the storage regime. The average amount of SS in 

unripened fruit was reported to be 11.5% irrespective of the storage 

condition. However SS of 1% (^-stored fruits increased significantly 

to 12.5% upon ripening while SS of air-stored fruits increased only 

slightly to 11.7% (70).  The increase in SS of ripened fruit could be 

due to conversion of starch to soluble sugars and/or a release of 

cell-wall-bound neutral sugars (7, 70, 136, 360). Mellenthin and 

Wang (245) reported that soluble solids in Anjou pear fruits vary 

with season, location and preharvest temperatures. It is suggested 

not to be a reliable measurement of fruit maturity (68).  However, 

soluble solids have been used as common indicators of fruit quality 

and storage life (63, 68, 125, 245, 286) of certain types of fruit, 

especially citrus. 

Titratable Acidity 

Ulrich (373) suggested that most of the fruit acids are 

localized in the vacuole of the pulp cells. Usually, fruit acids 

decrease from the time of fruit set to harvest time (145). According 

to Chen and Mellenthin (68) TA shows little relationship with dif- 

ferent harvest dates, and that it varies in the fruit with season, 
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location and preharvest temperature (245).  They discourage the use 

of TA as a reliable measurement of pear fruit maturity. 

Titratable acids are used up more rapidly than the sugars during 

storage and if acid losses are too great, the apple fruit can taste 

overly sweet (269).  Mellenthin and Wang (269) stated that Anjou 

pears with high acid and sugar content at harvest have better post- 

harvest quality than those with low acid and sugar content. 

Measurement of 7 identified organic acids in Anjou pear fruits, 

revealed that malic acid is the predominant one (72), and that the 

flavor differences of ripened fruit are suggested to be at least 

partially due to quantitative differences among those 7 organic 

acids. 

Retention of acids in fruits is nearly always associated with 

prolonged storage life (186, 196). Titratable acidity is known to 

decrease during fruit storage (68, 71, 105, 269). 

Different regimes of postharvest storage can influence the final 

amount of TA in fruits after storage. Mellenthin et al (244) stored 

Anjou pears for 8 months at different O2 concentrations.  The changes 

in titratable acids were as follows.  Fruit stored at 0.5% O2 

maintained their TA with little change.  Fruit stored at 1.0 - 5.0% 

O2 and those stored at 2.5% O2 plus 1.0% CO2, gradually decreased in 

TA.  Fruits stored in air underwent a rapid decrease in TA from 270 

mg to 170 mg/100 ml of juice. The rate of loss in total and some 

individual organic acids has also been reported to be retarded in 

apples (186) and pears (196) during controlled atmosphere storage. 
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Postharvest Physiology, Gold Requirement and Ethylene Biosynthesis 
in D'Anjou Pears 

Some cultivars of pear fruits, particularly the winter types 

(68, 69, 392) have a special cold or chilling requirement before 

ethylene production begins and normal ripening can take place. 

Ripening resistance in immature Bartlett pears can be abolished by 

storage at -4.40C (203).  Fully mature fruits need a short period of 

cold treatment before appreciable amounts of ethylene production 

occurs, which consequently leads to ripening (69, 203, 392). The 

cultivar Passe Crassane requires a period of storage at 40C to 

initiate ripening once transferred to room temperature (141). 

According to Sfakiostakis and Dilley (317), preclimacteric 'Bosc' 

pears held continuously at 20oC produced ethylene at a very low rate 

and resisted ripening for 12 days. However when held at 5 or 10oC 

for 7 days, ethylene production at 20oC begain to increase almost 

immediately resulting in rapid and uniform ripening. The longer the 

pears were held at 50C, up to 6 days, the greater was their ethylene 

production capacity at 230C. 

The ripening capacity of pears after varying the period of cold 

storage can be determined by the production of external ethylene and 

CO2 at 20oC. If the external ethylene production is below measurable 

levels, there will be no climacteric rise in respiration and the 

pears fail to ripen (391). The length of time in low temperature 

storage that Anjou pears require to develop ripening capacity is 

different from season to season. Ripening of Anjou fruits has been 
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reported to occur right at normal picking time, without any chilling 

treatment. After 16 days at 20oC those fruits produced about 11 ml 

C2H4/Kg-hr (391). However this cultivar of pear has been cited to 

require at least 50 days at -1.10C to develop ripening capacity (68, 

72), although sometimes only 30 days (69).  In another study, 

ethylene production on transfer to 20oC was not detectable until 

after 60 days of storage at -1.10C (71). The number of days at - 

1.10C necessary for Anjou pears to produce detectable amounts of 

internal ethylene is different for different growing locations (365). 

The temperature during fruit development might also have an 

effect on chilling requirements of pears.  Bartlett pears undergo 

premature ripening, while still attached on the tree when exposed to 

cool night temperatures (203, 392). Exposure to 180C during the day 

and 80C during nights induced premature ethylene production and 

climacteric rise in respiration in Bartlett pears, whereas 240C day 

and 160C night did produce not effect (392). 

Exposure to low temperature storage thus activates the fruit's 

ability to produce ethylene. Cool temperatures induce the fruits to 

produce ethylene by temperature dependent metabolic reactions (317). 

Ethylene, considered to be a plant hormone, is involved and is 

produced in association with ripening of fruits and senescence of 

plant tissues (2, 61, 236, 286, 298). 

Initiation of ripening activities of climacteric fruits is 

controlled by the threshold level of internal ethylene concentration 

(68, 285, 299, 392). When the internal ethylene reaches 1.5-2.0 ppm. 
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Anjou fruits are capable of ripening normally at 20oC (68). The 

threshold values are different for different pear cultivars, e.g. for 

Bosc it is about 0.2-0.3 ppm which occurs after 10 days of storage at 

-1.10C (69).  The biosynthesis of ethylene in both cultivars was 

induced by low storage temperature (-1.1).  Different pear cultivars 

have different chilling requirements before they ripen (68, 69, 71, 

283, 317, 392). Bosc pears have less chilling requirement need than 

Anjou (69). 

Maturity stage greatly affects the chilling requirement of Anjou 

pears. Premature pears ripen slower than fully mature fruits when 

treated with exogenous ethylene (391).  Late harvested (i.e. late 

maturity) Anjou pears develop the capacity to ripen much earlier than 

fruit harvested at optimum maturity (68). However, winter pears 

harvested at an advanced stage of maturity tend to develop coarser 

texture and have shorter storage life (68, 143). 

The chilling requirement of pears can be overcome by treating 

the fruits with ethylene (203, 389).  Anjou pears, which had not had 

their chilling requirement satisfied, when treated with exogenous 

ethylene attained full ripeness. However, this occurred without a 

concomitant change in respiratory activity (142). 

The concentration of applied ethylene as well as the time 

required to initiate a response is different for respiration and 

ethylene production (391).  Anjou pears of different maturities were 

treated with different concentrations of ethylene.  The first 

response found was the development of sharp peaks in respiration on 
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the first day at 20oC when treated with ethylene concentrations above 

0.5 ppm (391).  Peak heights were in proportion to ethylene and 

decreased with increase in maturity. This early increase in 

respiratory activity in response to applied ethylene was observed 

previously in Anjou pears (142, 389), in apples (285) and in 

cantaloupes (239). Respiration of the fruit at harvest is responsive 

to ethylene concentrations considered below the minimum required for 

later stimulation of the climacteric rise (142, 391). 

Therefore, Anjou pears must be stored at low temperature or be 

treated with ethylene, before they ripen. However, the mechanism of 

low-temperature induction of ripening is still unknown in pears. One 

approach to understand this low temperature-induction of ripening in 

winter pears is via the biosynthesis of ethylene. 

1-Aminocyclopropane-l-carboxylic acid (ACC) is an intermediate 

in ethylene biosynthesis (5, 205). The pathway, Methionine —> SAM 

—>   ACC —> ethylene has been proposed and generally accepted to 

occur in plant tissues (422). The regulation of ethylene biosyn- 

thesis has been studied (421).  The key enzyme in this biosynthetic 

pathway has been indicated to be ACC synthase (36, 421, 424).  In 

tissues producing ethylene at a rapid rate, ACC formation precedes or 

parallels ethylene evolution (13, 44, 155, 425). However during cold 

storage of Bosc and Anjou pears, the increase in ACC content was 

roughly parallel to the increase in internal ethylene (71). ACC 

synthase is rapidly induced in response to various factors (37, 159, 

177, 137). 
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Wang and Adams (387) subjected cucumber fruit to chilling and 

noticed an increased synthesis of ACC. However, the next step in the 

conversion of ACC to C2H4 was inhibited while the chilled cucumbers 

were kept at cold temperature (388), which later increased when there 

was an increase in the temperature. Temperatures below 120C were 

shown to inhibit this conversion in eggplant fruits (1).  In tomatoes 

and apples this sensitivity of ACC conversion to ethylene by low 

temperature was also demonstrated (234). 

The length of time fruits remain in cold storage is suggested to 

affect either the ACC synthase activity and, consequently, formation 

of ACC or the conversion of ACC to ethylene. Pear flesh discs were 

unable to convert exogenous ACC to ethylene after 21 days of cold 

storage, but were able to after 41 days (240).  Endogenous ACC in 

Anjou pears kept at -1.10C was not detected when measured weekly from 

the time of harvest to eight weeks storage (365).  For Bartlett, Bosc 

and Cornice pears, the ACC concentration decreased continuously upon 

transfer to 20oC, and did not parallel ethylene evolution (365). 

In apple fruit tissues, ACC conversion to ethylene has also been 

demonstrated to be temperature sensitive, and the site is believed to 

be cell wall, or membrane bound (124, 199). Any change induced in 

the cell wall or membranes is suggested to affect such conversion. 

Cold, osmotic shock and surface active agents inhibit ACC —>■ C2H4 

conversion, as do temperatures above 290C or below 120C (12). In 

many fruits and vegetables, their conversion seems also to be 

affected by short chain fatty acids, which also affect membrane 



64 

functions (158). When Morning Glory flower rib segments were treated 

with exogenous athylene, an increase in membrane permeability was 

verified (178), which adds support for the hypothesis that breakdown 

of cellular compartmentalization allows mixing of ethylene producing 

components. This likely is the basis for ethylene-induced ethylene 

synthesis (178).  Perhaps there is a release or activation of part of 

the ethylene producing system on the cell wall of membrane (240).  In 

tobacco leaf discs, a fungal cell wall degrading mixture promotes 

formation of ACC and synthesis of ethylene (11). 
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CHAPTER III 

DEVELOPMENT OF PREDICTIVE MODELS FOR THE PHYSIOLOGICAL DISORDERS 

BITTER PIT AND INTERNAL BREAKDOWN ON NEWTOWN APPLES 

BY PREHARVEST FRUIT MINERAL ANALYSIS 

Rui L. Vaz 

Department of Horticulture, Oregon State University, 

Corvallis, Oregon 97331 

Additional index words. Malus domestica, postharvest physiology, 

mineral analysis, physiological disorder, model, fruit nutrition. 

Abstract 

In 1982 and 1983, 20 and 10 orchards respectively in Hood 

River, Oregon, were sampled and analyzed for fruit Ca, N, K, Mg, 

P, B, Mn, Fe, S, Zn, Na, and Se.  The orchards were sampled 

approximately 60, 40, and 20 days before harvest as well as at 

harvest.  Fruits were evaluated for bitter pit at harvest and 10 

months in storage, and for internal breakdown after 10 months in 

storage. 

We have been attempting to predict the occurrence of bitter 

pit and internal breakdown far ahead of harvest by developing 

regression equations, associating the mineral nutrient status of 

the fruits and the occurrence of the physiological disorders. 

Among the variables tested, Ca, fruit Wt, and Wt/Ca ratio ac- 

counted for the most consistent predictive factors.  Calcium con- 

centration and fruit Wt varied from season to season but the shape 
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of the curve was about the same.  Bitter pit occurrence in the 

area has varied from 1% up to 23% every year, and internal break- 

down from 0.5 up to 12%.  Most of the bitter pit incidence 

occurred during fruit storage.  Bitter pit could be predicted 20 

days before commercial harvest with about 70% probability of 

certainty.  It appeared that internal breakdown could be predicted 

from fruit sampled 60 days before harvest. 
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Introduction 

Bitter pit (BP) is a physiological disorder of apples which 

disfigures the fruit surface destroying its market value.  The 

quality conscious market demands that apples have a BP incidence 

well below 5% (9). Losses from 1 up to 40% have been reported due 

to this disorder (8,15,47).  It is not a new disorder, and was 

first identified in 1869 (16).  It has become of increasing con- 

cern because several modern orchard management practices tend to 

favor its occurrence. 

Internal breakdown (IB) is also a physiological disorder 

responsible for considerable postharvest losses (38,47).  Both 

disorders have been associated with nutritional levels of P, K, 

Ca, and Mg (5,11,14,35,46).  Ca occupies a prominent position in 

fruit nutrition, and the effects of other elements in these dis- 

orders is often through their interaction with Ca (4).  It has 

been established that the occurrence of BP (1,13,14,44) and IB 

(3,5,30,38,39,47) in apples is associated with a localized Ca 

deficiency.  Because of the well-known nutrition relationships to 

BP and IB, fruit analysis constitutes an integral part of BP and 

IB research (5,11,24,30,35,46).  The purpose of fruit analysis is 

to find concentration norms for ensuring BP and IB free apples. 

Leaf and fruit samples (5,7,9,10,41) have been used in attempts to 

find the best correlations of mineral elements to these disorders. 

Fruit analysis has been much more useful than leaf analysis in 

evaluating storage disorders (5,9,40,47). IB has been negatively 

correlated with Ca (20,30,39,47) and positively correlated to K 
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and Mg (39).  BP has been negatively correlated with Ca 

(5,7,15,41,47). 

Bitter pit can be detected at harvest but greater incidence 

becomes evident during storage.  Based on the correlations between 

IB, BP and nutritional elements, attempts have been made to de- 

velop a predictive model for these disorders (5,9,14,20,47) during 

storage.  There are different approaches to BP predictions.  These 

include leaf and fruit Ca analyses and rapid induction of BP in 

fruit after harvest by the method of Ginsburg and Bangerth as used 

by Eksteen (9). However, limitations exist and IB cannot be 

detected by the latter method.  Some predictive models have dealt 

with a very small sample from each orchard and concentrated mainly 

in the last 15 days prior to harvest time, which does not leave 

sufficient time to cope with the problem other than to help iden- 

tify susceptible lots of fruit.  Incidences of these disorders 

vary with the fruit cultivar, growing location and growing season, 

and thus may require varying models.  So a relatively simple 

method is needed for estimating seasonal BP and IB potential, 

enabling producers and packers to plan their market strategies. 

Knowledge of which orchards are likely to develop IB and BP and to 

what extent can help packing houses program short, medium, or long 

term storage of fruit, as well as estimate the fruit's quality at 

the end of a given storage period.  If the relative incidence of 

disorders could be predicted well before harvest, it could reduce 

the rush in fruit sampling and analysis and would permit time for 
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corrective treatments such as orchard sprays or postharvest dips 

to be applied. 

Therefore, the main objective of the work is to provide a way 

of predicting IB and BP based on preharvest fruit mineral analysis 

for Newtown apples grown in the Hood River area of Oregon. 
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Materials and Methods 

Twenty commercial Newtown apple orchards in the Hood River 

area of Oregon were sampled in 1982 and 10 in 1983.  Ten typical 

fruits per tree were randomly sampled from the periphery of each 

of three trees per orchard on July 19, August 10, 29, and 

September 19, the commercial maturity in 1982 and July 20, August 

10, August 29, and September 19, in the 1983 season. 

On the final harvest date 1 box of fruits (Ca 100 fruits) 

were picked from each tree.  Fruits were treated with Benlate and 

diphenylamine and stored in 20 Kg cardboard boxes with perforated 

polyliners at 10C and 96% RH for 8 to 10 months. 

Mineral analysis 

All harvested samples during fruit development were sealed in 

plastic bags (31,49) and placed in cold storage until analyzed. 

All fruits were weighed, washed with distilled water and allowed 

to air dry on paper towels (28,34) just before cutting sections 

for analysis. Pairs of opposite quarters were cut longitudinally 

(27,28,33,34) from 6 fruits per sample and composited.  Seeds and 

stems were removed to prevent errors in analytical results 

(28,33,52).  Samples of 18 fruit slices were weighed and blended 

with an equal amount of deionized water in a blender for 2 min. 

The mixture was further homogenized for 1 min to make a fine 

suspension (26,27,31,32,34) which is referred to as the fruit 

water suspension. 

In 1982 calcium was extracted by the method suggested by 

Perring (32) with minor modifications:  ten ml of fruit water 
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suspension was transferred into a 50 ml Erlenmeyer flask and 10 ml 

concentrated HC1 (37.8% A.R.) added.  The suspension was boiled 

for 20 min on a hot plate with a small funnel placed in the neck 

of the flask to prevent drying.  The cooled digested contents were 

then filtered through Whatman 41 paper.  The filtrate was diluted 

to 100 ml with deionized water and strontium chloride was added to 

reduce interferences to a final concentration of 3% SrCl_ to all 

extracts.  Calcium was determined by Atomic Absorption spectro- 

photometry (Perkin Elmer, Model 303) at 212 nm. 

1983 samples were prepared as in 1982 up to the final diges- 

tion with HC1.  Thereafter some modifications were introduced. 

The digested contents were filtered and 4.5 ml of the solution 

taken for analysis, Ca, P, K, Mg, Mn, B, Zn, Fe, Na, S, and Se 

were determined by an Inductively Coupled Argon Plasma Spectro- 

meter (Jarrell Ash ICAP 9000). 

Five ml of the fruit water suspension were dried at 70°C. 

Digestion and automated N determinations were made with a 

Technicon-autoanalyzer. 

Bitter pit and internal breakdown rating 

The incidence of BP was evaluated at harvest and after 10 and 

8 months in 1982 and 1983 respectively.  After storage all the 

fruits were peeled and the internal BP determined.  For total 

incidence of BP, harvest BP was added to storage BP. 

The incidence of IB was determined at the end of storage on 

peeled fruits. 
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Simple linear correlations between the incidence of BP and IB 

and mineral concentrations of fruits were calculated on the Cyber 

computer, using the SIPS program.  Multiple correlations and the 

simple linear correlations were used to select the variables which 

were most closely correlated with the incidence of harvest, stor- 

age, and total BP as well as the incidence of IB. 
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Results 

Scatter diagrams (not shown) relating mineral elements with 

the physiological disorders BP and IB in apple fruits were essen- 

tially linear and therefore only linear correlations were 

calculated. 

Bitter pit 

There was a marked difference in fruit Ca concentration from 

samples of 1982 and 1983 (Fig. 3.1).  The higher the fruit Ca the 

lower the incidence of bitter pit.  Fruits of 1982 season were 

higher in Ca and had lower incidence of the disorder.  The average 

fruit Ca concentration at the time of fruit harvesting was from 

1.9 to 3.6 and from 0.15 to 2.6 mg/100 g of fresh weight in 1982 

and 1983 respectively. The incidence of total bitter pit in both 

years ranged from 2.0 to 12.9% and from 2.0 to 22.5% respectively. 

However the distribution of the data points follow the same pat- 

tern in both years. 

Simple linear correlation coefficients (r-values) of mineral 

elements in relation to bitter pit of Newtown apple fruits are 

shown in Tables 3.1, 3.2A, and 3.2B.  These tables are the results 

of seasonal fruit mineral analysis of all orchards sampled in 1982 

and 1983.  BP incidence was negatively correlated with Ca at 

harvest, after 8 months in storage and with total BP in both 

years.  These correlations were highly significant in both years 

for most of the sampling dates.  The correlations between Ca and 

the incidence of BP increases and becomes more significant, as the 

sampling date approaches final harvest date for 1983.  The highest 
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correlation (r = -.83) was found for the September 6 sampling date 

for 1982 (Table 3.1).  The incidence of BP during storage was 

higher than at harvest.  The best correlations were obtained when 

plotting total bitter pit with fruit Ca levels in 1983 (Table 

3.2A). 

The incidence of BP after storage was negatively correlated 

with N in 1982 but positively correlated in 1983.  This correla- 

tion was not significant at harvest in 1982 nor for the sampling 

dates in relation to after storage BP in 1983.  Generally the 

correlations with N decrease as sampling approaches final harvest 

in both years. 

Phosphorus was negatively correlated with BP and highly sig- 

nificant except in July 20, 1983 for harvest BP and in August 10, 

1983 for storage BP when there was a nonsignificant correlation. 

The correlation coefficients increased as sampling approached 

August 29, and decreased thereafter.  The highest correlation 

values are obtained with the disorders after storage. 

Potassium was positively and highly significantly correlated 

to BP for the July 20, August 29, and September 19 fruit sam- 

plings .  These correlations were slightly stronger when sampled at 

60 days before harvest, decreasing thereafter toward the 3rd 

sampling date but again then increased even more at final harvest 

time.  The strongest K relationship occurred with total BP. 

Several other elements; Mg, Mn, Fe, Se, S, Zn, and Na; showed 

some correlation to BP, but typically only on the late August 



75 

and/or early September sampling date and these did not exhibit any 

consistency. 

BP was positively correlated with N/Ca ratios in 1982 and 

1983 (Tables 3.1 and 3.2B).  In both years the strongest correla- 

tions were obtained approximately 20 days before harvest, where it 

was highly significantly related to the disorder except with 

storage BP.  The correlation values increased as sampling 

approached the 3rd sampling date. 

The P/Ca ratios (Table 3.2B) correlated positively and highly 

significantly with BP mainly at the August 29, 1983 and September 

19, 1983 sampling dates, and was strongest at 20 days before 

harvest, August 29.  The ratio showed increased r-values as com- 

pared with P alone, but lower values as compared to Ca, thus Ca 

was still the dominant factor. 

The ratio K/Ca was also positively correlated to BP.  For 

some sampling dates the ratio improved the r-values as compared to 

K or Ca individually, whereas for other dates there was no advan- 

tage of the K/Ca ratio.  The same was true for Mg/Ca ratios.  To 

conjugate some of the beneficial effects of K/Ca and Mg/Ca ratios, 

a (K + Mg)/Ca ratio was calculated.  There was a positive correla- 

tion expressed sometimes by a highly significant relationship with 

BP for the 4 sampling dates.  BP correlated negatively with Ca/(K 

+ Mg).  The use of these ratios raised the significant relation of 

K and Mg.  The strongest correlation was for the September 19 

sampling date. 
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Fruits sampled in 1983 were larger than those of 1982 (Fig. 

3.2), ranging from 143 to 235 g in 1982 and from 160 to 278 g in 

1983.  The greatest incidence of total bitter pit was in the 

larger fruits. 

Fruit weight always correlated positively and highly signifi- 

cantly with BP in both years.  The correlation was the strongest 

for the fruit sampling approximately 20 days before harvest in 

1982 and 1983.  Since fruit weight was demonstrated to be strongly 

correlated to BP, as was Ca, the ratio Wt/Ca was calculated.  A 

positive relationship existed between Wt/Ca with BP in both years. 

These correlations were always highly significant.  The strongest 

values were obtained from fruit sampling 20 days before harvest in 

1982 and 1983. 

Multiple correlation between bitter pit and mineral elements 

Results of multiple linear correlations of mineral elements 

in relation to BP of Newtown apple fruits are expressed in coef- 

2 
ficient of determinations (r values), as shown in tables 3.3 and 

3.4. 

Multiple linear correlations between mineral elements and the 

incidence of BP at harvest, BP after 8 or 10 months in storage and 

total BP show (Tables 3 and 4) that Ca and fruit weight are the 

most closely related variables to the incidence of this physio- 

logical disorder.  The equation that best fits the model for 

prediction of harvest BP: 

BP at harvest = 2.1253 - 1.4273 Ca + 0.0218 Wt 



77 

can be used for predictions of BP at the time of commercial har- 

vest by knowing the fruit Ca levels and fruit weight 20 days 

before harvest which together explains 77% of the variation in the 

incidence of BP. 

The fitted equation to predict storage BP was obtained with 

fruit samplings at either 20 or 40 days before commercial fruit 

harvest.  However for the total incidence of BP, sampling fruits 

20 days before harvest provided the best fitted equation: 

Total BP = 1.2084 - 3.1682 Ca + 0.0822 Wt 

Where Ca and fruit weight accounted for 71% of the variation in 

total BP incidence. 

Multiple linear regressions between BP and mineral elements 

in 1983, shows that Ca and fruit weight are again the most closely 

correlated variables to the incidence of BP. 

Based on the coefficients of determination, harvest BP could 

be predicted by knowing fruit levels of K, N, and Ca and the ratio 

fruit Wt/Ca as early as 60 days before harvest (mid-July).  These 

parameters accounted for 66% of the variation in BP incidence. 

The coefficient of determination (R2 = .74) indicated that by 

knowing fruit wt and fruit Ca concentration 20 days before harvest 

the incidence of BP after 8 months in storage can be predicted 

fairly well. 

Most of the BP develops during fruit storage, the incidence 

at the end of storage is far greater than at harvest time.  Equal 

coefficients of determination on August 29 and July 20, indicates 
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the possible use of either one of these equations to predict total 

BP if their corresponding parameters are known. 

Internal breakdown 

In 1982 the incidence of IB in Newtown apples ranged from 0.2 

to 6.5% while in 1983 the fruits had a considerably larger inci- 

dence, ranging from 3.0 to 11.0% (Fig. 3.3).  The higher the fruit 

Ca content, the lower the incidence of IB. 

Simple linear correlations between mineral elements and IB 

are shown in Tables 3.5A and 3.5B.  Ca always correlated negative- 

ly and significantly with IB.  For modelling purposes, the 1st 

sampling date represented by the highly significant correlation in 

1982 demonstrated considerable potential.  In 1983 highly signifi- 

cant correlations were also found.  The correlation coefficient 

value (r = -.82) for the August 29 sampling expresses the highly 

significant relationship between IB disorder and Ca and the poten- 

tial for the development of a predictive model.  In 1983 as the 

sampling dates approached final harvest, there was an increase in 

the correlation values. 

Nitrogen did not always correlate significantly with IB dis- 

order, since only for the last sampling in 1983 was there a 

positive and highly significant relationship. 

Phosphorus correlated negatively and highly significantly 

with IB with increased r-values up to the 3rd sampling but de- 

creased thereafter.  K related positively and highly significantly 

with IB, especially 20 days before harvest. Mg only correlated 
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with this disorder 40 and 20 days before harvest.  These 

correlations were highly significant. 

Several other elements, Mn, Fe, S, B, Zn, Na, and Se showed 

some correlations to IB, but typically only for the late August 

and early September sampling date and were not consistent. 

Fruit weight always correlated positively and highly signifi- 

cantly with IB in both years.  With the exception of the first 

sampling date in 1982 and 1983, the correlation coefficient in- 

creases as sampling approached final sampling date.  The ratio 

Wt/Ca expressed also a positive and highly significant correlation 

with the incidence of IB in Newtown apple fruits for both seasons. 

The use of N/Ca ratio improved the statistical significance 

of the correlation between IB and N alone, although in 1982 the 

positive significance of N/Ca was not consistent throughout all 

sampling periods.  However, for the 1983 season, N/Ca for all 

sampling dates exhibited positive correlations with the disorder. 

P/Ca and Mg/Ca ratios related positively and highly significantly 

with IB for the last two sampling dates.  The ratio K/Ca improved 

the inconsistent significance of the correlation of K alone in 

relation to IB.  The positive and highly significant correlation 

values increased up to August 29, but decreased thereafter.  Uti- 

lizing a Ca/(K + Mg) ratio, a negative and highly significant 

correlation existed, whose r-values increased throughout the 

sampling dates towards September 19. 
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Multiple correlation between IB and mineral elements 

Multiple linear regressions between IB and mineral elements 

in 1982 and 1983, show that Ca and fruit weight were also the most 

closely related variables to the incidence of this storage dis- 

order (Table 3.6).  The high coefficients of determination r = .82 

and r = .85 indicates the possibility of using fruit samples from 

9/06 and 7/19 to predict the occurrence of IB by using the corre- 

sponding formulas for the season of 1983.  In 1982 despite the 

o 
fact that the r values were lower, still IB could be predicted by 

fruit sampling as early as July 19. 

Testing the model 

To test the model, fruit samples taken 20 days before harvest 

in 1982 were entered in the model and the predicted BP at harvest 

as well as the total BP was compared with the actual harvest BP 

and total BP for the same season (Table 3.7).  The correlation 

coefficient between actual and predicted BP was r = .84 and r = 

.85, respectively. 

Harvest and total BP were also checked (Table 3.8) against 

the actual values by entering the data of 1983.  However, fruit 

sampled from 60 days before harvest was used.  The correlation 

coefficient between actual and predicted BP was r = .81 and r = 

.85, respectively.  However a more accurate comparative test was 

carried out, by comparing the model of 1982 (Tables 3.3 and 3.9): 

Total BP = 1.2084 - 3.1682 Ca + 0.0822 Wt 

with the model of 1983 (Tables 4 and 9): 

Total BP = -7.3179 + 0.0756 Wt + 0.0177 Wt/Ca 
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For both years fruit sampled August 29 and September 6 (third 

sampling) were used.  Both equations had comparable coefficients 

of determination r^ = .71 and r^ = .73, respectively. 

The best equation of 1983 was that generated with data 60 

days before harvest.  However since this equation also involved K 

and Mg values, which were not analyzed in 1982, it could thus not 

be compared for both seasons. 

Therefore fruit Ca and fruit wt data of 1982 were entered in 

the equation of 1983 and the predicted total BP in 1982 compared 

with the actual total BP in the same season and vice-versa for the 

data of 1983.  The values r = 0.62 and r2 = 0.65 for 1982 and 

1983 respectively were obtained.  The results from Table 3.9 and 

Figs. 3.4 and 3.5, clearly demonstrate that using either the model 

of 1982 or 1983 an accuracy over 70% is obtained in the prediction 

values of the incidence of BP. 

The models for prediction of IB based on 1982 and 1983 could 

not be compared since the 1983 equation involved parameters which 

were not analyzed in 1982 (Table 3.6). 
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Discussion 

Simple linear regressions of BP and IB in relation to fruit 

Ca concentration at all four sampling dates in both years were all 

significant and negatively correlated.  The significance and con- 

sistency of the Ca relationship with BP and IB as compared with 

other mineral elements implies that Ca deficiency in the fruit is 

the major factor in the incidence of BP at harvest and after 

storage as well as IB in Newtown apples.  The higher the fruit Ca 

the lower the incidence of BP and IB, as reported before 

(7,10,12,20,30,39,40).  Seasonal fruit Ca analysis suggests also 

that the relation between Ca concentration during growth and 

harvest BP incidence and BP and IB after storage can be used as a 

component to develop a predictive model. These results agree with 

previous reports (1,13,14,30,39,44,47).  Our results showed that N 

may also be related to the occurrence of these disorders in apple 

fruits, but the results are not consistent between years and 

sampling dates. However, when the ratio N/Ca was computed the 

fluctuations were reduced and more significat correlations were 

obtained than for N alone, thus reflecting a degree of balance 

between Ca and N.  The effect of N on these disorders is mainly 

indirectly through the interaction of fruit size and Ca and may 

also relate to the vegetative competition component.  Our results 

agree with previous reports on apples (13,18,43) and pears 

(36,37).  A high incidence of BP has been associated with high 

fruit N (13,18,25,36) and low fruit Ca (7,10,22,40,56). 
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Samples with decreasing levels of fruit P developed more BP 

and IB, with significant correlations at p < .05 and p < .01. 

Our findings agree with other results (4,17,23), which showed 

highly significant negative correlations between BP in apples and 

P, but contrast with some reports showing a positive correlation 

between BP and P (5,42).  The possible link between low fruit P 

and predisposition to IB during storage has also been reported 

(5,29,48).  Since P is negatively correlated with BP and IB its 

concentration should be kept at high levels in the fruits.  The 

ratio P/Ca is less correlated with BP and IB than Ca or P alone, 

suggesting non-interaction between these 2 elements. 

The positive and significant correlation between K and BP and 

IB suggests that high fruit K may develop higher incidence of 

these fruit disorders.  The K effect may be through an antagonis- 

tic interaction for Ca uptake by the roots, as suggested previous- 

ly (5,11,23,46). A high K/Ca ratio in the fruit seems to favor 

the development of BP and IB (4,6,12).  Depending on the sampling 

date, this K/Ca ratio correlates better with disorders than K or 

Ca alone.  This also reflects the antagonism hypothesis.  Although 

Mg was less significantly related with BP and IB for the August 29 

and September 19 sampling dates than some other nutrients, it does 

positively correlate to these disorders. Fruit with higher Mg 

concentration is more likely to develop BP and IB than those with 

medium to low Mg concentration.  Evidence for (11,19,55) and 

against (53,54) involvement of Mg in BP and IB of apples has been 

reported.  The ratio Mg/Ca improved the correlation with the 
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disorders, demonstrating a possible interaction of the antagonis- 

tic kind between Mg and Ca in the fruit as well as in the whole 

tree. 

IB and BP were also correlated with (K + Mg)/Ca ratios. 

Apple fruits with higher levels of Mg and K and lower levels 

of Ca are most likely to develop disorders. 

It has been suggested (2) that Mg and K are the main ions 

that antagonize the function of Ca in bitter pit development, 

perhaps because their concentration is high enough to compete with 

Ca in the fruit but not in the leaf.  It was also suggested that K 

and Mg may occupy some nonspecific Ca attachment site and thus 

antagonize the function of Ca in the membrane.  The most serious 

effect on Ca is caused by Mg.  Large portions of Ca in the mem- 

brane are exchanged by Mg, K, or H ; and this increases the per-? 

meability and fragility of the membranes (1,2).  Calcium defi- 

ciency is relative and conditioned by the concentration of Mg, K, 

and N.  The relative Ca deficiency may precondition the replace- 

ment of Ca in the membrane by Mg, K, and H (1). 

The always positive and highly significant correlations be- 

tween fruit size and IB and BP demonstrate that large size fruits 

are most likely to develop BP and IB than smaller fruits.  Related 

factors include a dilution effect and/or preferential Ca movement 

to new meristematic tissues which could deprive the fruits of Ca, 

or alter the balance of this nutrient with others.  Since Ca 

concentration in the fruit is mainly dependent on fruit size, 

larger apples having lower concentration of Ca agrees with other 
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reports (10,50,51). Wilkinson and Perring (51) suggested that the 

final level of Ca in the fruit is probably determined early in 

fruit development, this is basically substantiated by the present 

models. 

Since the introduced ratio Ca/Wt (or Wt/Ca) was always highly 

significant and strongly correlated with IB and BP and was demon- 

strated to be more significantly correlated than either Wt or Ca 

alone for most sampling dates, this indicates the interdependence 

of fruit Ca and fruit weight. 

The present data shows that a correct balance of macro and 

micronutrients in the fruit is very important to ensure freedom 

from BP at harvest and IB and BP during storage of apples.  To 

develop a predictive model, the main emphasis was to find vari- 

ables most closely correlated with disorders substantially before 

harvest.  Multiple regression analyses of fruit Ca and fresh wt 

were revealed to be the most directly correlated parameters in 

1982, with the best association at the September 6 sampling date, 

20 days before final harvest, for harvest BP.  The same variables 

and sample times were also found to be the most highly correlated 

with total BP in 1983. 

One can develop prediction of harvest, storage and total BP 

by using any equation from any of the sampling dates.  If total BP 

is considered, a result of adding both harvest + storage BP 

together, better accuracy is obtained with the prediction. 

Therefore the best equation for 1982 was: 

Total BP = 1.2084 - 3.1682 Ca + 0.0822 Wt. 
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and for 1983 season: 

Total BP = 7.3179 + 0.0756 Wt. + 0.0177 Wt./Ca 

Based on these two equations for 1982 and 1983, the total inci- 

dence of BP in each year could be predicted with more than 70% 

accuracy 20 days before the commercial harvest.  However, even at 

60 days before harvest (July 19) it was possible to predict total 

BP with the same accuracy, once fruit wt., and the ratio Ca/(K + 

Mg) and Ca/Wt. are also used. 

Internal breakdown can also be predicted from fruit samplings 

60 days before harvest, with good accuracy (Table 3.6) with the 

formula: 

IB = -5.9475 + 0.1371 Wt. + 1.0211 Mg/Ca - 0.0582 Wt./Ca 

To know the potential for IB and BP incidence far before 

harvest is of considerable importance, because it allows enough 

time for corrective preharvest treatments, i.e., CaCl_ spray ap- 

plications (3,9); summer pruning (45) or other cultural manipula- 

tions.  To be able to sample in July would also eliminate the rush 

of sampling and analyses if fruit samples for analysis are taken 

late as in September, just 20 days prior to commencement of 

commercial harvesting. 

Results for the 1982 and 1983 seasons indicate that relative- 

ly reliable predictions can be made for expected bitter pit and 

internal breakdown potential for Newtown apples either 20 or 60 

days prior to the commencement of harvesting, at least for the 

conditions of the Hood River area of Oregon. Further work is 

still required to study the correlation between the predicted 
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values and BP and IB potential during different seasons and loca- 

tions so that a more generalized model can be generated. 
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Figure 3.1 

Relationship fruit Ca and total bitter pit in Yellow 
Newtown apples at combined sampling date September 27, 
1982 and September 19, 1983. 
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Figure 3.2 

Relationship fruit wt and total bitter pit in Newtown 
apples at combined sampling date September 27, 1982 and 
September 19, 1983. 
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Figure 3.3 

Relationship fruit Ca and internal breakdown in Yellow 
Newtown apples after 10 mo storage.  Combined data of 
1982 and 1983. 
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Table 3.3. Multiple linear correlation (r -values) between the incidence of harvest, storage, 
and total bitter pit and fruit weight and mineral levels of Newtown apple fruit 
during development and at harvest. 

Sampling Date . Dependent 
Survey, 1982 Variable 

07/19 Bitter Pit 
08/13 at 
09/06 Harvest 
09/27 ti 

07/19 Bitter Pit 
08/13 After 10 
09/06 Months in 
09/27 Storage 

07/19 Bitter Pit 
08/13 Total 
09/06 Incidence 
09/27 it 

Independent Variables r value 

0.2979 + 0.1532 Wt/Ca 
0.4991 - 0.6997 Ca + 0.0351 Wt 
2.1253 - 1.A273 Ca + 0.0218 Wt 
5.016 - 1.3172 Ca 

13.489 - 0.8638 Ca - 0.0907 N 
0.3915 - 0.1495 N + 0.1146 Wt 
-0.7367 - 1.7685 Ca + 0.0596 Wt 
17.059 - 2.478 Ca - 0.1316 N 

5.3524 - 0.1210 N + 0.1391 Wt 
-0.9980 - 2.0376 Ca + 0.1353 Wt 
1.2084 - 3.1682 Ca + 0.0822 Wt 
31.111 - 6.161 Ca - 0.471 N/Ca 

.31** 

.29** 

.77** 

.47** 

.43** 

.56** 

.57** 

.55** 

.38** 

.42** 

.71** 

.58** 

** = Significant at the 1% level. 



Table 3.4.  Best multiple linear correlation (r -values) between the incidence of harvest, 
storage and total bitter pit and fruit weight and mineral contents of Newtown apple fruit 
during development and at harvest. 

Sampling Date Dependent 
Survey, 1983 Variable 

07/20 Bitter Pit 
08/10 at 
08/29 Harvest 
08/19 II 

07/20 Bitter Pit 
08/10 After 8 
08/29 Months in 
08/19 Storage 

07/20 Bitter Pit 
08/10 Total 
08/29 Incidence 
08/19 " 

Independent Variables r value 

-9.3804 + 0.039 K + 0.1082 N + 0.0325 Wt/Ca 
-7.4437 + 0.1798 N - 70.611 Ca/Wt 
4.1483 - 1.730 Ca 
-0.2001 + 0.0459 K - 39.168 Ca/(K + Mg) 

-15.0366 + 0.2416 Wt + 0.2239 K/Ca - 0.1775 Wt/Ca 
2.5925 + 7.0706 Ca + 7.8691 Fe - 719.113 Ca/Wt 
-6.709 + 0.0638 Wt + 0.01546 Wt/Ca 
-6.6376 + 0.2726 K - 2.4224 Ca 

.66** 

.60** 

.52** 

.65** 

.65** 

.69** 

.74** 

.86** 

-18.652 + .3658 Wt - 818.88 Ca/(K + Mg) + 559.892 Ca/Wt .73** 
4.730 + 7.5866 Ca + 8.5875 Fe - 811.578 Ca/Wt .67** 
-7.3179 + 0.0756 Wt + 0.0177 Wt/Ca .73** 
-23.884 + .3795 K - 5.2654 Ca + 0.0459 Wt + 290.646 Ca/(K + Mg) .92** 

** = Significant at the 1% level. 

00 



Table 3.5A.  Linear correlations (r-values) between incidence of internal breakdown on Newtown apples 
and fruit mineral content during development and at harvest. 

Sampling 
Date Ca N P K Mg Mn Fe S B Zn Na Se 

Survey 1982 
07/19 -.70** -.27NS 
08/13 -.34* -.12NS 
09/06 -.52** -.13NS 
09/27 -.85** -.12NS 

Survey 1983 
07/20 -.52** .30NS -.47** .44* .06NS -.26NS -.46* .37* -.42* -.34* .19NS -.18NS 
08/10 -.65** .23NS -.64** .19NS .12NS -.46* .23NS -.07NS -.20NS -.22NS .01NS -.23NS 
08/29 -.82** .31NS -.75** .76** .55** -.24NS -.HNS .19NS -.72** -.19NS .40* -.43* 
09/19 -.88** .53** -.46* .54** .83** -.57** -.17NS .41* -.58** .25NS .76** .38* 

** significant at 1% level; 
df = 28). 

* = significant at 5% level; and NS = non-significant; (1982 df = 34, 1983 



Table 3.5B. Linear correlations (r-values) between incidence of internal breakdown 
on Newtown apples and fruit weight and ratios of various fruit mineral 
contents during development and at harvest. 

Sampling Ca/ 
Date Wt Wt/Ca N/Ca P/Ca K/Ca Mg/Ca (K + Mg) 

Survey 1982 
07/19 .77** .79** .53** 
08/13 .66** .67** .25NS 
09/06 .71** .65** .36* 
09/27 .72** .82** .65** 

Survey 1983 
07/20 .87** .59** .45* .14NS .56** .52** -.65** 
08/10 .84** .80** .74** .37* .62** -0.1NS -.56** 
08/29 .85** .79** .78** .70** .80** .78** -.82** 
09/19 .91** .68** .66** .68** .62** .67** -.85** 

** = significant at 1% level; * = significant at 5% level; and NS = non-significant; 
(1982 df = 34, 1983 df = 28). 

o 
o 



Table 3.6.  Best multiple linear correlation (r -values) between the incidence of internal 
breakdown after 8 and 10 months in storage in 1982 and 1983 respectively, and the 
fruit weight and ratios of mineral contents of Newtown apple fruit during development 
and at harvest. 

Sampling Date 
Dependent 
Variable Independent Variables 

Survey, 1983 
07/19 
08/13 
09/06 
09/27 

Internal    = -5.9475 + 0.1371 Wt + 1.0211 Mg/Ca - 0.0582 Wt/Ca .82** 
Breakdown   = 2.1083 - 0.1711 P + 0.0511 Wt .76** 

= -7.2492 + 0.072 Wt + 0.0721 K/Ca - 0.0282 Wt/Ca .85** 
= 1.3263 + 0.03379 Wt + 0.0058 K/Ca - 98.0875 Ca/(K + Mg) .75** 

Survey, 1982 
07/19 
08/13 
09/06 
09/27 

Internal    = 0.1605 + 0.3349 Wt/Ca 
Breakdown   = -4.3161 + 0.0494 Wt + 0.0889 Wt/Ca 

= -7.2149 + 0.0657 Wt 
= 10.7708 - 2.5520 Ca 

.63** 

.52** 

.50** 

.73** 

** = Significant at 1% level. 



Table 3.7.  Percent of the incidence of harvest and total bitter pit actual and predicted in 
Newtown apples from sampling in September 06 (20 days before harvest) 1982, to measure 
the goodness of fitting with the corresponding linear equation.  All values in table 
are percents. Thirteen orchards were compared. 

BP at Harvest BP at Harvest + BP After 8 Mo. 

Variation Variation 
From Predicted From Predicted 

Actual Predicted Actual BP Accuracy Actual Predicted Actual BP Accuracy 

3.5 3.3 -5.7 94.2 12.9 10.4 -19.4 80.6 
2.8 3.0 +6.7 93.3 8.1 9.9 +18.2 81.8 
1.9 1.6 -15.8 84.2 4.2 5.8 +27.6 72.4 
1.7 1.6 -5.9 94.1 5.8 6.5 +10.8 89.2 
2.6 2.4 -7.7 92.3 6.8 6.4 -5.9 94.1 
2.6 2.3 -11.5 88.5 8.4 8.8 +4.6 95.4 
1.4 1.5 +6.7 93.3 3.2 3.8 +15.8 84.2 
1.8 1.7 -5.6 94.4 2.0 2.6 +23.1 76.9 
1.9 1.1 -42.1 57.9 3.7 4.1 +9.8 90.2 
0.8 0.89 +10.1 89.9 5.5 4.6 -16.4 83.6 
1.0 1.2 +16.7 83.3 4.0 4.9 +18.4 81.6 
1.2 1.5 +20.0 80.0 .7 0.3 -57.2 42.8 
0.8 0.93 +14.0 86.0 

87.0 
4.2 5.1 +17.7 82.3 

81.1 

o 
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Table 3.9. Incidence (percent) of total bitter pit predicted in Newtown apples from 11 orchards with 
fruit sampled 20 days before commercial harvest, calculated from 1982 and 1983 equations, 
values in table are percents. 

All 

Augus t 29, 1983 September 6, 1982 

Predicted Total Variation Predii cted Total Variation 
Actual Total BP in 1983 From Predicted Actual Total BP in 1983 From Predicted 
BP in 1983 Model 1982 Actual BP Accuracy BP in 1982 Model 1983 Actual BP Accuracy 

20.0 20.0 0 100 12.9 8.6 _ 33.3 66.7 
19.7 18.3 - 7.2 92.8 8.1 7.9 - 2.5 97.5 
12.1 10.5 - 13.2 86.8 4.2 5.8 + 27.6 72.4 
14.0 16.1 + 13.0 87.0 6.3 7.6 + 17.1 82.9 
15.8 11.5 - 27.2 72.8 5.8 6.8 + 14.7 85.3 
9.0 12.0 + 25.0 75.0 6.1 3.9 - 36.1 63.9 
10.4 12.5 + 16.8 83.2 7.2 5.8 - 19.5 80.5 
7.8 11.8 + 33.9 66.1 3.4 5.3 + 35.8 64.2 
5.4 7.8 + 30.8 69.2 4.7 4.8 + 2.0 98.0 
2.8 7.5 + 62.7 37.3 2.1 3.2 + 3.4 65.6 
2.0 6.6 + 69.7 30.3 

72.7 
1.1 2.8 + 60.7 39.3 

74.2 

o 
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Abstract 

In 1982 and 1983, 15 and 10 orchards respectively in Hood 

River, Oregon, were sampled and analyzed for 11 mineral nutrients 

in the fruits.  We have been attempting to predict the occurrence 

of cork spot in d^Anjou pear before harvest, so that alternative 

methods could be applied to overcome the losses generated by such 

physiological disorders. The orchards were sampled approximately 

40 and 20 days before harvest as well as at harvest, when the 

fruits were evaluated for cork spot, and again at the end of 8 

months storage. 

A model has been developed using regression equations, which 

associated the mineral nutrient status of the fruits, the occur- 

rence of cork spot and best sampling time. Among the elements 

tested, Ca, wt/Ca, and N/Ca ratio accounted for the most consist 

ent predictive parameters.  Cork spot could be predicted from 
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fruit samples 40 days before harvest with about 70% probability of 

certainty. 
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Introduction 

Cork spot (CS) is a physiological disorder of pear fruit 

similar to bitter pit in apples.  It is characterized by sub- 

epidermal darkened lesions which become increasingly apparent and 

enlarge in storage.  D'Anjou pear is quite susceptible to this 

disorder, and postharvest losses have ranged from 1 up to 60% 

(1,30,31,35,48).  Nutritional imbalance between Ca and other ele- 

ments are major causes of many physiological disorders of fruits 

and vegetables.  Cork spot in pears and bitter pit in apples have 

been associated with nutritional levels of P, K, Ca, N, and Mg 

(1,3,9,21,32,44,46,54).  Calcium seems to occupy a central posi- 

tion in fruit nutrition, and the effect of the other elements in 

relation to these disorders is often through their interactions 

with Ca (6).  The relationship between fruit Ca content and the 

physiological disorders known as bitter pit in apple (3,9,44,46) 

and cork spot in pear (1,21,30,31,35,48,54) has been well docu- 

mented.  High levels of N have been reported to aggravate apple 

(9,20,43) and pear (1,32,35,36) fruit Ca deficiency symptoms. 

High Mg has also been asociated with increased bitter pit in 

apples (2,5,17) and cork spot in d'Anjou pear (21,54).  High K has 

been related to greater incidence of bitter pit in apples 

(9,44,47) and cork spot in pears (21,54).  Phosphorus has been 

correlated both positively (9) and negatively (19,32) with bitter 

pit in apples and cork spot in pears.  It has been reported that 

the occurrence of bitter pit in apple is related to the fruit 
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size, the larger fruit being affected more than smaller fruit 

(10,16). 

Several workers (1,10,28,35,46,53) have suggested threshold 

levels of Ca above which little or no pit can be expected to 

develop, and below which the fruit is likely to be increasingly 

susceptible to the disorders. 

The use of fruit Ca and N/Ca ratios have been suggested as a 

predictive assay for the occurrence of cork spot in d'Anjou pears 

(35). 

A need exists for producers and packers to be able to esti- 

mate their seasonal cork spot potential, enabling them to plan 

their market pattern. Knowledge regarding which orchards are 

likely to develop CS and to what extent, can help the packing 

houses to program the length of fruit storage, as well as to 

anticipate the respective fruit's quality at the end of storage. 

If the relative incidence of these disorders could be predicted 

far ahead of harvest, it could allow for corrective treatments 

such as orchard sprays to be used, and would avoid late season 

rush to analyze fruit. 

Therefore the objective of this work is to examine the use of 

preharvest fruit mineral analysis relative to future prediction of 

the incidence of cork spot in d'Anjou pears at harvest and after 

storage.  Also potential interactions with P, K, Mg, Mn, B, Zn, S, 

Na, and Fe were examined. 
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Materials and Methods 

Fifteen commercial orchards in the Hood River area of Oregon 

were sampled in 1982 and 10 in 1983.  Fruits were sampled from 

three uniform trees per orchard and analyzed individually.  Ten 

typical fruits per tree were randomly sampled from the periphery 

of the trees on July 18, August 9, and September 1, the time of 

commercial harvest. 

At harvest, September 1, one box of fruits (100 fruits) were 

picked from each tree.  Fruits were stored in 20 Kg cardboard 

boxes with perforated polyliners at -10C and 96% RH for 8 months 

in 1982 and 1983. 

Mineral analysis 

All fruit samples were held in plastic bags (25,52) in cold 

storage until analyzed.  Fruits were weighed, washed with dis- 

tilled water and allowed to dry in the air on paper towels (31,42) 

just before cutting sections for analysis.  Pairs of opposite 

quarters were cut longitudinally (23,24,27,28) from 6 fruits per 

sample and bulked.  Seeds and stems were removed to prevent errors 

in analytical results (24,27,51).  Samples of 18 fruit slices were 

weighed and homogenized with an equal amount of deionized water 

for 2 min.  The mixture was further homogenized in a 'Virtis 45' 

for 1 min to make a finer suspension (22,23,25,26,28) which is 

referred to as the fruit water suspension. 

Calcium was extracted in 1982 by the method suggested by 

Perring (26) with some modifications:  ten ml of fruit water 

suspension was transferred into a 50 ml Erlenmyer flask and 10 ml 
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concentrated HC1 (37.8% A.R) added.  The suspension was boiled for 

20 min on a hot plate with a small funnel placed in the neck of 

the flask to prevent drying.  The digested contents were then 

filtered through Whatman 41 or 42 paper.  The filtrate was diluted 

to 100 ml with deionized water.  Strontium chloride was added to 

reduce interferences at a final concentration of 3% SrCl_ to all 

extracts.  Calcium was determined by Atomic Absorption spectro- 

photometry (Perkin Elmer, Model 303). 

The samples in 1983 were prepared as in 1982 up to the final 

digestion with HC1.  From there on some modifications were intro- 

duced.  The digested contents were filtered and 4.5 ml of the 

solution taken for analysis of Ca, P, K, Mg, Mn, B, Zn, Fe, Na, 

and S determined in an Inductively Coupled Argon Plasma Spectro- 

meter (Jarrell Ash ICAP - 9000). 

Five ml of the fruit water suspension were dried at 70oC for 

digestion and micro-kjeldahl N determinations with a Tecnicon- 

autoanalyzer. 

Cork Spot Assessment 

Fruit samples at harvest in 1982 and 1983 were evaluated for 

superficial cork spot and designated harvest CS. 

The incidence of CS was also evaluated after 8 months in 1982 

and 1983.  All the fruits were peeled and the internal CS deter- 

mined and designated storage CS. Total incidence of CS was the 

sum of harvest CS and storage CS. 

Simple linear correlations between the incidence of cork spot 

and mineral content of the fruits were calculated on the Cyber 
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computer, using the SIPS Regression program.  Multiple correlation 

coefficients were obtained with the SIPS regression system by 

adding and dropping the best and the worst variables respectively. 

Multiple correlations and the simple linear correlations were used 

to select the variables which were most closely correlated with 

the incidence of harvest CS and total cork spot. 
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Results 

Average 'Anjou' fruit weights for July 18, August 9, and 

September 1, 1982 sampling dates were 48, 100, and 198 gr respec- 

tively.  Comparable average weights for about the same dates in 

1983 were 85, 140, and 235 gr, substantially larger than 1982 data 

(Figs. 4.1 and 4.4).  As will be shown, this size difference is an 

important parameter in fruit Ca and cork spot associations. 

Fruit Ca changes between sampling dates and season 

Fruits sampled 40 days before harvest presented the highest 

Ca concentration in 1982 and 1983 (Fig. 4.3).  As sampling dates 

approached final harvest in 1982 there was a substantial decrease 

in fruit Ca concentration.  Fruits initially with 12 mg Ca/100 

f.w. decreased to 8 and 5 mg Ca/100 g f.w. for the July, August, 

and September sampling periods respectively, or an equivalent 

decrease in fruit Ca of 32% and 33% between the 1st, 2nd and 3rd 

fruit sampling periods. 

Average fruit Ca concentrations in 1983 were 8, 5, and 3 

mg/100 g f.w. for the July, August, and September sampling periods 

respectively. The decrease in fruit Ca concentration from the 1st 

to the 2nd sampling period was 41% and from the 2nd to the 3rd 

sampling, a decrease of 30% in fruit Ca content. 

There was a substantial difference in fruit Ca concentration 

for the 2 seasons.  Thus, average fruits sampled in 1983 were 77, 

40, and 18% lower in Ca concentration than fruit samples of 1982 

for the 1st, 2nd, and 3rd sampling dates respectively. 
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Incidence of cork spot 

In the 1982 season, the incidence of total cork spot was low, 

ranging from 0.8 to 13% (Figs. 4.1 and 4.2).  Fruits from the 1983 

season showed higher incidence of total cork spot in d'Anjou 

fruits, ranging from 2.6 to 17.8% (Figs. 4.1 and 4.2).  On aver- 

age, twice as much CS developed in storage as was present at 

harvest in 1982 and 1983 and this is comparable to previous 

reports (1,35,36). 

Larger fruits and low fruit Ca were associated with higher 

incidence of cork spot in both years.  This relationship was 

clearly evident especially in the lower and higher extremes of the 

ranges (Figs. 4.1 and 4.2) which had very low and very high occur- 

rence of the disorder respectively. 

The 1983 fruits were larger and had lower Ca than 1982 fruits 

and therefore higher incidence of the disorder. 

Simple linear correlations between cork spot and mineral elements 

Inspection of the scatter diagram (not shown) demonstrated 

that the relationship of mineral elements with the physiological 

disorder cork spot in d'Anjou fruits is mostly linear and there- 

fore only linear correlations were calculated. 

Simple linear correlation coefficients (r-values) of mineral 

elements in relation to cork spot fruits are shown in Tables 4.1, 

4.2A, and 4.2B, and are the results of seasonal fruit mineral 

analyses of all orchards sampled in 1982 and 1983. 

Fruits sampled in 1982 (Table 4.1) had highly significant 

negative correlations between harvest cork spot and total inci- 



119 

dence of cork spot, with fruit Ca content and Ca/fruit wt ratios. 

Higher correlation values were obtained with the ratio Ca/wt. 

Nitrogen did not correlate significantly with the disorder at 

either stage of evaluation.  However, when the ratio N/Ca was 

used, a significant positive correlation was detected even at the 

July sampling date, and increased in value and significance as 

sampling approached the final harvest date.  Weight of the fruits 

was found to correlate positively and was highly significant with 

the CS disorder with the values increasing toward the last sam- 

pling date as well. 

Several other fruit mineral elements besides Calcium and 

Nitrogen were measured in 1983 relative to CS disorder (Tables 

4.1, 4.2A, and 4.2B).  Negative correlations were found for both 

harvest CS and total CS with N, P, Ca, Mg, Mn, Zn, S, Na, and Ca/K 

+ Mg and Ca/wt ratios.  Positive correlations were found for K, Fe 

(July and August only), B, N/Ca, P/Ca, K/Ca, Mg/Ca, (K + Mg)/Ca, 

wt/Ca, and fruit wt, and CS disorder incidences. 

Most of the mineral elements correlated at 5 or 1% level of 

significance with fruit cork spot.  There was a general increase 

in r-values from the time of the 1st sampling date, July 18 toward 

the final sampling, September 1st.  There was a greater incidence 

of cork spot during storage than at the time of commercial har- 

vest, and this was reflected by generally higher values of the 

coefficient of determination for the various mineral elements. 

Since there was a consistently higher significant correlation 

between fruit Ca and cork spot at all sampling dates, and since 
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the ratio of this element with P, K, and Mg has been cited to be 

closely related to bitter pit in apples (2,12,14,35,43) ratios of 

those elements (with Ca) most likely to be related to the disorder 

in d'Anjou pear were calculated.  Generally there was an addi- 

tional gain in significance with the Ca adapted ratios. 

Multiple correlation between cork spot and mineral elements 

Results of multiple linear correlations of mineral elements 

in relation to harvest and total incidence of cork spot of d'Anjou 

fruits are expressed in coefficient of determinations (r -values), 

as shown in Tables 4.3 and 4.4. 

Multiple linear correlations between mineral concentrations, 

fruit weight, and the incidence of harvest CS and after 8 months 

in storage for 1982 and 1983 showed that Ca and fruit weight were 

the most closely related variables. However, N, K, P, and Mg also 

influenced the occurrence of the disorder, but mainly for harvest 

CS and for the 2nd and 3rd sampling dates. 

Simple linear correlations between cork spot and Ca, fruit weight, 

N, and fruit wt/Ca ratio 

Since fruit Ca; wt; N and the ratio wt/Ca were found to be 

closely related with CS in both seasons and for most of the sam- 

pling dates, simple linear correlations were calculated between 

these parameters and the incidence of harvest and total CS.  How- 

ever, data of 1982 were combined with those of 1983 and calculated 

as a whole.  The results in Table 5 show that among N, Ca and 

fruit weight, fruit Ca was the best correlated with the disorder 

at the early sampling dates July 18 (r = -.66 and r = -.71), and 
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August 9 (r = -.74 and r = -.76).  However, when the ratio fruit 

wt/Ca was considered, an even higher value of the correlation 

coefficient was detected. 

Nitrogen alone did not relate significantly with CS, but the 

ratio N/Ca was found to be significantly positive with both har- 

vest and total CS in the fruits. 

There was always an increase in the correlation coefficient 

as sampling date approached harvest, September 1 for these limited 

parameters. Also, correlation values for total incidence of CS 

were always higher than for harvest CS for the same parameters 

referred above. 

Multiple correlation between total cork spot and fruit Ca, N, wt, 

N/Ca, and fruit wt/Ca 

The results of the multiple linear regression are shown in 

Table 4.6.  Based on these figures the ratios N/Ca and fruit wt/Ca 

were the most consistent variables relating to total CS for all 

sampling dates. 

For July 18 sampling, Ca, N/Ca, and wt/Ca accounted for 65% 

of the variation in CS.  However for August 9 and September 1, 

only N/Ca and wt/Ca were related directly with CS which accounted 

for 68% and 85% of the variation respectively. 

The coefficient of determination increased to r = .85 as the 

fruit sampling approached the commercial harvest, September 1. 

Testing the model 

To test the efficacy of the model, fruit samples from July 

18, 40 days before harvest in 1982 and in 1983 were entered in the 
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model and the predicted total incidence of CS compared with the 

actual total CS in each year respectively, using the equation 

generated by both years, data combined. 

The results presented in Table 4.7 clearly demonstrate the 

predictive accuracy over 70% and 80% in 1982 and 1983 respectively 

of the proposed model based upon July fruit sampling.  The ob- 

o 2 2 
tained R between the predicted and actual CS were R = .69 and R 

= .84 for 1982 and 1983 respectively, which demonstrate the 

effectiveness of the model. 
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Discussion 

Simple linear regression of cork spot in relation to Ca 

concentration of the fruit for all three sampling dates in both 

years were all significant and negatively correlated.  The signif- 

icance and consistency of the Ca relationship with CS as compared 

with other mineral elements confirmed that Ca deficiency in the 

fruit is the major factor in the incidence of cork spot at harvest 

and after storage.  Fruit size was also a very closely related 

variable in the occurrence of the disorder.  The larger the fruit 

the lower was the fruit Ca concentration and the higher the inci- 

dence of cork spot in d'Anjou fruits.  Since large fruits are more 

likely to develop CS than smaller fruit it might be considered to 

be due to a dilution effect (50).  According to Wilkinson and 

Perring (50) and Shear and Faust (41) the final level of Ca in the 

fruit is probably determined early during fruit development and 

this basically was substantiated by the present data.  In 1982 

fruit started with higher Ca concentration which persisted to 

harvest in contrast to 1983 when the fruits showed lower Ca 

concentrations already on July 18. 

The results of multivariate analysis, together with previous 

experience, indicated the importance of including mean fruit 

weight as one of the variables when trying to study the relation- 

ship between disorder incidence and mineral content.  Generally, 

those conditions which lead to increased mean, fruit size per tree 

also lead to Ca deficiency and greater susceptibility to cork spot 
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(16,29,34).  The best correlations were attained when considering 

the ratios fruit weight/Ca for all three sampling dates. 

The seasonal analysis for Ca suggested that the relation 

between Ca concentration during growth and the incidence of har- 

vest and total cork spot could be used as a component of a predic- 

tive model.  The results presented here agree with some previous 

reports for Ca (7,39,40) and fruit weight (8,45,49). 

Our results show that N may also be related to the occurrence 

of this disorder in d'Anjou pears, although the results are large- 

ly inconsistent between years and sampling dates.  However, when 

the ratio N/Ca was computed some of these fluctuations in signifi- 

cance were corrected and more significant correlations were ob- 

tained, reflecting a degree of balance between Ca and N.  The 

effect of N on cork spot was mainly indirect, possibly by increas- 

ing vegetative vigor competition or through the interaction of 

fruit size and Ca.  These results agree with other reports on 

apples (11,18,42) and pears (31,35). 

D'Anjou pear fruits with higher levels of Mg and K and lower 

levels of Ca are most likely to develop the disorder cork spot. 

It has been suggested (4) that Mg and K are the main ions that 

antagonize the function of Ca in cork spot development, perhaps 

because their concentration is high enough to compete with Ca in 

the fruit.  It is also suggested that K and Mg may have occupied 

some nonspecific Ca attachment sites and antagonized the function 

of Ca in the cell membrane.  The most serious effect on Ca may be 

that caused by Mg.  Large portions of Ca in the membrane are 
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exchanged by Mg, K, or H ; this exchange increases the permeabil- 

ity and fragility of the membranes (3,4).  Calcium deficiency is 

relative and conditioned by the concentration of Mg, K, and N. 

Larger fruits may disproportionately accumulate more mineral ele- 

ments especially K and Mg, resulting in an imbalance with Ca, 

therefore predisposing the occurrence of the disorder.  Under 

drought stress conditions, Ca may move out of the fruits and 

accumulate in the leaves (13) where it becomes quite immobile 

(15,37).  Therefore in a condition where fruits are large, the 

amount of some micro- and macronutrients become high and Ca low 

since it relates inversely with fruit size. Any adverse growing 

condition may further aggravate a marginal ionic and physical 

balance in the fruit, thus inducing the occurrence of the 

physiological disorder. 

The results showed that the Ca, fruit weight and cork spot 

relationship was consistent for different orchards and seasons. 

Of course, some variation existed.  But considering all the envi- 

ronmental effects and different cultural methods used for dif- 

ferent orchards, still quite significant correlations existed for 

each isolated year or as a whole group, suggesting the potential 

adoption of these variables as a predictive tool.  One way of 

reducing some of the variations involved would be to sample a 

larger number of fruits per orchard and from a larger number of 

orchards in a growing district, and this is currently under study. 

The main objective of this work has been to find a practical 

way for assessing the likely risk of cork spot in individual 
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orchards so that managerial decisions could be made prior to 

harvest and the more lead time, the better.  Based on two years of 

data, by adopting the equation: 

total cork spot = 18.0249 - 0.8585 Ca - 1.8086 N/Ca + 1.2918 wt/Ca 

and sampling fruits on July 18, 40 days before the beginning of 

commercial harvest, we obtained accuracy over 70% in 1982 and 80% 

in 1983.  Thus we are encouraged by the potential for cork spot 

prediction ahead of time.  Naturally, individual histories of 

particular orchards must be taken into account and as cultural 

factors are more intensively studied, the predictive model may 

become modified. 

Once one can predict the orchard's risk, an efficient program 

of spray application of Ca (30), cultural practices (45) and pre- 

storage dipping or drenching of the fruits (34), could be applied, 

thus raising the Ca concentration in the fruits and reducing the 

incidence of the disorder. Also, the possibility of pinpointing 

potentially high risk orchards, managerial decisions concerning 

length of storage time, and fruit quality after storage can be 

made even if no other treatments have been made to reduce the 

incidence of cork spot. 

In conclusion it appears that fruit weight, together with Ca 

and N analysis can reliably be used to predict cork spot incidence 

in seasons aimed at better prediction and reducing variation 

between years, by developing a model averaged over a five-year 

period. 
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Figure 4.1.  Relationship between fruit weight and total cork spot 
in D'Anjou pears at the sampling date September 11, 
1982 and 1983. 
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Figure 4.2.  Relationship between fruit Ca and total cork spot in 
D'Anjou pear at the sampling date September 1, 1982 
and 1983. 
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Figure 4.3 

Influence of sampling date on the fruit Ca concentra- 
tion of D'Anjou pears, in 1982 and 1983 respectively. 
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Figure 4.4.  Influence of sampling date on the fruit Ca concentra- 
tion of D'Anjou pears, in 1982 and 1983 respectively. 



134 

JULV.18      AUG.,09     SEPT.,01 
FRUIT SAMPLING TIME 

Figure 4.4 



Table 4.1. Linear correlations (r-values) between the incidence of harvest and 
total D'Anjou cork spot and fruit weight and fruit mineral elements 
in 1982. 

Sampling Date Fruit Fr Wt/ Ca/Fr 
of 1982 Ca N N/Ca Weight Ca Wt 

Harvest Cork Spot 
July 18 -.59** -.18NS .33* .52** .70** -.68** 
August 9 -.73** -.15NS .55** .75** .81** -.78** 
September 1 -.70** -.14NS .59** .87** .78** -.78** 

Total Cork Spot 
July 18 -.67** -.22NS .56** .52** .72** -.70** 
August 9 -.80** -.33* .58** .78** .84** -.81** 
September 1 -.81** -.45* .61** .93** .86** -.83** 

** = Significant at 1% level, * = significant at 5% level, NS = non-significant, 
df = 28. 

U1 



Table 4.2A. Linear correla itions (r -values) between the incidence of harvest and total 
D'Anjou cork s ;pot and fruit mineral elements in 1983. 

Sampling 
Date of 1983 P K Ca Mg Mn Fe B Zn S Na 

Harvest 
Cork Spot 

July 18 -.37* .20NS -.54** -.38* -.05NS .41* .40* -.33* .05NS .05NS 
August 9 -.53** .63** -.75** -.73** -.56** .39* .52** -.37*  - .45* -.14NS 
September 1 -.70** .46** -.74** -.34* -.39* -.68** .26NS -.63** — -.34* 

Total 
Cork Spot 

July 18 -.37* .33* -.67** -.41* .14NS .45* .48** -.40* .01NS .IONS 
August 9 -.61** .77** -.80** -.68** -.59** .31NS .65** -.36*  - .36* -.16NS 
September 1 -.68** .63** -.81** -.26NS -.57** -.71** .26NS -.61** - .52** —_ 

** = Significant  at  1% level,   *  = significant  at  5% level,   NS = non-significant,  df =  28. 



Table 4.2B.  Linear correlations (r-values) between the incidence of harvest and total 
D'Anjou cork spot and fruit mineral concentration, weight, and various 
ratios in 1983. 

Sampling (K + Mg) Ca 
Date of 1983 N N/Ca P/Ca K/Ca Mg/Ca Ca (K + Mg) Wt/Ca Wt Ca/Wt 

Harvest 
Cork Spot 

July 18 -.31NS .39* .34* .44* -.06NS .20NS -.38* .65* .82** -.67** 
August 9 -.40* .49** .60** .68** -.16NS .63** -.74** .68** .65** -.78** 
September 1 -.52** .47** .53** .55** -.39* .46** -.36* .68** .73** -.77** 

Total 
Cork Spot 

July 18 -.22NS .56** .52** .61** -.01NS .33* -.42* .78** .89** -.78** 
August 9 -.33* .58** .61** .79** -.26NS .77** -.68** .75** .74** -.82** 
September 1 -.45* .61** .67** .71** -.54** .63** -.28NS .81** .84** -.83** 

** = Significant at 1% level, * = significant at 5% level, NS = non-significant, 
df = 28. 



Table 4.3.  Best multiple linear correlations (r -values) between the incidence of harvest cork spot 
in D'Anjou pear and fruit mineral elements in 1982 and 1983. 

Sampling 
Dates 

Dependent 
Variable Independent Variables 

Survey, 1982 
July 18 
August 9 
September 1 

Cork Spot   = 3.0079 - 0.4528 Ca + 0.1056 Wt 
at      = 2.1854 - 0.4792 Ca + 0.0431 Wt 

Harvest    = -5.9316 + 2.3059 Ca - 269.427 Ca/Wt + 0.0985 Wt/Ca 

0.47** 
0.67** 
0.65** 

Survey, 1983 
July 18 
August 9 
September 1 

Cork Spot   = 1.180 + 3.9975 Ca - 293.349 Ca/Wt 0.78** 
at      = 44.742 + 8.778 K - 0.1315 Wt - 8.7692 (K + Mg)/Ca - 399.738 Ca/Wt  0.76** 

Harvest    = 27.826 - 0.707 P - 0.1515 N - 302.041 Ca/Wt 0.83** 

** = Significant at 1% level. 

00 



Table 4.4.  Best multiple linear correlations (r -values) between the incidence of total cork, spot 
in D'Anjou pear and fruit mineral elements in 1982 and 1983. 

Sampling 
Dates 

Dependent 
Variable Independent Variables 

Survey,   1982 
July  18 
August  9 
September 1 

Survey,   1983 
July 18 
August  9 
September  1 

Harvest & 
Storage 

Cork Spot 

Harvest & 
Storage 

Cork Spot 

-4.5545 + 2.4701 Wt/Ca 
-1.6947 + 0.5510 Wt/Ca 
-11.0225 + 0.0851 Wt- 0.3595 N/Ca + 0.0897 Wt/Ca 

-33.4959 + 0.5165 Wt 
26.9724 - 8.2755 Ca + 0.367 Wt - 0.8979 Wt/Ca 
-36.6877 + 0.1373 Wt - 0.6112 K/Ca + 0.4024 Wt/Ca 

0.52** 
0.71** 
0.89** 

0.80** 
0.76** 
0.85** 

** = Significant at 1% level. 

Ul 



Table 4.5.  Linear correlations (r-values) between the D'Anjou pear cork spot at harvest (H) and 
after 8 months storage (S) and the fruit mineral content during development of 1982 and 
1983 data combined. 

Sampling 
Date 

Ca N Fruit Wt N/Ca Fruit Wt/Ca Ca/Fruit Wt 

H H H H H H 

July 18 -.66** -.71** .05NS .09NS .66** .69** .54** .64** .68** .76** -.66** -.68** 

August 9 -.74** -.76** -.05NS .03NS .72** .74** .62** .68** .75** .80** -.71** -.71** 

September 1 -.76** -.80** -.08NS -.05NS  .78**  .81**  .63**  .72**  .78**  .86** -.76** -.77** 

** = Significant at 1% level, NS = non-significant, df = 56. 

O 



Table 4.6.  Best multiple linear correlations (r -values) and equations between the incidence of 
total 'Anjou' cork spot (harvest plus storage) and fruit mineral content during development. 
Combined data of 1982 and 1983. 

Sampling 
Dates 

Dependent 
Variable Independent Variables 

July 18 

August 9 

September  1 

Total CS 

Total CS 

Total CS 

18.0249 - 0.8585 Ca - 1.8086 N/Ca + 1.2918 Wt/Ca 

2.6335 - 0.8584 N/Ca + 0.6304 Wt/Ca 

1.2115 - 0.8341 N/Ca + 0.3171 Wt/Ca 

0.65** 

0.68** 

0.85** 

** = Significant at 1% level. 



Table 4.7.  Actual and predicted total Anjou pear cork spot incidence in 1982 and 1983 based 
upon the combined predictive equation from July 1982 and 1983 fruit sample dates. 
All values in table are in percents.  The same 10 orchards were compared both 
years. 

Actual Total Predicted Actual Predicted 
Cork Spot Total CS Predictive Total CS Total CS Predictive 

1982 1982 Accuracy 1983 1983 Accuracy 

9.3 6.6 71 16.5 15.1 91 

10.5 5.6 53 5.2 9.0 58 

2.8 2.5 89 10.2 12.4 82 

7.7 4.1 53 6.2 7.3 85 

5.0 2.6 52 9.3 8.4 90 

10.3 9.7 94 18.3 16.1 88 

2.1 3.6 58 17.1 13.7 80 

11.4 9.4 82 5.3 6.9 77 

9.2 6.3 68 5.8 8.0 73 

5.8 6.3 92 14.8 14.1 95 

Ave. 71 Ave. 82 
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OCCURRENCE OF CORK SPOT IN D'ANJOU PEARS (PYRUS COMMUNIS L.) 
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Abstract 

D'Anjou pear fruits were sampled from 10 commercial orchards 

near Hood River, Oregon, and analyzed for calcium concentrations 

by plasma emission spectrophotometer (ICAP).  Fruits with high, 

I I 
medium, and low Ca  were evaluated at harvest and after storage 3 

and 7 months at -1.10C and 96% RH, for CO- and C2H, production and 

incidence of cork spot. 

Calcium concentrations in the fruits were closely correlated 

to cork spot; the symptoms increasing with decreasing fruit Ca 

concentration and increasing storage duration.  Respiration, C_HA 

evolution and internal C^ of fruits varied with different Ca 

levels at harvest, and after 3 and 7 months in storage.  Higher Ca 

levels were related to lower respiratory activities of the fruits. 

The higher the Ca in the fruits, the lower the ethylene evolution. 

Initial C-H- production was high only in low Ca fruits. Fruit 

with high Ca had delayed onset of C-H, evolution.  The higher the 
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fruit Ca, the longer was the chilling requirement for proper fruit 

ripening. 

Therefore, calcium had a marked effect on delaying ripening 

and senescence of D'Anjou pear tissues.  Fruits with high Ca 

concentrations can be stored successfully for longer time periods. 
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Introduction 

Cork spot, a physiological disorder of D'Anjou pear (18, 30), 

is characterized by a bumpy, uneven appearance of the surface with 

brown, dry, corky tissue in the flesh when peeled.  The lesions 

are usually most common near the calyx end. 

A number of factors which contribute to the disorder have 

been identified, but the most significant is low tissue calcium 

content (18, 21, 22, 26, 30).  The disorder is similar to bitter 

pit in apples (19), which is also characterized by low calcium 

level.  The mechanisms by which Ca influences growth and retards 

senescence are partially understood and there are reports that 

adding Ca to Ca deficient tissues reduces respiration and 

suppresses C2H4 production (12, 16, 20). 

Bramlage et. al. (4) found that calcium levels markedly 

influence respiration rate of apples, but that differences in Ca 

level did not influence time of fruit ripening.  However, calcium 

not only depressed avocado fruit respiration and ethylene produc- 

tion, but also delayed the onset of the climacteric rise when the 

fruits were treated with 0.1 M CaCl. (25). 

Nitrogen is related to bitter pit in apples, and respiration 

was higher with high N concentration (11).  Apple fruits affected 

with bitter pit showed low calcium as well as high nitrogen 

content in the fruit flesh. 

Calcium and nitrogen have been shown to be related to cork 

spot and respiratory activities of D'Anjou pears (21, 23, 24). 

However, additional studies are required to demonstrate the effect 
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of existing natural levels of these mineral elements on respira- 

tion, ethylene production and internal C-H/, as well as on the 

climacteric behavior of D'Anjou fruits, which is still not well 

understood.  The generated information could help determine the 

relative importance of Ca and N in the development of disorders 

and could lead to a predictive storage potential model if they are 

shown to be key factors in fruit physiology, especially if 

relative indices of these nutrient levels can be characterized. 



152 

Materials and Methods 

Three uniform and mature trees of D'Anjou pear trees were 

selected from 10 commercial orchards near Hood River, Oregon, in 

1983. At the initial date of commercial harvest, when fruits were 

100% mature, based on a 147 day post-bloom growth period, about 

100 fruits per tree (300 fruits per orchard) were harvested, 

treated with benomyl (600 ppm), diphenylamine (1000 ppm), and 

Ketrol (3000 ppm).  Fruits were stored in 20 kg. cardboard boxes 

with perforeated polyliners at -10C and 96 % R.H. for 3 and 7 

months. 

Six fruits from each box (3 boxes/orchards) were washed, then 

rinsed with distilled water.  Axial sectors were cut in 4 pieces. 

The pieces wee replicated in 3 sub-samples, each containing 6 pear 

slices.  Cores were removed prior to maceration. Minerals were 

extracted with hydrochloric acid, filtered, and analyzed on a 

fresh-weight basis using an inductively coupled plasma emission 

spectrometer. After storage, fruits of each treatment were again 

analyzed for minerals.  Calcium is the most important element 

reported here, although P, K, Mg, Mn, Ca, Fe, Zn, B, and Cu were 

also analyzed but found to be unrelated to the parameters in this 

study.  Automated N determinations were made with a Technicon 

autoanalyzer. 

Once fruit samples from all orchards were analyzed and their 

Ca levels known, fruits were grouped into 3 lots: high, medium and 

low, averaging 5,3: 3,3: and 1,9 mg of Ca/100 g of fresh weight, 

respectively. 
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Samples of 6 fruits (about 1 kg), 3 replicates, were placed 

into 4-liter glass jars, and sealed with large rubber stoppers 

containing"inlet and outlet tubes.  Respiration was measured and 

air flow rate was maintained at 150 ml per minute per container to 

insure that C02 accumulation did not exceed 0.4%.  CO2 was 

measured by an infrared gas analyzer. 

One ml gas samples were drawn by syringe from the outlet 

tubes of the jars and evolved ethylene was measured with a Carle 

311 flame ionization gas chromatograph. 

CO™ and CoH/ evolution was monitored only the first and 

eighth days at 20oC ripening, following harvest and after 3 and 7 

months in storage.  Simple linear correlations were calculated. 

Internal ethylene (10 fruits per treatment) was extracted by 

a modification of the method of Bussel and Maxie (5) and described 

by Vaz (27). 

Fruits from the same 10 orchards containing different Ca 

levels were analyzed as above and used to study the relationship 

of Ca, N and N/Ca with incidences of cork spot, respiration and 

ethylene production.  Respiration, ethylene production and inter- 

nal ethylene for the ripening study were measured every 2 days at 

20oC for 14 days after harvest, and after 3 and 7 months in 

storage. 

Fruits were evaluated for cork spot incidence at harvest and 

after 7 months in storage.  The fruits with superficial cork and 

those with deeper spots were rated as cork spot fruits. 
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Results 

The incidence of cork spot of D'Anjou pears closely cor- 

related with decreasing fruit calcium concentrations (Tables 1, 2, 

and 3) at harvest (r = -0.68) and was even stronger after 3 and 7 

months storage (r = -0.83 and -0.80, respectively).  Nitrogen did 

not correlate significantly with cork spot incidence.  The N:Ca 

ratio, however, correlated poorly and positive ( r - 0.52) with 

cork spot at harvest but was much stronger after 3 and 7 months 

storage ( r = 0.72 and 0.77, respectively). 

Fruit Ca was always negatively correlated with respiratory 

C02 evolution (Tables 1, 2 and 3) the first day placed in 20oC 

ripening at harvest, after -10C storage 3 or 7 months (r-values = 

-0.78 to -0.84).  CO- evolution rates at the climacteric peak, 

typically on day 8 of ripening, also correlated negatively with 

fruit Ca concentration.  Ethylene evolution on days 1 and 8 of 

ripening after 3 and 7 months storage (Tables 2 and 3) was paral- 

lel to the CO2 relation with fruit calcium and the correlations 

were even stronger (r-values = 0.80 to 0.91).  Thus, the more 

calcium, the lower the incidence of cork spot disorder, and the 

lower the respiration rate and ethylene evolution. Nitrogen alone 

had little, if any, influence.  The high correlation with N:Ca 

ratio is probably due to the Ca alone. 

Respiration.  Fruit Ca affects D'Anjou pear fruit respiration 

in three ways:  a) it alters the time needed in cold storage to 

initiate the climacteric response; b) it affects the maximal 
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rates of CO produced;  and c) it shifts the time to reach the 

climacteric peak. 

D'Anjou pears with a normal amount of Ca (more tha 5 mg 

Ca/100 g) usually required 50 to 60 days of -10C storage to be 

capable of ripening with good quality (7).  Pears with low Ca (1.9 

mg Ca/100 g fresh wt) were already able to ripen at harvest and 

went through a climacteric rise in respiration (Figure 1). Pears 

with 3.3 or 5.3 mg Ca/100 g fresh wt were not capable of ripening 

at harvest even after 13 days at 20 C.  CO- rates were 6 to 8 mg 

CO-Zkg-hr for the 3 to 5 mg Ca fruits, but CO2 peaked at 19 mg 

C02/kg-hr for the low Ca pears on day 11. 

After 3 months at -1 C storage (Figure 2), the low Ca pears 

reached 40 mg CO /kg-hr on day 7, whereas the intermediate 3.3 Ca 

pears reached 22 mg C02 on day 9 and the high 5.3 mg Ca pears 

reached 14 mg CO- on day 13. 

After 7 months storage (Figure 3), fruit ripening at 20oC 

still had low Ca pears respiring most rapidly, but by day 5 rots 

and fruit breakdown were so severe that measurements were stopped. 

Medium Ca pears peaked at 21 mg CO- on day 5, whereas high Ca 

pears peaked at 18 mg C02 on day 9. The low Ca fruits had already 

gone through the climacteric in storage and were quite senescent. 

Chlorophyll loss was nearly complete in the low Ca fruit, while 

the medium Ca fruit was showing some color loss, and the high Ca 

pears were still green and very firm prior to ripening.  No rots 

or breakdown were present in the medium and high Ca pears. 
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Ethylene.  Even with no chilling treatment, low Ca D'Anjou 

fruit produced ethylene at harvest (Figure 4), maximizing to 10 ul 

^H^/kg-hr on day 11 at 20oC.  Pears with greater than 3 mg Ca 

produced virtually no ethylene at harvest.  Storage for 3 months 

at -10C (Figure 5) satisfied the chilling necessary for C-HA 

synthesis in all fruit regardless of Ca concentration.  However, 

low Ca pears produced the most C H : 45 ul/kg-hr on day 7.  Medium 

Ca fruit peaked at 21 ul/kg-hr on day 9.  High Ca pears scarcely 

produced 1 ul C^/kg-hr until day 7, rising to 14 ul C2H4/kg-hr 

on day 13.  After 7 months cold storage (Figure 6), the low Ca 

pears were senescent and producing 26 ul C2HA/kg-hr on day 5. 

Medium and high Ca pears peaked at 14 ul C2H/ on day 5 and 20 ul 

CLH, on day 9, respectively.  At this late stage of storage, high 

Ca fruit still were able to make C-H, and ripen to good quality. 

Fruit with lower Ca had already spent much of their ripening 

capacity. 

Internal ethylene concentrations paralleled the ethylene 

evolution patterns for various fruit Ca levels at harvest (Figure 

7) and after 3 months (Figure 8) and 7 (Figure 9) months storage. 

Low Ca pears at harvest showed a rise in internal ethylene to 

about 30 ul/1 at 11 days of ripening.  D'Anjou pears above 3 mg 

Ca/100 g fresh wt had no increase in internal C_H, at harvest. 2 4 

After 3 months storage, low, medium and high Ca pears had peak 

internal ethylene after 5, 9 and 13 days respectively (Figure 8). 

After 7 months internal C^ had decreased in the low and medium 
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Ca pears, both of which had weak peaks at 3 and 5 days, 

respectively.  High Ca pears still had high internal C„H< which 

peaked at day 9. 
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Discussion 

Fruit calcium concentration clearly has dramatic effects on 

the incidence of cork spot disorder, ethylene synthesis and respi- 

ration rate.  Symptoms of cork spot increase as fruit Ca concen- 

trations decrease.  This has been shown previously for bitter pit 

in apples (8, 9, 19) and for D'Anjou pears (1, 23, 24). Although 

some symptoms appear at harvest, much more appear as storage 

duration increases.  Thus, a model for predicting cork spot dis- 

orders based on prestorage fruit Ca analysis appears feasible. 

Although high N in fruits has been associated with bitter pit of 

apples (13), there was no significant relationship between fruit N 

and cork spot of pears in this study. 

Respiration rates and C2H^ increased considerably and the 

onset of the climacteric, rise was earlier as fruit calcium concen- 

tration was less in this study.  This is similar to previous 

reports in apple (10) and in D'Anjou pear (29).  This study was 

the first to demonstrate the effects of low Ca on decreasing the 

time of the chilling requirement, and helped to explain some of 

the season-to-season variations in storage time to undergo ripen- 

ing that has been observed.  Clearly there would be advantages to 

segregate D'Anjou pears by Ca concentration in order to market the 

low Ca fruit early as it will not keep as well as high Ca fruit. 

In other words, Ca plays a major role in retarding fruit ripening 

and senescence. 

Physiologically, Ca has been implicated in maintenance of 

cellular integrity via membrane stabilization (17) and effects on 
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permeability (3).  Apple fruits with bitter pit showed some disin- 

tegration of the plasmalemma and tonoplast membranes (2).  Low Ca 

fruit membrane instability may be an important factor in the 

accelerated senescence observed in such fruit which seldom sur- 

vives cold storage of 3 months.  Such fruits were rapidly subject 

to physiologic breakdown, susceptible to fungal attack (26) and 

ripen with poor quality even without obvious cork spot symptoms. 

Calcium was strongly associated with C2H» production.  When 

Ca was deficient, C2H4 was greatly enhanced.  Ethylene production 

by cork spot D'Anjou pears was 4 times that of normal pears (15). 

Ethylene of bitter pit-affected apples was also higher than normal 

fruit (10). 

D'Anjou and other winter pear varieties such as Bosc and 

Cornice are known to require varied periods of cold storage to 

ripen satisfactorily (6, 7). This study showed that fruit Ca 

concentration in some way regulated the chilling requirement for 

ripening of pears. Previously, Wang et. al. (28) reported detect- 

able C^HA in mature D'Anjou pears at harvest which increased to 13 

ul/kg-hr after 14 days at room temperature, 20oC.  It would have 

been interesting to have measured the fruit Ca concentration of 

those fruits, as it is highly likely that they were Ca deficient. 

High Ca in pear fruits not only supressed C-H. production, but 

also delayed the onset of the climacteric rise in respiration. 

Since ripening is initiated by a threshold value of internal C„HA 

that accumulates in the fruit (14), our data relating fruit Ca to 

internal ethylene and respiration rates agreed with that concept. 
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The rate of internal C u increase of D'Anjou pears was 

faster than evolved C^H^.  The shape of both internal and evolved 

C^HA curves (over time) was similar. Although other reports (1) 

indicated an effect of apple fruit Ca on internal C„H/, our data 

indicated that there are also differences, but they are not large. 

There was a dramatic effect of pear Ca concentration on the time 

required both in storage and ripening out of storage on maximal 

C2H4 production.  Low Ca pears made C2H4 right after harvest, with 

no chilling requirement.  High Ca pears did not make C„H, at 

harvest, but developed and retained C-H, synthesis quite late in 

storage. Medium Ca pears were intermediate in their pattern of 

C2H4•  A study by Chen et. al (7) measured internal C2H, in stored 

D'Anjou pears in two seasons.  In one season, peak internal C_H/ 

(5 ppm) occurred after 60 days in storage, whereas in another 

season, peak production to the same 5 ppm C-H, was only reached 

after 90 days in storage.  Although fruit Ca was not measured in 

that study, other fruits measured those seasons gave indications 

that the 90-day peak internal C^B.^  pears may well have had higher 

fruit Ca than the pears exhibiting a C-H, peak at 60 days in 

storage. 

Although we expected some interaction between fruit N and 

respiration and ethylene as reported previously (11, 24), the 

effects of fruit N on cork spot, respiration and C2H< were rather 

insignificant in our study. 
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Conclusion 

Pear fruit Ca concentration was a major factor in determining 

susceptibility to cork spot at harvest and after storage.  Calcium 

had great effect on the magnitude of respiration, internal ethyl- 

ene and ethylene production in D'Anjou pear fruits, as well as on 

the time to reach the climacteric.  The chilling requirement of 

D'Anjou fruits appeared to be related to the Ca content in the 

fruit tissues. Ripening and senescence of the fruit was delayed 

when Ca was present in increasing numbers.  Nitrogen did not 

affect the incidence of the disorder, respiration or C_HA 

evolution of the fruits. 

This data emphasizes the importance of establishing adequate 

Ca concentration in D'Anjou pears if they are to be stored 

successfully for long periods of time. 
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Table 5.1 Simple linear correlations between respiration incidence 
of cork spot and Ca, N, and N/Ca ratio of D'Anjou pears 
at harvest. 

Ca 

N 

N/Ca 

Initial CO, 
i. 

-.78** 

-.52 NS 

+ .70* 

CO2 After 8 Days       Cork Spot 

-.75* 

-.60 NS 

+ .68* 

-.68* 

-.24 NS 

+.52 NS 

Significant at ** = 1% level; * = 5% level; and NS = not 
significant. 
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Table 5.2 Simple linear correlations between respiration, ethylene 
production, and Ca, N, and N/Ca ratio after 3 months in 
storage of D'Anjou pears. 

C2H4 Peak 
Initial C02  CC^ After 8 Days  Initial C2H4 After 8 Days 

Ca   -.81**      -.79** -.80**      -.83** 

N    -.31 NS     -.50 NS -.39 NS      -.45 NS 

N/Ca +.76*       +.73* +.77**       +.72* 
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Left   blank   Intentionally 
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Table 5.3 Simple linear correlations between respiration, ethylene 
production, incidence of cork spot, and Ca, N, and N/Ca 
of D'Anjou pears after 7 months in storage. 

Initial 
co2 

C02 After 
8 Days 

Initial 
C2H4 

C2H4 After 
8 Days 

Cork 
Spot 

Ca -.84** -.83** -.87** -.91** -.80** 

N -.38 NS -.13 NS -.29 NS -.40 NS -.12 NS 

N/Ca + .75* +.78** +.83** +.87** +.77** 
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Figure 5.1 Respiratory climacteric of D'Anjou pear fruits 
in relation to Ca concentration in the fruit 
at harvest. 
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Figure 5.2 Respiratory climacteric of D'Anjou pear fruits 
in relation to Ca concentration in the fruit 
after 3 months at -1 C. 
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Figure 5.4 Ethylene evolution of D'Anjou pear fruit in 
relation to Ca  concentration in the fruit at 
harvest. 
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Figure 5.5 Ethylene evolution of D'Anjou pear fruit in 
relation to Ca  concentration in the fruit after 
3 months at -1 C. 
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Figure 5.6 Ethylene evolution of D'Anjou pear fruit in 
relation to Ca  concentration in the fruit after 
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Figure 5.7 Relationship between ethylene concentration in 
the internal atmosphere of D'Anjou pear fruit 
during ripening and the concentration of Ca 
the fruit at harvest. 
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Abstract 

D'Anjou pears normally require 60-70 days at -10C after 

harvest to initiate C^HA production and consequently the ripening 

process.  We have found that fruit Ca concentration affects this 

process. Fruit containing low (1.9), medium (3.3), and high (5.3 

mg Ca/100 gr fresh weight) Ca were stored for 30, 40, 50, 60, and 

70 days at -10C and 96% RH.  Respiration rate and C^H, evolution 

were measured every two days for 13 days at 20oC following the 

respective storage periods. ACC was also measured.  Following 

harvest, low Ca fruits initiated C_H, production after 5 days at 

20oC, and after 11 days, a production of 10.5 yl/kg-hr was meas- 

ured.  After 30 days in storage, still only the low Ca fruit 

produced C^^.  Medium Ca fruits started to produce C2H4 after 50 

days storage, although it was only about 0.06 yl/kg-hr after 9 

days at 20oC.  High Ca fruits started C.R, production only after 
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70 days storage and the magnitude of its evolution relatively 

small as compared with low and medium fruit Ca.  Respiratory 

activities of the fruits were also affected by Ca levels in the 

fruits.  The lower the fruit Ca level, the greater the total C0„ 

evolution as well as the earlier they reached the climacteric 

peak, once transferred to 20oC.  High fruit Ca delayed the onset 

of the climacteric.  The possible Ca effect on the ACC conversion 

to ethylene is suggested. 
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Introduction 

Some pear cultivars, particularly the winter types (21) have 

a special cold requirement before fruit ethylene production begins 

and normal ripening can take place at 20°C.  Different cultivars 

have different chilling demands (12,13,14,28,47), which may vary 

from different growing locations (46) and from season to season 

(48).  Anjou pear fruits normally need to be kept in -1.10C stor- 

age for 50 to 60 days (11,12,13) although some times they initiate 

ethylene production after 30 days (14) and even right after har- 

vest without been subjected to cold treatment (52). 

The ripening capacity of pears after varying lengths of time 

in cold storage can be determined by the production of external 

ethylene and (^ at 20oC.  Exposure to low temperatures activates 

the fruit's ability to produce ethylene by temperature dependent 

metabolic reactions (43). However, the physiological basis and 

the mechanism of low temperature induction of ripening is still 

unknown in pears.  Ethylene, a plant hormone, is involved in and 

is produced in association with ripening of fruits and senescence 

of plant tissues (2,10,32,37,40). 

Calcium is known as a retardant of senescence (35,36) and is 

a major factor in preventing certain physiological disorders in 

apples and pears (16,20,31,34,39,48,49,50).  The postharvest stor- 

age life of Anjou can be extended when Ca  is present in high 

concentration in fruit tissues (38,48,49).  Anjou fruits contain- 

ing very low Ca  have been shown to produce considerable amounts 

of ethylene (38,48) and undergo normal ripening following harvest 
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without any cold treatment (48,52).  It was thought that Ca  may 

be related to the low temperature requirement of Anjou pears. 

This report presents evidence that Ca  somehow alters the cold 

period required to develop ripening capacity of Anjou fruits and 

influences the senescence processes during storage and ripening. 
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Materials and Methods 

Three uniform, mature d'Anjou pear trees were selected from 

each of 10 commercial orchards near Hood River, OR in 1983. 

Fruits were harvested at commercial maturity, (62 newtons firm- 

ness) and about 100 fruits per tree (300 fruits per orchard) were 

treated with benomyl (600 ppm), diphenylamine (1000 ppm) and 

keltrol (3000 ppm).  Fruits were stored at -10C and 96% RH until 

used for study. 

Six fruits from each box (3 boxes/orchard) were extracted for 

Ca content by HC1 extraction of fresh pears and analyzed using an 

inductively coupled plasma emission spectrometer.  Once fruit 

samples from all orchards were analyzed and their Ca levels known, 

fruits were grouped into 3 lots:  High, medium, and low, averaging 

5.3; 3.3; and 1.9 mg of Ca/100 g of fresh weight, respectively. 

Samples of 6 fruits (about 1 Kg), 3 replicates, were placed 

in 4 liter glass jars, and sealed with large rubber stoppers 

containing inlet and outlet tubes. Air flow rate of 150 ml per 

minute per container was maintained to insure that C0_ accumu- 

lation did not exceed 0.4%.  (X^ was measured by a Beckman Model 

865 infrared gas analyzer.  One ml gas samples were taken from the 

outlet tubes of the jars and evolved C H, was measured with a 

Carle 311 flame ionization gas chromatograph. 

To determine the number of days that Anjou pears required to 

be at -10C before they produced ethylene, a number of fruits were 

held at 20°C for ripening, following harvest, and after 30, 40, 
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50, 60, and 70 days in storage.  Measurements of CO- and COHA 

production were carried out every 2 days for 13 days. 

To study the Ca relationship to C-H, aru* A<^ production, 

fruits containing medium Ca were dipped in 3% CaCl-, left to dry 

out for 1 hr then stored for 4 months, together with the medium 

and high Ca fruits. Low fruit Ca was not used for this study 

since they do not survive long periods of storage (48).  0„H/ and 

ACC were measured every 2 days over an 8 day ripening period. 

Endogenous ACC concentration was measured using 12 grams 

flesh composite of 3 fruits, replicated 4 times per treatment, 

homogenized in perchloric acid (final concentration 6%) with a 

Brinkmann polytron.  The homogenate was centrifuged at 10,000 x g 

for 10 minutes and the supernatant passed through a column of 

D0WEX SOW -X4 (.H+ form).  Amino acids were eluted with 2N NH^OH. 

The eluent was dried under vacuum and the residue dissolved in 0.5 

ml distilled water. ACC was then measured according to the method 

of Lizada and Yang (27). 
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Results and Discussion 

Fruits low in Ca (i.e., 1.9 mg/100 F.W.) had already attained 

full ripening capacity at harvest as demonstrated by CCL and C?H, 

production at 206C (Fig.6.1), without the recommended and usual 

cold treatment necessary to activate the ripening mechanism of 

Anjou fruits (11,12,13).  There was a climacteric rise in respira- 

tion from CO- production initially at 15 mg/Kg-hr, decreasing to a 

minimum climacteric after 5 days at 20oC, then rising to 18.5 

mg/kg-hr after 11 days.  The C2H, production was already detect- 

able at day 5, the increase paralleling C0_ evolution and reaching 

10.5 yl/kg-hr after 11 days at 20oC.  This climacteric fruit 

behavior at harvest was not observed in fruits having medium and 

high Ca; 3.3 and 5.3 mg/100 F.W., respectively. 

Ethylene production by d'Anjou fruits right at harvest with- 

out any chilling treatment was previously reported for fruits with 

cork spot (38) a physiological disorder associated with low fruit 

calcium.  Wang, et al (52) reported detectable amounts of ethylene 

production in mature Anjou fruits 7 days after harvest, which 

increased to about 13 yl/kg-hr after 14 days at room temperature. 

Although no mention was made of the fruit's mineral levels, it is 

believed they were particularly low in Ca content.  This might 

have been the reason for the unusually early and high ethylene 

production in d'Anjou pears without the cold treatment. 

After 30 days storage at -10C, d'Anjou fruits presented the 

same climacteric behaviors as at the time of harvest, with the 

difference that the magnitude of values for CO- and CoH/ produc- 
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tion were much higher (Fig. 6.2).  However, those fruits with higher 

calcium levels were still not able to undergo normal ripening, and 

no detectable ethylene production was found.  There was a clear 

difference in the amounts of CO production for the fruits con- 

taining the 3 different Ca levels. 

Forty days cold treatment (Fig. 6.3) showed that only the 1.9 

mg Ca/100 g F.W. fruits were able to ripen, but the 3.3 and 5.3 mg 

Ca/100 g F.W. fruits despite producing CO- at slightly higher 

rates than at harvest or after 30 days, still did not exhibit a 

rise in respiration and ethylene production was below detectable 

limits. 

The calcium effect on altering the chilling requirement was 

again evident after 50 days in storage at -10C (Fig. 6.4).  The low 

Ca fruits continued to ripen normally upon transfer to 20oC. 

However, the medium Ca fruits began their ethylene production 

after day 9 once transferred to 20oC, peaking at day 13 with 1.8 

yl/kg-hr.  There was a climacteric rise in respiration with the 

minimum also at day 9 and peaking day 13.  High Ca pears showed no 

rise in ethylene or C0_. 

After 60 days of cold treatment (Fig. 6.5) the 1.9 mg Ca/100 g 

F.W. fruits had their minimum CO. production shifted to day 3 at 

20oC and the climacteric peak at day 11.  The C„H, production peak 

also occurred earlier.  D'Anjou pears have been normally indicated 

to require 60 days at -10C (11,13) to develop ripening capacity. 

It is evident however, that the relative Ca levels in fruit 
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tissues is a major factor in determining the permance of the 

fruits in storage before C^E^  production is triggered. 

Calcium is known as a retardant of senescence (30) and addi- 

tion of Ca to deficient tissues reduces respiration and suppresses 

ethylene production (17,26,36).  Our data are in agreement, since 

5.3 mg Ca/100 F.W. fruits, which was considered for the season as 

a high Ca level, after 60 days -10C did not show any detectable 

C2H4 production (Fig. 6.5) once placed at 20CC.  They did not go 

through a climacteric rise and normal ripening.  Their ripening 

capacity was only attained after 70 days in -10C storage (Fig. 6.6) 

even though ethylene production was only detectable at day 5 at 

20oC and thereafter, the ethylene peak at day 13, 4.A yl/kg-hr 

being much lower than for those fruits with lower Ca content. 

There was a clear effect of Ca on respiration and C-HA pro- 

duction demonstrated by the magnitude of CO evolution initially 

and at the minimum or maximum peaks.  The higher the fruit Ca the 

lower the respiration and C2H4 production of Anjou fruits.  This 

agrees with previous reports (38,48).  Calcium not only affected 

the total respiration and C^ evolution of fruits, but also the 

time to the onset of the climacteric.  The lower the Ca, the 

faster the fruits reach their climacteric peak.  Similar Ca ef- 

fects were reported in apples (9,16) and in avocado fruits (45). 

These Ca effects on the postharvest behavior of d'Anjou fruits 

strongly indicates that more rapid senescence will occur if low Ca 

is present in fruit tissues. If fruits are to be stored success- 

fully for long periods of time they should have high Ca content, 
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which slows metabolic reactions, delaying the senescence of fruit 

tissues. 

The effect of low fruit Ca on decreasing the chilling re- 

quirement demonstrated by this study helps to explain some of the 

season to season as well as growing location variations in storage 

time of d'Anjou to undergo ripening (46,48), and Ca levels in the 

fruits are known to vary in similar fashion (42,48,50).  The 

difference in fruit ripening behavior suggests that low Ca fruits 

have their C^H, synthesizing mechanism fully developed already at 

harvest time. However, how this relates directly to fruit Ca 

concentration is still not known. 

ACC serves as an intermediate in C H, biosynthesis (4,29). 

The pathway, methionine -»■ SAM--* ACC ->- C-H, has been well docu- 

mented in plant tissues (54), and the key enzyme in this biosyn- 

thetic pathway has been demonstrated to be ACC synthase (7,53,55). 

There are many reports about Ca relationship to ACC and ethylene 

production (15,18,24,26), in fruit discs. Very few observations 

have been made on intact fruits as related to low temperature. 

Chilling exposure of cucumber fruits resulted in an increase in 

the synthesis of ACC, but the ACC -*- C^HA conversion step was 

inhibited while exposed to cold temperature (1,3,51). 

The duration of cold storage has been suggested to be affect- 

ing either the ACC synthase activity and consequently ACC forma- 

tion or the conversion of ACC to C-H, (46,33).  ACC was reported to 

increase in Anjou fruits during storage (11). 
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To study the relationship of fruit Ca to ACC and C^H/ produc- 

tion in intact fruits in relation to their ripening behavior, 

Anjou pears containing 3.3 mg Ca/100 F.W. were infiltrated with 3% 

CaCl. and stored for 4 months, then ACC and C2H/ production were 

measured and compared to non-infiltrated 3.3 and 5.3 mg Ca/100 

F.W. fruits. 

D'Anjou fruits produce low amounts of ACC, which makes it 

somewhat more difficult to study the Ca relationships. However, 

it could be seen (Fig. 6.7) that ACC seemed to accumulate in the 

tissues during storage to levels about 0.25 nmoles/g, increasing 

to 0.29 nmoles/g after 4 days at 20oC for 3.3 mg Ca/100 F.W. 

fruits.  This increase followed the increase in C„H- production. 

CaCl2 infiltrated and 5.3 mg Ca fruits, however, had ACC content 

decreased slightly until day 6 when it increased again.  This 

suggested that Ca might be affecting the conversion of ACC to C H, 

or at least delaying it when present in high levels. Low Ca fruit 

had more rapid conversion of ACC which coincided with the climac- 

teric of the fruits after 6 days at 20oC room.  Since fruits used 

in this observation had been stored for 4 months, and no ACC 

measurements were done during that time, little can be said about 

Ca effects on the synthesis of ACC. 

A decrease in ACC concentration in d'Anjou pears on transfer 

from storage to 20oC, and non-parallel C-H- production was re- 

ported before (46), which contrasts with this present finding. 

However, it could have been that the fruits used in that experi- 

ment had high Ca levels, which in a way agrees with our ACC levels 
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for the 3.3 + 3% CaCl2 and 5.3 mg Ca/100 g F.W. fruits, whose Ca 

content was also high.  In tissues producing C2H. at a rapid rate, 

ACC formation precedes or parallels C-H, evolution (5,8,23,56). 

Physiologically, Ca has been implicated in maintenance of 

cellular integrity via membrane stabilization (36) and effects on 

permeability (22,41).  Since the enzymatic conversion of ACC to 

C-H/ is believed to be cell wall or membrane bound (19), any 

change in the membranes may affect such conversion.  Ca is likely 

to be related to this process. 

It has been previously proposed that cold treatment may 

increase membrane permeability of subcellular organelles, allowing 

mixing of substrates, cofactors, and enzymes of ethylene biosyn- 

thesis, thus stimulating C^ production (43).  If Ca is present 

at low levels in cell tissues, there may well be an increase in 

membrane permeability thus eliminating the otherwise necessary 

exposure to cold stress or shortening the time of this exposure 

(6,25,44). 

Additional studies will be required before any conclusions 

can be drawn about the mechanism of cold-induced ethylene produc- 

tion and Ca relationships in d'Anjou pears. 
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CHAPTER VII 

RELATIONSHIP OF FRUIT CALCIUM TO FIRMNESS, INTERNAL BREAKDOWN, 

INCIDENCE OF ROT, GREEN COLOR RETENTION AND STORABILITY OF 

D'ANJOU PEARS 
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Abstract 

Anjou pears sampled from commercial orchards were analyzed at 

harvest time and after 7 months -10C 90% RH storage for calcium 

content, firmness, chlorophyll, titrable acidity and soluble sol- 

ids.  Firmness of Anjou pears was highly correlated with calcium, 

the firmer the fruit at harvest time the higher was calcium con- 

tent, and also the higher the calcium the greater was the firmness 

retention during storage.  Pear samples with greater calcium de- 

veloped less internal breakdown after long-term storage. The 

incidence of rot was less in higher calcium fruits, and after 7 

months in storage fruits remained greener and retained more acids. 

♦Present address:  EMGOPA/EMBRAPA, Estacao Experimental de 

Anapolis, Cx. P. 608, 77100 Anapolis - Go- Brasil. 
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Fruits to be stored satisfactorily for long periods of 

time should have high amounts of calcium.  Once calcium concentra- 

tion is knovm in the fruit, it appears possible to estimate their 

storage potential. 
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Introduction 

In the Pacific Northwest, despite the highly developed tech- 

nology of postharvest storage in delaying senescence of pears, 

substantial losses of quality can occur during storage (44).  Pear 

quality is normally defined in terms of usual commercial standards 

of color, size, appearance, storage potential, and organoleptic 

properties. 

There is evidence that calcium occupies a central position in 

fruit nutrition and quality (7).  Ca appears to have an important 

regulatory role in metabolism of apple and pear fruits (45). 

Several investigations have found Ca to be effective in 

promoting firmness and delaying softening of apples (2,4,31,32, 

33,41) and pears (1,44) during storage.  Some types of internal 

breakdown in apples have been indicated to be a Ca related dis- 

order (2,6,18,20,25,32,36,40,42). The incidence of rots in apples 

(6,5,15,18) and pear fruits is also believed to be at least par- 

tially related to Ca, as is green color retention of apples 

(5,21,41) and pears (44) during prolonged storage. 

The balance between minerals and organic constituents of 

fruits must be maintained at high concentrations if apple fruits 

are to be of highest storage quality (35).  Fruit acidity and 

soluble sugars are common indicators of fruit quality and storage 

life (6,11,18,19,29). However, relatively few citations have 

discussed the relationship with calcium. 

At present there appears to be a large body of data sub- 

stantiating the effect of Ca on the storage life of apples. Al- 
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though only a few have covered the extent of the Ca relationship 

to the most of the fruit's quality aspects during and after stor- 

age, considering only the natural fruit Ca levels.  In D'Anjou 

pears, little is known about this relationship.  Therefore, the 

present investigation was aimed mainly to find out if, and to what 

extent, Ca is related to fruit firmness, rots, green color reten- 

tion, internal breakdown, SS%, titratable acids, and postharvest 

losses of this pear cultivar after prolonged storage. Another 

paper (45) deals with the relationship of fruit Ca with cork spot, 

a pear storage disorder equivalent to apple bitter pit. 
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Materials and Methods 

Three uniform and mature trees of D'Anjou pear (Pyrus com- 

munis L.) were selected in each of 10 orchards near Hood River, OR 

in 1983.  At the initial date of commercial harvest, when fruits 

were 100% mature, about 300 fruits/orchard (3 boxes) were har- 

vested, then stored in 20 kg cardboard boxes with perforated 

polyliners at -10C and 96% RH for 7 months.  Flesh firmness, 

chlorophyll content, soluble solids (SS) and titratable acids (TA) 

content were determined at harvest and at the end of storage when 

the incidence of rots and internal breakdown were also measured. 

Fruit firmness was also measured after 3 months in storage. 

Chlorophyll.  Chlorophyll measurements were used to express 

the green color retention of fruits throughout the storage time. 

Sixteen fruits were replicated in 4 subsamples.  Fifteen grams of 

fruit skin, taken longitudinally on opposite sides of each sub- 

sample was homogenized using a Brinkmann Polytron.  The chloro- 

phyll was extracted in 80% acetone and measured in a spectrophoto- 

meter according to modifications of the methods of Bruinsma (8) 

and MacKinney (26), and expressed as yg/g of peel tissue. 

Firmness.  Flesh firmness of fruit was determined by a UC- 

pressure tester (13) with an 8 mm plunger and 2 pared punches per 

fruit.  Forty fruits from each orchard were measured each sampling 

period, and the firmness read as kg, then expressed as Newtons (N 

= kg x 9.84. 

Titratable acids and soluble solids.  Four groups of 4 fruits 

from each orchard were sliced and juiced in a juicerator (Acme 
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Model 6001).  Titrable acids were determined on 25 ml of juice to 

pH 7.0 using 0.1 N NaOH and calculated as milliequivalent acids 

per 100 ml juice.  Soluble solids were measured by an ATAG0 NL-1 

hand refractometer and expressed as percent soluble solids. 

Internal breakdown and rots.  Fruits taken from storage were 

evaluated superficially for the incidence of rots then cut and 

observed for occurrence of internal breakdown (IB).  The per- 

centage was calculated from the ratio of fruits with IB or rot to 

the total number of fruits in the sample. 

Ca analysis.  Six fruits from each box were washed, then 

rinsed in distilled H.o. Axial sectors were cut in 4 pieces.  The 

pieces replicated in 3 subsamples, each containing 6 pear slices. 

Cores were removed prior to maceration.  Ca was extracted with 12 

N hydrochloric acid, filtered and analyzed on a fresh weight basis 

using an inductively coupled plasma emission spectrometer. 

Correlation analyses were performed according to the proce- 

dures of McClave and Dietrich (28). 
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Results and Discussion 

Flesh firmness.  Although the optimum maturity stage of Anjou 

pear fruits at harvest has been indicated by the flesh firmness of 

62.7 Newtons (N), especially if long-term storage is intended, the 

fruits harvested in the season 1983 were not always in that level 

(Fig. 7.1). High fruit Ca was firmer at harvest than lower fruit 

Ca.  However, factors other than Ca could be related to this 

difference.  The Ca effect is clearly evident in retaining the 

firmness of Anjou fruits after 3 months in storage (Fig. 7.2). 

There was a highly significant positive correlation (r=.91).  The 

higher the Ca content, the firmer were the fruits.  This effect 

was even more pronounced after 7 months at -10C, when there was 

also a highly significant positive correlation (r=.93) (Fig. 7.3). 

Fruits containing less than 2.8mgCa/100g F.W. were much too soft 

at the end of storage to be of commercial value.  Anjou pears are 

considered to be at the end of commercial storage life when they 

soften to a firmness of 44.8 N (38).  Thus according to our data, 

low Ca levels had limited the postharvest life of D'Anjou fruits. 

Low Ca leads to accentuated fruit softening, thereby shortening 

the storage potential.  Fruit with high Ca was still at 57.8 N, 

whereas low Ca fruit had dropped to 37.2 N demonstrating a loss in 

flesh firmness of 8.1 and 21.5 N respectively after 7 months in 

cold storage. We earlier (44) reported higher firmness values for 

Anjou pears after long-term storage in 1982.  However, the 1982 

fruit Ca levels were generally higher than for the fruits of the 

1983 season which were used in this study. 
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This positive effect of Ca on firmness retention is in agree- 

ment with previous reports on apples (2,4,31,32,33,41,43) and 

pears (1,44); but contrasts with some reports where Ca was found 

not be significantly related to apple firmness (5,6). 

The accentuated loss in flesh firmness of the low Ca fruit is 

most likely due to the breakdown of cell wall and cellular organi- 

zation (3,9,30), resulting in more rapid senescence of the tissues 

(27).  The loss in firmness of only 8.1 N after 7 months at -10C 

of high Ca fruit suggests the very important role of this element 

in maintaining the texture of the cells by interaction with pectin 

or by improving the integrity of the cell membranes and reducing 

their permeability (3,9,37).  Calcium may also increase fruit 

firmness by strengthening cell walls (1,30). 

Internal breakdown.  Despite scarce mention in the literature 

about the occurrence of the physiological disorder IB in Anjou 

pear fruits, considerable fruit losses were found after long-term 

storage (Fig. 7.4).  These losses varied from 1% to 16% and were 

also related to the level of Ca in the fruits.  Similar losses 

were reported before (44). 

Internal breakdown which is widely recognized as a symptom of 

low Ca in apples (2,6,32,34,40,42), was very prevalent in samples 

of Anjou fruit with low Ca.  There was a highly significant nega- 

tive correlation (r=-.86) between Ca and the incidence of IB in 

Anjou fruits.  Samples with increasing Ca concentrations had less 

breakdown after 7 months storage.  Breakdown fruits respired fast- 

er and softened at accelerated rates (shown in previous Chapters 5 
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and 6), thereby greatly shortening the potential storage life. 

Such fruits were of very low quality which could not ripen 

normally once transferred to a 20oC room. 

A study of fruit ultrastructural changes after harvest indi- 

cated that decreased Ca concentration in apple flesh, hastened 

fruit ripening (27).  Therefore, since Ca is related to IB and 

premature senescence of D'Anjou fruit tissues (45), for long-term 

storage one could select for fruits naturally high in Ca content. 

Thus, knowledge of the fruit Ca concentration would be highly 

desirable for segregating fruit lots for different storage 

strategies. 

Although the relationship of Ca to IB was demonstrated to be 

highly significant in the present study on pears as well as in 

previous reports for apples (2,6,34,36,40,42), the mechanism by 

which Ca prevents the development of IB in fruits is still not 

well characterized.  Accumulation of toxic volatiles, i.e., 

acetaldehyde and acetic acid, has been suggested as a causative 

factor of IB in apples (14,46).  However according to Bangerth, et 

al, (2) Ca inhibits IB by enhancing the uptake and compartmen- 

tation of substrates, particularly sorbitol.  He proposed that 

sorbitol and Ca play a more important role than volatiles in the 

development of IB in fruits (2).  More study in this subject is 

thus encouraged. 

Chlorophyll.  Green color retention of D'Anjou pear fruits 

after storage is also an important quality aspect which Ca seems 

to be affecting very closely.  This relationship was expressed by 
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a highly significant positive correlation (r=.87) after 7 months 

in storage (Fig. 7.5).  The Ca chlorophyll relationship was found 

to be not significant at harvest when all fruits were dark, green. 

When Ca was present in the fruits in low amounts (less than 3 

mg/lOOg F.W.) at the end of storage period, these fruits showed 

very intense yellow coloration measured by the actual amount of 

chlorophyll present, which was generally lower than 85 yg/g of 

peel tissue. High Ca fruit peel chlorophyll was 120 yg/g after 7 

months storage.  This accentuated loss of chlorophyll suggests the 

more advanced senescence of the fruit tissues. As the Ca concen- 

tration increases, green color was strongly retained in the fruit, 

resulting in much better appearance and improved quality leading 

to better marketable fruits.  Green color retention has been used 

before to express the effect of Ca on the postharvest quality of 

apples (41) and Anjou pear (44), both reported similar Ca effects 

and supports the present data. 

This relationship is explained indirectly since Ca has a 

direct influence in maintaining membrane integrity, delaying per- 

meability changes and delaying ultrastructural changes in fruit 

cells (21).  The effect of Ca on cell metabolism and structure not 

only confers great resistance to changes which precede softening, 

but also delays the general rate of senescence of the tissue (43), 

and consequently retains a greater proportion of chlorophyll 

originally present in the fruits. 

Rots.  The relationship of calcium with rots was very evident 

(Fig. 7.6), especially when one compares the two extremes of the 
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range.  There was a highly significant negative correlation be- 

tween Ca and the incidence of rotten fruits.  With increasing Ca 

concentration the frequencies of rot declined sharply.  At high 

concentration of Ca, there was a 19.5% reduction in the incidence 

of rot, mainly caused by Penicillium and Botrytis.  The lower the 

fruit Ca the higher the fruit rot, suggesting an indirect rela- 

tionship between this element and the susceptibility to pathogens. 

The results are in agreement to those found in apples (5,6,10,16, 

18) and in pears (44). 

The mechanism by which Ca retards fungal decay may be similar 

to the effect that Ca has on the mechanisms that delay ripening or 

senescence and softening of the fruit.  Ca is known to maintain 

cell wall integrity (3,30,39).  Since P. expansum produces enzymes 

that are related to cellular degradation leading to decay (17), 

Conway and Sams (16) suggested that Ca may maintain cell wall 

integrity by retarding fungal enzyme activity. 

Titratable acids and soluble solids.  The relationship of Ca 

to TA was expressed by the highly significant positive correlation 

(r=.84).  High Ca fruits retained higher levels of TA throughout 

the storage period, whereas those fruits where Ca was present in 

deficient levels (less than 3.0 mg/lOOg F.W.) exhibited very low 

amounts of TA.  Retention of acids in fruits is nearly always 

associated with prolonged storage life (23,24). At harvest, al- 

though TA levels were higher, they did not significantly relate to 

Ca. 
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Soluble solids in the present study were not found to be 

significantly related to Ca either at harvest or after storage. 

SS content in fruits remained about the same or only slightly 

increased during storage 

TA and SS contents are common indicators of fruit quality and 

storage life (1,2) which agrees with the present study.  Mel- 

lenthin and Wang (29) stated that Anjou pears with high acid and 

sugar content at harvest had better postharvest quality than those 

with low acid and sugar content.  This is in partial agreement to 

our data.  Higher levels are desired at harvest, but if Ca is 

present in deficient levels, the fruits did not maintain satis- 

factory TA levels throughout the storage period, rendering fruits 

of unacceptable quality. Fruits high in Ca and consequently high 

in TA content had delayed senescence as compared to those in the 

low Ca ranges, and quality after prolonged storage was much supe- 

rior.  The overall decrease in TA during the present fruit storage 

study agrees with previous reports (11,12,19,35).  Since TA is 

used up more rapidly in Ca deficient fruit tissues (Fig. 7.7) as 

the storage duration proceeds, and these fruits are known to be at 

an advanced senescence stage (Figs. 7.3, 7.5, and 7.6), Ca must be 

affecting the TA content indirectly via preservation of cell 

membrane integrity (3,30) or lower cell metabolic acitivities 

(45). 
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Figure 7.1 

D'Anjou pear fruit firmness at harvest relative to calcium 
concentration. 
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Figure 7.1 
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Figure 7.2 

Anjou pear 
to fruit Ca concentration. 
Anjou pear fruit firmness after 3' months -1 C storage relative 
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Figure 7.3 

^njou pear : 
to fruit Ca concentration. 
Anjou pear fruit firmness after 7 months -1 C storage relative 
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Figure 7.4 

Internal b: 
storage relative to fruit Ca concentration. 
Internal breakdown of Anjou pear fruits after 7 months -1 C 
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Figure  7.4 
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Figure 7.5 

Anjou pear 
storage in relation to fruit Ca concentration. 
Anjou pear peel chlorophyll concentration after 7 months -1 C 
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Figure 7.6 

Anjou pear : 
to fruit Ca concentration. 
Anjou pear storage decay incidence after 7 months -1 C relative 
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Figure 7.7 

Titratable acids retention of Anjou pears after 7 months at 
-1 C relative to fruit Ca. 
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Abstract 

D^Anjou pears were treated with 0, 3, 6, or 9% solutions of 

calcium chloride by dipping or vacuum infiltration techniques. 

Fruit calcium, flesh injury, and decay incidence for Penicillium 

expansum and Botrytis cinerea were monitored. For Penicillium 

studies three methods of inoculations were compared.  Fruit was 

exposed to a spore inoculum after dipping and both prior to and 

after vacuum (300 torr) infiltration.  Botrytis experiments were 

carried out concomitantly with 3 different vacuum levels, 100, 300 

and 500 torr.  Inoculated pear fruits were evaluated for decay 

incidence and fruit injury after storage for 8 mo. at -l.O'C and 

96% RH.  In general, the higher the fruit Ca the lower the percent- 

age of decay.  Vacuum infiltration was more efficient in moving Ca 
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into the fruits, but injured fruit flesh, with severity increasing 

with increasing vacuum.  The optimum treatment, which reduced 

incidence of decay by 40% with minimal fruit damage was dipping 

fruits in 6% CaCl„. 
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Introduction 

Postharvest losses of D'Anjou pears may range from 2 up to 60 

per cent (18, 19, 26).  Infection by fungal pathogens, especially 

Penicillium and Botrytis has caused considerable storage losses 

(3, 6, 26).  In a controlled experiment, Botrytis and Penicillium 

was reported to cause 15% and 7%, respectively, of storage decay 

(3).  The rotting of apple and pear tissue is associated with the 

loss of wall integrity (24), decreased fruit firmness (14), and 

reduced resistance to further attack of fungal organisms.  Calcium 

is known to maintain cell wall integrity (1, 16), and low Ca 

levels were reported in rot susceptible fruits (10).  The 

incidence of rots in apples (4, 7, 8) and pear (26) fruits has 

been suggested to be at least, partially related to calcium. 

Reductions in rot incidence have been achieved by both pre- 

harvest and postharvest application of calcium salts (23). Vacuum 

and pressure infiltration of CaCl2 have teen especially effective 

in getting Ca into the apple fruits (21, 22). Vacuum infiltra- 

tions have increased Ca in the fruit to about double the amount 

achieved with dipping treatments (8). Apples that were pressure 

infiltrated with CaCl2 had considerably less decay than nontreated 

fruits (7, 8). More recently a 40% reduction in decay caused by 

Penicillium in 'Red Delicious' apple was attained with CaCl- 

pressure infiltration (20). 

The objective of this study was to determine the effects of 

postharvest Ca treatments on decay caused by Botrytis cinerea and 
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Penicillium expansum on D'Anjou pear and to determine the optimum 

treatment method and concentration of CaCl» solution to use in 

postharvest treatment of the fruits. 
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Materials and Methods 

D'Anjou pears (Pyrus communis) were harvested from the Hood 

River Experiment Station, in Oregon, at optimum commercial matu- 

rity (60N) (13).  Pears were randomized and treated with calcium 

chloride (CaCl2 76%), made up as 0, 3, 6, and 9% solutions.  Two 

methods of treatment were used, vacuum infiltration and dipping. 

Vacuum infiltration was performed by exposing submerged 

fruits in CaC^ solutions to 4 minutes of vacuum; 1 minute to 

reach the desired negative pressure, 2 minutes at the desired 

vacuum and 1 minute from the time of pressure release until atmos- 

pheric equilibration.  Once at atmospheric pressure, the fruits 

were left for an additional minute in the solution after which 

they were rinsed with distilled water and left to drain for 1 hour 

before storage. 

The dipping treatment was performed by immersing fruits for 5 

minutes in a respective CaCl2 containing solution. After draining 

for 1 hour, fruits were placed in polyethylene lined cartons in 

storage rooms without being rinsed. 

Fruits were stored for 8 months at the usual commercial 

storage conditions for D'Anjou pear of -10C and 96% RH. 

Pathology portions of the study were divided into 2 parts, 

involving inoculation with either Botrytis cinerea or Penicillium 

expansum.  For the experiment with Botrytis, 3 different negative 

pressures were used for vacuum infiltration, 100, 300 and 500 

torr.  The Penicillium study involved 3 methods of inoculations. 
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For the first treatment, fruits were immersed in a respective 

CaCl  solution, exposed to vacuum (300 torr) then transferred to 

another solution containing Penicillium spores.  The second treat- 

ment had fruits dipped in CaCl2 solutions that contained 

Penicillium spores and were then submitted to vacuum (300 torr). 

In the third treatment, the fruits were exposed to a spore con- 

taining solution after dipping in the CaCl„ solution. 

Inoculations were performed by immersing the fruits for 30 

seconds into a conidial suspension (9.8 x 10 and 1.3 x 10 spores 

per milliliter for Botrytis and Penicillium, respectively) con- 

taining 0.3% Keltrol.  Following immersion, fruits were left to 

drain for 1 hour, then stored.  After 8 months of -10C storage, 

fruits were removed to a 20oC room, immediately evaluated for 

percentage incidence of rotten fruits due to Botrytis and re- 

evaluated 7 days later with regard to Penicillium infection.  All 

fruits were also evaluated for skin and flesh injury not asso- 

ciated with pathogenic fungi. Forty fruits were used in each of 

three replicates for all treatments. 

At the end of the experiments, 12 fruits from each treatment 

were analyzed for Ca content, following the method of Perring (17) 

with some minor modifications.  Axial sectors of the fruits were 

cut in 4 pieces.  The pieces replicated in 3 subsamples, each 

containing 12 fruit slices.  Cores were removed prior to macera- 

tion.  Ca was extracted with 12 N HC1, filtered and analyzed on a 

fresh weight basis using an inductively coupled plasma emission 

spectrometer. 
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Results 

There were significant differences in the amount of Ca 

moved into the pear fruits.  Fruit Ca increased with increasing 

concentration of CaC^ solutions and negative pressures (Table 

8.1).  Although there was no significant difference between 

dipping and vacuum treatments for control concentrations, at all 

other concentrations, vacuum treatments had higher fruit Ca 

content. 

D'Anjou pears inoculated with Botrytis showed an average 

postharvest loss of 14.5% after 8 months at -10C storage (Table 

8.2).  The CaCl2 treatments helped control Botrytis.  As the CaCl2 

concentration was increased from 0 up to 9%, the incidence of 

decay in the fruits decreased.  Vacuum infiltration also substan- 

tially reduced the incidence of rots due to Botrytis.  Although 

differences were most apparent at higher Ca concentrations, the 

incidence of decayed fruit decreased with increasing vacuum. 

There was no difference between vacuum treatments for control 

concentrations.  Consequently, the higher the CaCl. concentration 

and or the negative pressure, the better the control of the patho- 

gen, since more CaCl2 moves into the fruits. 

The incidence of Penicillium infection in fruits inoculated 

after CaC^ was vacuum infiltrated was significantly reduced from 

9.8% for the control treatment to as low as 2.8% (Table 8.3).  The 

reduction in decay being relatively greater in fruits infiltrated 

with 3% CaC^.  The greatest percentage of decayed fruits re- 

sulted when CaCl2 was mixed with Penicillium spores and then 
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vaccum infiltrated into the pear fruits.  Although there was no 

statistical significance between CaCl  concentration levels in the 

reduction of decayed fruits, all calcium treatments had signifi- 

cantly less decay than the control treatment.  Fruits dipped in 

CaCl- solution and subsequently dipped in solution containing 

spores of Penicillium presented decreasing incidence of decay with 

increasing calcium chloride concentration up to 6%. 

The beneficial effect of calcium in reducing the incidence 

of decay by Penicillium and Botrytis was masked in both cases by 

fruit damage caused by the vacuum infiltration (Table 8.4). Fruits 

vacuum infiltrated at 300 torr and 500 torr had severe pulp in- 

jury, represented by vacuole-like empty spaces in the fruit flesh, 

varying in sizes and number in the fruits.  At 100 torr, it still 

could be seen, although the lesion areas were much smaller than at 

300 or 500 torr vacuum.  Fruits with such disorders could not be 

marketed.  Skin injury due to CaCl2 was oniy noticed at concentra- 

tion of 9%. 

The optimum treatment in these tests was the dipping of 

fruits in 6% CaC^ solution, which showed a 40% reduction in the 

incidence of Penicillium expansum. 
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Discussion 

Calcium chloride reduced the incidence of rotten fruits 

caused by Penicillium and/or Botrytis.  The best control was 

attained with 9% CaCl2 when vacuum up to 500 torr of negative 

pressure infiltration was used.  As the vacuum pressure or Ca 

concentration increases, more Ca moves into the fruits, and re- 

duces the incidence of decay.  This is in agreement with previous 

reports for apples (2, 4, 7, 8) and pears (26).  When Penicillium 

spores were added to the CaCl2 solution then vacuum infiltrated 

into the fruits, the method proved efficient in moving Ca into the 

fruits, but it also moved the spores.  The greatest infection 

occurred under these conditions. 

Although more Ca could be added to D'Anjou pear with vacuum 

infiltration, it is harmful due to severe internal fruit injury. 

Unlike apple fruits, D'Anjou pear has different anatomical struc- 

ture (11).  The central core does not communicate freely with the 

pedicel opening and is not an avenue for gas exchange (25).  When 

applying vacuum, even at 100 torr pressure, resistance to gas 

diffusion is likely.  Since the symptoms resemble those caused by 

high CO2 accumulation as described by Hall and Scott (12), it is 

possible that infiltrating processes when coupled with decreased 

diffusion may cause high C02 accumulation in the fruit flesh, 

generating such cavities.  Dipping the fruits in CaCl_ solution 

did not move as much Ca into the fruits as vacuum treatments. 
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However, appreciable decay control was attained at 6% CaCl^ with- 

out flesh or skin injury. 

Calcium does not reduce fungal growth in vitro (9), sug- 

gesting the effect of calcium is indirect.  Infection of plants by 

microbial pathogens usually involved degradation of the cell wall 

and middle lamella of plants (2).  The enzymatic basis for this 

phenomenon has been established.  Pectolytic enzymes such as pec- 

tin esterase (PE) and polygalacturonase (PG) may be the major 

enzymes causing the breakdown of pectic substances in fruits 

inducing the subsequent softening (15) and decreased resistance to 

fungal pathogens (9). 

The activity of PE and PG has been inhibited by Ca in 

tomato fruits (27) reducing the rate of cell wall breakdown. 

Calcium was found to inhibit PG degradation of cell wall and 

middle lamellae during fruit ripening (5).  Therefore Ca may 

render higher cell wall integrity (1, 16) and according to Conway 

and Sams (7, 8, 9) increased resistance to enzymes  produced by 

fungal pathogens, slowing penetration of fungus and decreasing 

decay.  The mechanism by which Ca retards fungal decay may be 

similar to the mechanism that delays ripening or senescence of the 

fruit. 
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Table 8.1.  Effect of Ca concentration, dipping and vacuum infil- 
tration on the calcium concentration of D'Anjou pear 
fruits. 

CaCl2 
Treatment 0 

CaCl, 

3% 6% 9% 

dip 

vacuum 

100 

300 

500 

mg Ca/100 g + SD 

1.6 + 0.08   1.9 + 0.09   2.4 + 0.08 3.0 + 0.13 

1.8 + 0.10   2.1 + 0.11   2.5 + 0.11 3.1 + 0.17 

1.7'+ 0.08   2.3+0.08   2.8+0.13 3.5+0.19 

1.8 + 0.11   2.6 + 0.12   3.2 + 0.15 4.2 + 0.21 
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Table 8.2.  Effect of Ca concentration and vacuum infiltration on 
the percentage of decayed fruits inoculated with 
Botrytis cinerea. 

Vacuum 

torr CaCl2 (%)  Q 3% 6% 9% 

% Decay + SD 
14.1 + 2.4  10.2 + 0.5  8.4 + 0.5  6.8 + 0.5 100 

300 

500 

15.3 + 2.0  10.5 + 0.8  7.2 + 0.3  5.3 + 0.3 

14.5 + 2.8   8.8 + 0.6  6.0 + 0.7  4.5 + 0.4 
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Table 8.3.  Effect of Ca concentration and method of treatment 
on decay control caused by Penicillium expansum. 

CaCl2 + 

vacuum then 
spore 

CaCl2 
(%) 

CaCl2 + spore 
then vacuum 

CaCl2 dip 
then spore 

% Decay 

0 9.8 a 18.2 a 10.1 a 

3 5.8 b 12.4 b 8.7 b 

6 4.1 c 10.8 be 6.1 c 

9 2.8 d 11.5 bed 5.8 cd 

Mean separation in columns by Duncan's multiple range, 5% level. 
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Table 8.4.  Visual evaluation of fruit injury caused by CaCl- 
concentration and method of application. 

Method of treatment CaCl2 (%) o      3% 6% 9% 

Injury Ratings 

dip 0      0 0 1 

vacuum 

100 torr 2      2 2 3 

300 torr 3      3 3 4 

500 torr 4444 

, Rating:  0=no injury, l=very slight trace, 2=slight, 3=moderate, 
and 4=severe.  Values are means of 30 observations. 
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Chapter IX 

CONCLUSIONS 

In Newtown apples, fruit Ca, fruit weight and wt/Ca ratio 

accounted for the most consistent predictive factor. Bitter pit 

could be predicted 20 days before commercial harvest with about 

70% probability of certainty by using any of the equations: 

Total BP - 1.2084 - 3.1632 Ca + 0.0822 Wt 

Total BP = -7.3179 + 0.0756 Wt + 0.0177 Wt/Ca 

It appears that internal breakdown could be predicted from 

fruit sampling data 60 days before harvest. 

In D'Anjou pears, fruit Ca and the ratios wt/Ca and N/Ca 

accounted for the most consistent predictive tools. Cork spot 

could be predicted 40 days before harvest with an accuracy of more 

than 70% with the equation: 

Total CS = 18.0249 - 0.8585 Ca - 1.8036 N/Ca + 1.2918 Wt/Ca 

Respiration, ethylene evolution and internal C H, of fruits 

was affected with different Ca levels. Basically fruit Ca affects 

fruit respiration and ethylene evolution in three ways:  a) it 

alters the time needed in cold storage to initiate the climacteric 

response;  b) it affects the maximal rates of CO2 and C2H4 

produced;  and c) it shifts the time to reach the climacteric 

peak. 

The cold storage period, necessary to stimulate C2H4 

production in D'Anjou pear, was found to be closely correlated to 

fruit Ca levels. The lower the fruit Ca level, the shorter the 
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time required in storage to initiate C2H4 evolution and 

consequently fruit ripening. 

Calcium concentration in the fruits was also found to be 

highly correlated with fruit's flesh firmness, chlorophyll's fruit 

retention, titratable acidity and internal breakdown. 

Vacuum infiltration and dipping the fruits in CaCl2 solution 

proved to be satisfactory as a postharvest treatment in increasing 

fruit Ca concentration. High fruit Ca levels were associated with 

reduced incidence of rots.  Vacuum treatments were found to be 

unpractical for D'Anjou pear fruit, which resulted in considerable 

internal fruit injury. Dipping the fruits in 6% CaCl^ solution 

was effective in increasing fruit Ca with a 40% reduction in fruit 

infection by Penicillium. 

Fruits to be stored satisfactorily for long periods of time 

should have high amounts of Ca. Once fruit Ca concentration is 

known, it appears possible to estimate their storage potential for 

better storage management and handling, with resulting reduction 

in postharvest fruit losses. 



251 

Bibliography 

1. Abe,  K., K. Chacin and K. Ogata.    1980.    Chilling injury in 
eggplant fruit VI.    Relationship between storability and 
contents of phenolic compounds  in some eggplant cultivars. 
J. Japan Soc. Hort. Sci.    49:269-276. 

2. Abeles,   F.   B.     1973.     Ethylene  in Plant  Biology.     Academic 
Press,   New York. 

3. Adams,   D.   B.     1924.     Cool   storage  of   fruits.     J.  Agric.   Victoria 
22:577-590. 

4. Adams, D. 0. and S. F. Yang.    1976.    S-adenosylmethionine as the 
direct precursor of ethylene.     Plant Physiol.   57:51 
(abstr.) 

5. Adams, D. 0. and S. F. Yang.    1979.    Ethylene biosynthesis: 
Identification of 1-aminocyclopropane-l-carboxylic acid as 
an intermediate  in the conversion of methionine to 
ethylene.     Proc.   Natl.   Acad.   Sci.   USA  76:170-174. 

6. Agrios,   G.   N.     1978.     Plant Pathology.     Academic Press,  New 
York.     703 pp. 

7. Ahmed, A. and J. M. Labavitch.  1980. Cell wall metabolism in 
ripening fruit. I. Cell wall changes in ripening "Bartlett0 

pears.  Plant Physiol. 65:1009-1013. 

8. Al-Ani, A. M.  1978. Postharvest physiology of "Anjou0 pear 
fruit: relations between mineral nutrition and cork spot, 
respiration and ethylene evolution. Ph.D. Thesis, Oregon 
State University, Corvallis, Oregon. 

9. Ames, A.  1915.  The temperature relations of some fungi causing 
storage rots.  Phytopathology 5:11019. 

10. Anderson, J. D.. M. Lieberman and R. N. Stewart.  1979. Ethy- 
lene production by apple protoplasts. Plant Physiol. 
63:931-935. 

11. Anderson, J. D., A. Mattoo and M. Lieberman.  1982.  Induction 
of ethylene biosynthesis in tobacco leaf discs by cell wall 
digesting enzymes.  Biochem. Biophys. Res. Comm. 107:588- 
596. 

12. Apelbaum, A., A. C. Burgoon, J. D. Anderson, T. Solomos and M. 
Lieberman. 1981. Some characteristics of the system con- 
verting 1-aminocyclopropane-l-carboxylic acid to ethylene. 
Plant Physiol. 67:80-84. 



252 

13. Apelbaum, A. and S. F. Yang.  1981. Biosynthesis of stress 
ethylene induced by water deficit.  Plant Physiol. 68:594- 
596. 

14. Arnauld, Y.  1963.  Cytochemical studies on winter banana 
apples affected by bitter pit.  Compt. Rend. Agr. France. 
49:407-410. 

15. Arteca, R. N.  1982.  Influence of IAA, NAA and 2,4-D on ethy- 
lene production by potato discs (Solanum tuberosum L. 
cv. Red Pontiac). Amen. Pot. J. 59:267-274. 

16. Askew, H. 0.  1959.  Chemical investigations on bitter pit of 
apples. I. New Zealand Agr. Res. 2:1167-1186. 

17. Askew, H. 0.  1960.  Chemical investigations on bitter pit of 
apples. III. New Zealand Agr. Res. 3:169-178. 

18. Atkinson, D. A.  1974.  Some observations on the distribution of 
root activity in apple trees. Plant Soil 40:333-342. 

19. Baker, K. F. and F. D. Heald.  1934. An investigation of fac- 
tors affecting the incidence of lenticel infection of 
apples by PenciIlium expansum.  Bull. Wash. Agric. Expt. 
Sta. 298. 

20. Bangerth, F.  1970. Die Stippegkiet der Apfel ein noch immer 
ungelostes problem der Fruchtphysiologie.  Garten bauwiss. 
35:91-120. 

21. Bangerth, F.  1973.  Investigation upon Ca related physiological 
disorders.  Phytopathology 17:97-122. 

22. Bangerth, F.  1974. Antagonism between calcium and other ele- 
ments in the apple fruit.  Acta Horticulturae 45:49-52. 

23. Bangerth, F.  1974. The function of calcium in the cell and in 
the subcellular units of apple fruit. Acta Horticulturae 
45:43-47. 

24. Bangerth, F.  1979. Calcium-related physiological disorders of 
plants.  Ann. Rev. Phytopathol. 17:97-122. 

25. Bangerth, F., D. R. Dilley and D. H. Dewey.  1972. Effects of 
postharvest calcium treatments on internal breakdown and 
respiration of apple fruit. J. Amer. Soc. Hort. Sci. 
97(5):679-682. 



253 

26. Barber,   S. a., J. M. Walker and E. H. Vasey.     1963.     Mechanisms 
for the movement of plant nutrients  from the  soil   and 
fertilizer   to   the   plant   root.     J.  Agric.   Fd.   Chem.   11:204- 
207. 

27. Barnicoat,   C.   R.     1963.     Results   from foliar  spraying of minor 
elements   on  apple   trees.     Bienn.  Rep.   Cawthorn  inst.   1961- 
63,   pp.  29-30. 

28. Batjer, L. P. and J. R. Magness.    1939.    Nitrate movement in 
orchard  soils  in relation to  time of application.     Proc. 
Amer. Soc. Hort.  Sci. 36:49-50. 

29. Baxter,   P.     1960.     Bitter pit of apples:   effect of calcium 
sprays.     J.   Dep.   Agr.   Victoria   58:801-811. 

30. Beattie,   B.   B.   and  N.   L.   Outhread.     1970.     Benzimidazole   deriva- 
tions  as  post-harvest  fungicides to control  rotting of 
pears, cherries and apricots.    Aust. J. Exp. Agric. Anim, 
Husb.   10:651-656. 

31. Bell,   C.   W.   and  P.   Biddulph.     1963.     Trans location  of  calcium 
exchange versus mass  flow.     Plant Physio1.   38:610-614. 

32. Betts, H. A. and W. J. Bramlade.    1977.    Uptake of calcium by 
apples  from postharvest dips in calcium chloride  solution. 
J. Amer. Soc. Hort.  Sci.  102:785-788. 

33. Beyers,   E.     1982.     Control  of bitter pit  in  apples.     Deciduous 
Fruit   Grower   12:281-285. 

34. Beyers,   E.   and P.  J.  Dempers.     1967.     Calcium sprays   in  apple 
orchards.     Decid.   Fruit   Gr.    17:49-58. 

35. Beyers, E. and L. Ginsburg.    1961.    A remedy for bitter pit  in 
apples.     Decid.   Fruit.   Gr.    11:278-280. 

36. Boiler, T., R. C. Herner and H. Kende.    1979.    Assay for an 
enzymatic  formation of an ethylene precursor,   1-aminocyclo- 
propane-1-carboxylic   acid.      Planta   145:293-303. 

37. Boiler,   T.   and H.  Kende.     1980.     Regulation of wound ethylene 
synthesis   in plants.     Nature   286:259-260. 

38. Boon,   J.   V.     1973.     Influence of K/Ca ratio  and drought  on 
physiological   disorders   in  tomato.     Neth.   J.   Agric.   Sci. 
21:56-67. 

39. Boulay,   H.   and C.   LeBlond.     1963.     Etude  comparative des   fruits 
ensaches.      Arboric   Fruit   10:31-32. 



254 

40. Bould,   C.   and J.   Tolhurst.     1951.     A note  on boron  in relation 
to  bitter  pit   in  apples.     Ann.   Rev.  Long  Ashton  Agr.   Hort. 
Res. Sta. 1950:54-56. 

41. Boyton, D. and J. C. Cain.    1942.    A survey of the relationship 
between  leaf nitrogen,   fruit color,   leaf color and percent 
of  full   crop  in  some New York Mclntosh apple orchards. 
Proc. Amer. Sci. Hort. Sci.  10:19-22. 

42. Boyton,   D.   and G.  H.  Oberly.     1966.   Temperate   to  tropical   fruit 
nutrition.    (Ed. by N. F. Childers).    Somerset Press, 
Somerville,   New Jersey,   pp.  489-503. 

43. Bradfield,  E.  G.     1976.     Calcium complexes   in  the xylem  sap  of 
apple   shoots.     Plant Soil  44:495-499. 

44. Bradford, K. J. and S. F. Yang.    1980.    Xylem transport of 1- 
aminocyclopropane-1-carboxylic acid, and Ethylene precur- 
sor,   in waterlogged plants.     Plant Physiol.   65:322-326. 

45. Bramlage,   W.   J.     1983.     Measuring fruit  firmness with a penetro- 
meter.    Postharvest Pomology Newsletter,  August,  Vol.  1, 
No.   3,   23  pp. 

46. Bramlage, W. J., M. Drake and J. H. Barker.    1973.    Influence of 
calcium content on the postharvest behavior of "Baldwin0 

apples.     HortScience   8:255. 

47. Bramlage, W. J., M. Drake and J. H. Baker.     1974.    Relationship 
of calcium content  to respiration and postharvest condi- 
tions of apples.    J. Amer. Soc. Hort. Sci. 99(4):376-378. 

48. Bramlage, W. J., M. Drake    and W. J. Lord.    1980.    The influence 
of mineral nutrition on the quality and storage performance 
of  pome   fruits  grown  in North America.     In:   D.  Atkinson,   J. 
E. Jacson, R. 0. Sharpies and W. M. Waller (eds.). Mineral 
Nurtition  of Fruit Trees.     Butterworths,   London-Boston. 

49. Bramlage, W. J. and A. H. Thompson.    1963.    Effects of repeated 
boron  sprays  on maturity and  storage   life of Jonathan 
apples,   and on carbohydrate changes  and enzyme activity  in 
the   fruits.     Univ.   of Maryland Agric.   Expt.   Sta.   Bull.  A- 
129. 

50. Bramlage,  W. J., W. Drake,  S. A. Weis and C. A. Marmo.    1983. 
The effect of mineral nutrition on keeping quality of 
Mclntosh  apples  being  grown  in  Massachusetts.     Proc.  Annual 
Meeting,   Mass,   Fruit Growers  Assoc. 



255 

51. Brooks, C.  1909.  Some apple diseases - fruit pit.  New 
Hampshire Agr. Expt. Sta. Bull. 144, p. 119. 

52. Brooks, C, J. S. Cooley and D. F. Fisher.  1920. Diseases of 
apple in storage. USDA Agric. Farms Bull. 1160:24. 

53. Brooks, C. and D. F. Fisher.  1918.  Irrigation experiments on 
apple spot diseases.  J. Agric. Res. 12:109-137. 

54. Brown, J. W.  1926.  Chemical studies in the physiology of 
apples. V. Methods of ash analysis and the effect of 
environment on the mineral constitution of the apple.  Ann. 
Bot. 40:129-147. 

55. Buchloch, G., P. Baxter and J. Newbeller.  1961.  Zur Atiologie 
der Stippigkeit von Apfelfurchten, II.  Angew. Bot. 35:259- 
262. 

56. Bunemann, G.  1959.  Zusammenkange Zwischen stickstoff und 
Kationengeholt und autreten von stippigkeit bei appfelm 
verschiedener sorten und kerkunfte. Gartenbauwiss. 24:330- 
333. 

57. Bunemann, G.  1961.  Bitter pit research on the basis of the 
nutrient hypothesis.  Bull. Inst. Intern. Froid, Annexe 
1:145-154. 

58. Bunemann, G.  1965.  Die fauchtqualitat beim apfel in abhangeg- 
keit von der nahrstoffzufuhr. II. Versuche zur kationen-und 
stickstoffversorgung und ihren qualitatsbeeinflussung. 
Gartenbauwiss. 30:3-44. 

59. Bunemann, G.  1972.  Annotated bibliography on bitter pit of 
apples.  Abteibung publikationen. Berlin. 170 pp. 

60. Burchill, R. T. and K. L. Edney. 1963. The control of Gloros- 
porium album rot of stored apples by orchard sprays which 
reduce sporulation of wood infections.  Ann. Appl. Biol. 
15:379-387. 

61. Burg, S. P. and E. A. Burg. 1965. Ethylene action and ripening 
of fruit.  Science 148:1190-1196. 

62. Burstrom, H. G.  1968.  Calcium and plant growth.  Biol. Rev. 
43:287-316. 

63. Burton,   C.  L.    1979.    Evaluation of fungicide for controlling 
postharvest benomyl-tolerant and sensitive  life of d"Anjou 
pears.     J.  Amer.   Soc.  Hort.   Sci.   106(1):38-41. 



256 

64. Cameron,   A.   C,   C.   A.  L.  Fenton,  Y.  Yu,  D.  0.  Adams  and  S.  F. 
Yang.     Increased production of ethylene by plant  tissues 
treated with  1-amino-cyclopropane-l-carboxylic  acid.    Hort- 
Science 14:178-180. 

65. Carne,   W.   M.     1948.     The non-parisitic  disorders  of  apple  fruits 
in Australia.     C.S.I.R. Bull.  238,  p.  83. 

66. Carne,   W.   M.   and  D.   Martin.     1935.     Breakdown  in Tasmanian 
apples.    J. Coun. Sci. Industr. Res. Aust.  8:265-270. 

67. Chace,   W.   G.,   Jr.     1962.     Some   factors  affecting  controlled 
atmosphere  storage disorders  of  Jonathan  apples.     Diss. 
Abstr.   22:41-37. 

68,.     Chen,  P.   M.   and W.   M.   Mellenthin.     1981.     Effects  of harvest 
date  on ripening  capacity  and  postharvest   life  of 0d0Anjou0 

pears.    J. Amer.  Soc. Hort. Sci.  106:38-42. 

69. Chen,  P.   M.   and W.  M.  Mellenthin.     1982.     Maturity,   chilling 
requirement   and   dessert   quality   of  0d0Anjou0  and  0Bosc0 

pears.     The Third International  Symposium for Pear Growing. 
Acta Hort.   124:203-210. 

70. Chen,  P. M., W. M. Mellenthin and S. B. Kelly.    1983.    Fruit 
qualities of 0Bosc0 pears  stored  in  low oxygen or  air  as 
influenced  by  maturity.      Scientia  Hort.    21:45-52. 

71. Chen,  P. M., D. G. Richardson and W. M. Mellenthin.    1982. 
Differences in biochemical composition between "Beurre 
d0Anjou0 and "Bosc0 pears during fruit development and 
storage.    J. Amer. Soc. Hort. Sci. 107(5):807-812. 

72. Chen,  P. M., R. A. Spotts and W. M. Mellenthin.    1981.    Stem and 
decay  and  quality  of   low oxygen  stored   'd0Anjou0 pears.     J. 
Amer. Soc. Hort. Sci. 106:695-698. 

73. Cheung,   W.  Y.     1980.     Calmodulin plays a pivotal  role  in cellu- 
lar  regulation.     Science  207:19-27. 

74. Chittenden,   E.   T.     1964.     Further  investigations  with  calcium 
nitrate on apple trees.    Orchard, N.Z. 37, 401. 

75. Clarkson, D. T. and J. B. hanson.     1980.    The mineral nutrition 
of  higher  plants.     Ann.   Rev.   Plant  Physiol.   31:239-298. 

76. Clarkson,   D.   T.   and  J.   Snaderson.     1978.     Sites  of  absorption 
and translocation of iron in bailey roots. Tracer and 
tnicro-autoradiographic   studies.      Plant   Physiol.   61:731-736. 



257 

77. Clijsters,   H.     1965.     Malic  acid metabolism and initiation of 
the   internal   breakdown  in "Jonathan"  apples.     Physio 1. 
Plantarum 18:85-94. 

78. Clinton,   G.   B.     1903.     Baldwin  spot.     Connecticut Expt.   Sta. 
Rep. 1903:302. 

"79.     Cobb,  N.  A.     1895.     Bitter  pit  of  apples  .     Agric. Gaz. N.  S. W. 
6:859-861. 

80. Cole,  J.   S.     1956.     The  pathogenicity  of Botrytis  cinerea,   Scle- 
rotinia fructigma and Sclerotinia laxa with special refer- 
ence to the part played by pectolutic enzymes. Ann. Bot., 
London,  20:15-38. 

81. Cole,   M. and R. K. S. Wood.    1961.    Pectic enzymes and phenolic 
substances   in  apple  rotted  by   fungi.     Ann.   Bot.   25:435-452. 

82. Cole,   M. and R. K. S. Wood.    1961.    Types of rot, rate of rot- 
ting and analysis of pectic sybstances in apples rotted by 
fungi.    Ann. Bot. 25:417-434. 

83. Colhoun,   J.     1938.     Fungi causing rots of apple  fruits  in stor- 
age   in Northern Ireland.     Ann.   Appl.   Biol.   15:88-99. 

84. Conway,   W.   S.     1982.     Effect of postharvest calcium treatment  on 
decay of delicious  apples.     Plant Dis.   66:402-403. 

85. Conway, W. S. and C. E. Sams.    1983.    Calcium infiltration of 
Golden Delicious  apples  and  its effect on decay.    Phyto- 
pathology 73(7):1068-1071. 

86. Corneliessen,   M.     1964.     Reflexions a propos  du bitter pit. 
Congr.   Pom.   Soc.   France,   Bordeaux  1963,   pp.   96-102  (Hort 
Abstr. 35:5212, 1965). 

87. Craig,  J.     1897.    A dry rot of apples.     Can. Exp. Farm. Rep. 
1897:171-172. 

88. DeLong,   W.   A.     1936.     Calcium and boron contents  of  the  apple 
fruit as related to the  incidence  of blotchy  cork.     Plant 
Physiol.   12:593-556. 

89. DeLong,   W.   A.     1937.     Calcium and boron related  to blotchy cork. 
Plant   Physiol.   12:552-556. 

90. Dewey,  D.  H.     1972.     Improving the internal quality of Jonathan 
apples.    Mich. State Univ. Hort. Dept. Reprt., 3 pp. 



258 

91. Dickinson,   D.  B.     1967.     Permeability  and  respiratory  properties 
of  germinating  pollen.     Physiol.   Plant.   20:118-127. 

92. Dixon,  B., G. R. Sagar and V. M. Shorracks.     1973.    Effect of 
calcium and boron on the  incidence of tree and storage pit 
in apples  of  the cultivar Egremont Russet.     J.   Hort.   Sci. 
48:403-411. 

93. Doesburg,   J.   J.     1961.     Some notes  on development  and maturation 
of  fruits  in relation to  their suitability  for storage. 
Bull.   Lust.   Froid Annexe,   pp.   29-34. 

94. Dooley,   L.   B.     1982.     The effect of calcium and ethylene  inter- 
actions  on  the  storage breakdown of Jonathan apples.     Proc. 
Int. Soc. Hort.  Sci.  1:1223. 

95. Dornbusch,   J.     1961.     Some notes  on development  and maturation 
of  fruits   in relation to  their suitability for    storage. 
Bull.   Inst.   Intern.   Froid,   Annexe  1:29-34. 

96. Drake,   M.     1966.    Bitter pit as related to calcium  levels   in 
Baldwin  apple   fruit  and   leaves.     Proc.  Amer.   Soc.  Hort. 
Sci. 89:23-29. 

97. Drake, M., W. J. Bramlage and J. H. Baker.    1974.    Correlations 
of calcium content of "Baldwin" apples with  leaf calcium, 
tree yield,   and occurrences of physiological disorders and 
decay.    J. Amer. Soc. Hort. Sci. 99(4):379-380. 

98. Dunlop, D. B. and A. H. Thompson.    1959.    Effect of boron 
sprays on the development of bitter pit  in the "York Imper- 
ial"  apple.     Maryland Agr,   Expt.   Sta.  Bull.  A-102. 

99. Eckert, J. W. and N. F. Sommer.    1967.    Control of diseases of 
fruit and vegetable by postharvest  treatment.     Ann.  Rev. 
Phytopathol. 5:391-432. 

100. Edney,   K.   L.   1958.     Observations   on  the   infection  of  Cox0s 
Orange Pippin apples by Glaeosporium perennans, Zeller and 
Childs.     Ann.   Appl.   Biol.   46:622-629. 

101. Edney,   K.  L.     1964.     A comparison of  the production of  extra- 
cellular enzymes and rotting of apples by "peziculla alba 
and  P^ malicorticis.     Trans.   Brit.   Mycol.   Soc.   47:215-225. 

102. Enoch,   S.   and  Z.   Glinka.    1983.    Turgor-dependent membrane 
permeability in relation to calcium level.    Physiol. Plant. 
59:203-207. 



259 

103. Evensen,   K.   B.     1984.     Calcium effects  on ethylene  and ethane 
production and 1-aminocyclopropane-l-caboxylic acid content 
in potato  disks.     Physiol.   Plant.   60:125-128. 

104. Fallahi,  E.     1983.    Rootstock,  K,   and N fertilizer  effects   in a 
high-density orchard on seasonal mineral  elements,   endo- 
genous  ethylene,   maturation and  storage quality of "Stark- 
spur  Golden Delicious0 apples.     Ph.D.  Thesis,   Oregon State 
University, Corvallis, Oregon. 

105. Fallahi,   E.   and T.  L.   Righetti.     1984.     Development of optimum 
fruit and leaf mineral  standards for storage quality fetors 
in "Starkspur  Golden Delicious0 apples.     J.   Amer.   Soc. 
Hort. Sci. (in review). 

106. Farmer,   J.   B.     1907.     Bitter  pit   in  cape  apples.     Kew Bull. 
Misc. Inf. 6:250. 

107. Faust,  M.  1971.    Factors  affecting  calcium  levels  of  economic- 
ally important parts of plants.    A guide to the use of 
calcium nitrate  for crop production.    Distributed by Wilson 
and Geo. Meyer and Co. 

108. Faust,   M.     1975.    The role of calcium in the respiratory 
mechanism and  senescence of apples.    Colloques Int.  du CNRS 
No.  238,  pp. 87-92. 

109. Faust,   M.   and  C.   B.   Shear.     1968.     Corking disorders  of  apples: 
A. physiological  and biochemical  review.     Bot. Rev.   34:441- 
469. 

110. Faust,   M.   and  C.   B.   Shear.     1969.     Biochemical   changes   during 
the  development  of  cork  spot  of apples.    Qual. Plant  Mater. 
Veg.  XIX (103):295-265. 

111. Faust, M. and C. B. Shear.    1972.    The effect of calcium on 
respiration of apples.    J. Amer. Soc. Hort. Sci. 97(4):437- 
439. 

112. Faust,   M.   and  C.   B.   Shear.     1973.     Accumulation   and   trans loca- 
tion of nutrients  and regulators  in plant organisms.    War- 
saw,  pp. 423-431. 

113. Faust,   M.   and  C.   B.   Shear.     1973.     Calcium  trans location  pat- 
terns   in  apples.     Proc.   Res.   Inst.   Porno 1.   Skierniewicz, 
Poland.  3:423-436. 

114. Faust,  M., C. B. Shear and C. B. Smith.     1968.    Biochemical 
changes   during   the  development  of  cork   spot  of  "York 
Imperial" apples.    Proc. Amer. Soc. Hort. Sci. 93:746-752. 



260 

115. Faust,  M.,  C. B. Shear and C. B. Smith.    1968.    Investigations 
of corking disorders of apples. II. Proc. Amer. Soc. Hort. 
Sci. 92:82-88. 

116. Faust,  M.,  C. G.  Shear and M. W. Williams.   .1969.    Disorders of 
carbohydrate  metabolism of  apples.     Bot.   Rev.   35:169-194. 

117. Ferguson,   I.   B.     1978.     Radial  movement  of  calcium and magnes- 
ium to  the xylem  in roots  of  Zea mays.     Aust.   J.   Plant 
Physiol.  5:433-442. 

118. Ferguson,   I.   B.     1980.     The uptake and  transport of calcium in 
the  fruit  tree.     In:   Mineral Nutrition of Fruit Trees,   D. 
Atkinson, J. E. Jackson, R. 0. Sharpies and W. M. Waller 
(eds.).     Butterworths,   London-Boston,   pp.    183-192. 

119. Ferguson,  I. B. and D. T. Clarkson.    1975.    Ion transport and 
endodermal   suberization  in  the  roots  of  Zea mays.     New 
Phytol.   75:69-79. 

120. Feucht,   W.   and  C.   Valdis.     1964.     Intersuchungen an  stippegen 
apflen.     Mitt Klostemeuberg   14:233-241. 

121. Fidler, J. C. and C. J. North.    1965.    The storage of confer- 
ence pears.     A.   R.   Ditton and Covent Garden Labs  for  1964- 
65,  pp.  15-16. 

122. Fidler, J. C,  B. G. Wilkinson, K. L. Edney and R. 0. Sharpies. 
1973.    The biology of apple and pear storage.    Commonwealth 
Agr. Bureaus. 1st edition, p. 235. 

123. Frenkel,   C.   and R.  Dyck.     1972.     Auxin  inhibition  of   ripening 
in  Bartlett  pears.     Plant Physiol.   51:6-9. 

124. Frenkel,   C,   I.  Klein and D.  R.  Dilley.     1968.     Protein   synthe- 
sis     in relation to ripening of porno  fruits.    Plant Phy- 
siol. 43:1146-1153. 

125. Fuller,   M.   M.     1976.     The  ultrastructure  of   the  outer  tissues 
of cold-stored apple  fruits of high and  low calcium content 
in relation to cell  breakdown.    Ann.  Apple Biol.  83:299- 
304. 

126. Fukuda,   H.     1972.     Effects  of  calcium sprays  on physiological 
disorders   of   "Jonathan0   apples.     I.     "Jonathan0  breakdown. 
J. Jap.  Soc. Hort.  Sci. 41:11-16. 



261 

127. Fukumoto,   M.   and  K.  Nagai.     1983.     Possible  roles  of  calcium 
and ammonium in  the  development  of bitter pit  in apple. 
Physiol.   Plant.   59:171-176. 

128. Gallagher,  R. N., H. F. Perkins and J. B. Jones, Jr.     1975. 
Calcium concentration and  distribution in healthy and de- 
clining peach  tree  tissue.     HortScience   10:134-137. 

129. Garman,   P.   and  W.   T.   Mathis.     1956.     Studies   of  mineral   balance 
as  related to  the occurrence of "Baldwin"  spot   in Connecti- 
cut.     Conn. Agric.  Expt. Sta. Bull. 601. 

130. Geijn,  S. C. Van Den and C. M. Petit.     1979.     Transport of 
divalent  cations.     Plant Physiol.     64:954-958. 

131. Gerard,  C. J. and B. W. Hipp.     1968.    Blossom-end rot of 
"Chico0 and "Chico Grande0 tomatoes.    Proc. Amer. Soc. 
Hort. Sci. 93:521-531. 

132. Ginsburg,   L.   and  E.  Beyers.     1963.     Bitter  pit  can be  reduced 
to a minimum by present  techniques.     Deciduous  Gruit 
Growers  13:236-242. 

133. Goodwin,   T.  W.     1976.     Chemistry  and biochemistry  of  plant 
pigments.     Vol.   1,   Academic Press,  London,   870  pp. 

134. Gorini,   F.   L.     1963.     Individuazione del  grado de maturita di 
raccolta nella mela "Gravenstein".     Frutticoltura 29:429- 
440. 

135. Gorini,   F.  L.     1963.     Concimcezione  diagnostica   fogliare  e 
conservabilita delle mele.    Progr. Agr.  Bologna 9:1073- 
1079. 

136. Gross, K. C. and S. J. Wallner.    1979.    Degradation of cell 
wall polysacharides during tomato fruit ripening.    Plant 
Physiol.  63:117-120. 

137. Hall,   E.  G.   and K.   M.   Cellier.     1966.     Cool   storage of       Granny 
Smith and Delicious  apples  grown  in New South Wales.     I. 
Storage  temperature  and   fruit   size.     Tech.   Pap.   CSIRO  Div. 
Fd. Press 31. 

138. Hall,   W.   C.   and  P.  W.   Morgan.     1964.     Auxin-ethylene   interrela- 
tionships. In: Nitsch, ed. Regulators Nature Is de la 
croissance vegetale. Centre National de la Recherche 
Scientifique,   pp.   727-245. 

139. Hall.  E. G.  and K. J.  Scott.   1977.     Storage  and market 
diseases of fruits.     CSIRO,. p.  52. 



262 

140. Haller,   M.  H.   and  J.   R.   Magness.     1944.     Picking maturity  of 
apples.     USDA Circular   711. 

141. Hansen,   E.     1966.     Postharvest  phyysiology  of   fruits.     Ann. 
Rev.  Plant Physiol.   17:459-480. 

142. Hansen,   E.   and  G.   D.   Blanpied.     1968.     Ethylene   induced  ripen- 
ing of pears  in relation  to maturity  and   length of  treat- 
ment.     Proc. Ann. Amer.  Soc. Hort. Sci. 93:807-812. 

143. Hansen,  E.  and W.  M.   Mellenthin.     1979.     Commercial   handling 
and storage practices  for winter pears.     Special Report 
550, Agr. Expt. Sta. Oregon State Univ. 

144. Hanson,   J.   B.     1983.     The roles  of calcium in plant growth. 
In: Current topics in plant biochemistry and physiology, D. 
D. Randall, D. G. Bienus and R. Larsonleds (eds.), Univ. of 
Missouri,   Columbia,   pp.   1-14. 

145. Haunnet,   L.  K.,  H.  J.  Kirk,  H.  G.  Todd  and  S.  A.  Hale. 
1977.    Association between soluble solids/acid content  and 
days   from  full   bloom of "Golden Delicious" apple  fruits.     J. 
Amer. Soc. Hort. Sci.  102(4):429-431. 

146. Hardenburg, R. E. and R. E. Anderson.    1977.    Softening and 
breakdown of "Stayman" apples  reduced   in air  and CA storage 
by postharvest dip in calcium chloride solutions.    Hort- 
Science  12:387. 

147. Hardenburg,   R.   E.   and R.   E.   Anderson.     1981.     Keeping qualities 
of "Stayman" and "Delicious" apples treated with calcium 
chloride, scold inhibitor and other chemicals. J. Amer. 
Soc. Hort. Sci.  106(16) :776-779. 

148. Hard, T., T. Tanaka, Y. Sonoda and I. Ivai.    1977.    Intracellu- 
lar distribution of calcium and magnesium in mature cabbage 
leaves as affected by their nutrient status. J. Japan Soc. 
Hort. Sci. 46:26-31. 

149. Harvey,   J.   M.     1978.     Reduction of   losses   in  fresh market 
fruits   and   vegetables.     Ann.   Rev.   Phytopathol.   16:321-341. 

150. Head,   G.   C.      1967.     Erfect of  seasonal  changes   in shoot  growth 
on  the  amount  of unsuberized  root  on apple  and plum tree. 
J. Hort.  Sci. 42:169-180. 

151. Heweston,   F.   N.     1965.     The  effects  of  boron,   calcium,   hormones 
and fertilizers on the incidence of York spot. Penn. Fruit 
News  44:13-15. 



263 

152. Hilkenbaumer, F.  1966.  Calcium uptake and content in apple 
fruits. Proc. 17th Int. Hort. Congr. Vol. 1:158. 

153. Hilkenbaumer, F., G. Buchloch and A. Zachariae.  1960.  Zur 
atiologie der stippigkeit von Apfelfruchten. I. Angew. Bot. 
34:38-45. 

154. Hoff, E., G. E. Wilcox and C. M. Jones. 1974. The effect of 
nitrate and ammonium nitrogen on the free aminoacid com- 
position of tomato plants and tomato juice.  J. Amer. Soc. 
Hort. Sci. 99:27-30. 

155. Hoffman, N. E. and S. F. Yang. 1980. Changes of 1-aminocyclo- 
propane-1-carboxylic acid content in ripening fruits in 
relation to their ethylene production rates. J. Amer. Soc. 
Hort. Sci. 105:492-495. 

156. Holland, D. A.  1980. The prediction of bitter pit.  In: 
Mineral Nutrition of Fruit Trees, D. Atkinson, J. E. 
Jackson, R. 0. Sharpies and W. M. Waller (eds.), Butter- 
worths, London-Boston, pp. 380-383. 

157. Hopping, M. E.  1976.  Structure and development of fruit and 
seeds in Chinese gooseberry (Actinidia chinensis).  N. Z. 
J. Bot. 14:63-68. 

158. Hyodo, H. and K. Tanaka.  1982.  Inhibition of ethylene produc- 
tion by fatty acids in fruits and vegetable tissues. Plant 
and Cell Physiol. 23:1237-1243. 

159. Hyodo, H., K. Tanaka and K. Watanabe.  1983.  Wound-induced 
ethylene production and 1-aminocyclo'propane-l-carboxylic 
acid synthase in mesocarp tissue of winter squash fruit. 
Plant and Cell Physiol. 24(6):963-969. 

160. Isermann, K.  1970.  The effect of adsorption processes in the 
xylem on the calcium distribution in higher plants. 2. 
Pflanzenernahr.  Bodenk.  126,191-203. 

161. Jackson, D. I.  1961.  Bitter pit reduced by calcium nitrate. 
Orchard 34:215-218. 

162. Jackson, D. I.  1962.  The effects of calcium and other 
materials on incidence of bitter pit in Cox0s Orange 
apples.  New Zealand Agr. Res. 5:302-309. 

163. Jackson, H. S.  1913.  Diseases of pomaceOus fruits.  Fruit 
Pit.  Oregon Crop Pest and Hort. Bienn. Reprt. 1911- 
1912:234-236. 



264 

164. Jackson, J. E., J. W. Palmer, M. A. Perring and R. 0. Sharpies. 
1977.  Effects of shade on the growth and cropping of apple 
trees.  III.  Effects on fruit growth, chemical composition 
and quality at harvest and after storage.  J. Hort. Sci. 
52:267-232. 

165. Jager, G.  1869.  Uber das Pelzig oder stippigwerden der Ker- 
nobstfruit.  Monatshefte fur Obst, V. Weinbau, pp. 318-319. 

166. Jakobsen, S. T.  1979.  Interaction between phosphate and cal- 
cium in nutrient uptake by plant roots.  Commun. Soil Sci. 
PI. Analy. 10:141-152. 

167. Johnson, D. S.  1977.  The effect of boron sprays on the stor- 
age quality of Cox0s Orange Pippin apples.  Rep. E. Mailing 
Res. Sta. for 1976, p. 88. 

168. Johnson, D. S.  1979.  Postharvest chemical treatments for the 
control of apple storage disorders.  Rep. E. Mailing Res. 
Sta. for 1978, pp. 217-219. 

169. Johnson, D. S.  1979. New techniques in the postharvest 
treatment of apple fruits with calcium salt.  Commun. 
Soil. Sci and PI. Analy. 10:373-382. 

170. Johnson, D. S. 1980.  Influence of phosphorus sprays on the 
storage quality of apples.  In: D. Atkinson, J. E. Jackson, 
R. 0. Sharpies and W. M. Waler (eds.). Mineral Nurtrition 
of Fruit Trees, Butterworths, London-Boston, pp. 

171. Johnson, D. S.  1982. Effects of surfactants, oils and thick- 
ness on the effectiveness of apostharvest calcium treatment 
of apples. Proc. Int. Soc. Hort. Sci. 1:1221. 

172. Johnson, D. S. and N. Yogaratnam. 1978. The effects of phos- 
phorus sprays on the mineral composition and storage 
quality of Cox<,s Orange Pippin apples.  J. Hort. Sci. 
53:171-178. 

173. Jones, L. R.  1891.  A spot disease of the Baldwin apple. 
Vermont Agr. Expt. Sta. Rep. 5:133-1341 

174. Jones, 0. P.  1976.  Effect of dwarfing interstocks on xylem 
sap composition in apple trees: effect on nitrogen, potas- 
sium, phosphorus, calcium and magnesium content. Ann. Bot. 
40:1231-1235. 

175. Jones, R. G. W. and 0. R. Lunt.  1970.  The function of calcium 
in plants.  Bot. Rev. 35:407-426. 



265 

176. Jones,  R.,  G.  Wyn and 0. R. Lunt.     1970.    The  function of 
calcium  in plants.     Bot.   Rev.   26:407-423. 

177. Kende,   H.   and T.   Boiler.     1981.     Wound  ethyl ene  and  1-amino- 
cyclopropane-1-carboxylate synthase in ripening tomato 
fruit.     Planta   151:476-481. 

178. Kende, H. and A. D. Hanson.    1975.    The regulation of aging by 
ethylene  in excised flower tissue of Ipomea tricolor.  Plant 
Physiol. 56:64 (Abstr.). 

179. Kenworthy,   A.   L.     1965.     Fruit   tree  responses   to  different 
forms  of nitrogen  fertilizer  and  times  of  application. 
Mich.   St.  Hort.   Soc. A.  Rep.  95:75-80. 

180. Kepka,   M.     1964.     Induced cork spot and bitter pit   in  the 
Richard Delicious apple as related to nutrient levels of 
potassium,   calcium,   magnesium and  boron.     Diss.   Abstr. 
25:2150-2151. 

181. Kidd,  M. N. and B. A. Beaumont.    1924.    Apple rot fungi in 
storage.     Trans.   Brit.   Mycol.   Soc.   10:98-118. 

182. Kidd,  F.  and C. West.     1922. Rep. Rd.  Invest. Bd.  for 1921, 
p.   5. 

183. Kidd,   F.   and  C.   West.     1928.     Two   types  of  storage   internal 
breakdown in apples.    Rep. Fd. Invest. Bd.  for 1927,  pp. 
42-43. 

184. Kidson,   E. B.,  E. T. Chittenden and J.  M.  Brooks.     1963. 
Chemical   investigation on bitter pit  of  apples.     IV.    New 
Zealand  Agr.   Res.   6:43-46. 

185. Knee,   M.     1974.     Changes  in structural  polysac  charides  of 
apples ripening during storage.    International Colloquium 
CNRS Facteurs et Regulation de  la Maturation des  Fruits 
238:341-345. 

186. Kollas,   D.  A.     1964.     Preliminary  investigations  of  the  influ- 
ence of controlled amtosphere storage on the organic acids 
of   apples.     Nature   204:758-759. 

184.     Konze, J. R. and G. M. K. Kwiatkowski.     1981.    Rapidly induced 
ethylene  formation after wounding is controlled by the 
regulation of 1-aminocyclopropane-l-carboxylic acid synthe- 
sis.      Planta   151:327-330. 



266 

188. Koontz, H. V. and R. E. Foote.    1966.    Transpiration and 
calcium deposition by unifoliate leaves of Phaseolus 
vulgaris  differing  in maturity.     Physiol.   Plant.   19:313- 
321. 

189. Kupferman,   E.     1983.     Apple harvest maturity.     Post Harvest 
Pomology Newsletter,   August,   Vol.   1,   No.   30,   23  pp. 

190. Lau,   0. L.  and S. F. Yang.     1975.     Interaction of kinetin and 
calcium in relation to their effect of  stimulation of 
ethylene  production.     Plant  Physiol.   55:738-740. 

191. Legge,  R. L., J. E. Thompson, J. E. Baker and M. Lieberman. 
1982.    The  effect  of  calcium on  the  fluidity  and phase 
properties of microsomal membranes  isolated  from postclima- 
tic Golden Delicious apples.    Plant Cell Physiol.  23:101- 
169. 

192. Lehninger,   A.   L.     1982.     In:   Pirnciples   of Biochemistry,   Worth 
Publishers,   Inc.  New York,   pp.   734-735,   747,   752. 

193. Letham,   D.   S.     1969.     Influence  of  fertilizer  treatment  on 
apple  fruit  composition and physiology.     2.     Influence on 
respiration rate and contents of nitrogen,   phosphorus,   and 
titratable   acidity.     Aust.   J.   Agric.   Res.   20:1073-1085. 

194. Letham, D. S. and H. J. McGrath.    1969.    Influence of ferti- 
lizer treatment on apple  fruit composition and physiology. 
N.   Z.   J. Agr.  Res.   12:642-649. 

195. Levy,   B.   F.  G.     1947.     Suspected boron deficiency   in apples   in 
Britain.     Ann.   Rep.   East  Mailing Res.   Sta.   1946:95-98. 

196. Li,  P.   H.   and E.   Hansen.     1964.     Effects  of modified   atmosphere 
storage  on organic acid and protein metabolism of pears. 
Proc. Amer. Soc. Hort.  Sci.  85:100-111. 

197. Lidster, P. D. and S. W. Porrit.    1978.    Some factors affecting 
calcium uptake by apples dipped after harvest  in calcium 
chloride   solutions.     Can.   J.   Plant  Sci.   58:35-40. 

198. Lidster, P. D.,  S. W. Porrit and G. W. Eaton.     1978.     The 
effect of  fruit  size and method of calcium chloride appli- 
cation on fruit  calcium content  and breakdown  in Spartan 
apple.    Can. J. Plant Sci. 58:357-362. 

199. Lieberman,   M.   and  S.   Y.  Wang.     1982.     Influence  of  calcium and 
magnesium on ethylene  production by  apple  tissue slices. 
Plant   Physiol.   69:1150-1155. 



267 

200. Liegel,  W.     1970.    Oude  en nieuve gegevens  over Stipziekte  van 
de   appel.     Angew  Bot.   14:223-232. 

201. Lindblad,   K.   L.     1959.     The  influence  of  growth conditions  on 
the amount and  ribonueleic  acid  content  on wheat  root 
mitochondria.     Physiol.   Plant.   12:400-411. 

202. Link,   H.     1980.     Effects  of nitrogen  supply on  some  components 
of  apple   fruit quality.     In:   Mineral  Nutrition of Fruit 
Trees, D. Atkinson, J. E. Jackson,  R. 0.  Sharpies  and W.  M. 
Waller   (eds.),   Butterworths,   London-Boston,   p.   285. 

203. Looney,   N.   E.     1972.     Interactions of harvest maturity,   cold 
storage,  and  two growth regulators on ripening of 
"Bartlett0 pears.    J. Amer. Soc. Hort. Sci. 97:81-83. 

204. Ludders,   P.     1979.     The  effect  of nitrogen nutrition on bitter 
pit   in  apples.     Commun.   Soil   Sci.   Plant   Analy.   10:401-415. 

205. Lurssen,   K.,   K.   Naumann  and  R.   Schoder.     1979.     1-aminocyclo- 
propane-1-carboxylie acid - n intermediate of  the  ethylene 
biosynthesis   in higher plants.     Z.  Pflanzenphysiol.   92:285- 
294. 

206. Magness,  J.  R.,  L. P. Batjer and L. 0. Regiembal.     1939.    Cor 
elation of fruit color in apples to nitrogen content of 
leaves.    Proc. Amer. Soc. Hort. Sci. 37:39-42. 

207. Magness, J. R., E. S.  Degman,  L. P. Batjer  and L. 0. 
Regiembal.     1937.    Effect of nutritional   treatments on 
internal cork of apples.    Proc. Amer. Soc. Hort. Sci. 
34:206-209. 

208. Mahanty, H. K. and B. A. Fineran.    1975.    The effect of 
calcium on the ultrastructure of Cox0s Orange apples 
with   reference   to bitter  pit  disorder.     Aust.   J.   Bot. 
23:55-65. 

209. Marines,   N.   G.     1962.     Studies   on  submicroscopic   aspects  of 
mineral  deficiencies.    1-calcium deficiency in the shoot 
apex of barley.    Amer. J. Bot. 49:834-841. 

210. Marschner,  H.    1978.    Nutritional  and yield physiological 
aspects  of  plant  nutrition.     Angew.   Botakin  52:71-87. 

211. Marschner,  H.   and H.  Ossenberg-Neu Haus.     1977.     Effect  of 
2,   3,   5  tri  iodobenzoic  acid (TIBA) on calcium transport 
and  cation  exchange  capacity  in   sun  flowers.      Z. 
Pflanzenphysiologie  85:29-44. 



2.68 

212. Marsh,  R. P.  and J. W. Shine.     1941.    Boron as  a factor  in 
the  calcium metabolism of  the  corn plant.     Soil.   Sci. 
51:141-151. 

213. Martin,   D.     1967.     ^Ca movement  in apple  trees.     Experi- 
ments   in Tasmania  1960-1965.     Field Station Record 
6(l):49-55. 

214. Martin,   D.   and  T.  L.   Lewis.     1952.     The  physiology  of  growth 
in apple fruits. III. Cell characteristics and respira- 
tion activity of light and heavy crop fruits. Aust. J. 
Sci. Res. Sta. 5:315-327. 

215. Martin, D. and T. L. Lewis.     1961.    Breakdown.    Bull. Inst. 
Int.   Froid,   Annexe   1961-1,   pp.   111-116. 

216. Martin, D., T. L. Lewis and J. Cerny.    1954.    The physiology 
of growth  in apple  fruits.    VII.    Between the variation 
in cell  physiology  in relation to disorder incidence. 
Aust. J.  Biol.  Sci.  7:211-220. 

217. Martin,  D.,  T. L. Lewis, and J. Cerny.    1960.    Bitter pit  in 
the apple variety Sturmes  in a pot  experiment using   low 
levels   of  major   elements.     Aust.  J.  Exp.   Agric.   Ani. 
Husb. 2:92-96. 

218. Martin, D., T. L. Lewis and J. Cerny.    1960.    Bitter pit in 
the apple variety Cleopatra in Tasmania in relation to 
calcium  and magnesium.     Aust.   J.   Agric.   Res.   11:742-749. 

219. Martin,  D.,  N. S. Stenhouse, T. L. Lewis and J.  Cerny. 
1965. The interrelation of susceptibility to breakdown, 
cell size and nitrogen and phosphorus levels in Jonathan 
apple fruits.    Aust. J. Agric. Res. 16:617-625. 

220. Martin, D., T. L. Lewis and J. Cerny.    1965.    Experiments 
with orchard spray treatments  for  the control of bitter 
pit   in  apples   in Tasmania.     Tech.  Pap.   CSIRO  Div.   PI. 
Ind.   22. 

221. Martin,  D. T.,  T. L. Lewis,  J. Cerny and A. Grassia.     1967. 
Disorder incidence and chemical  composition of Jonathan 
apples  following tree sprays of calcium, magnesium and 
potassium.       Field   Sta.   Record   6:37-40. 

222. Martin, D. T., T. L. Lewis, J. Cerny and A. Grassia.     1969. 
Effect of some chemical  treatments on the  incidence of 
bitter   pit   and   breakdown   in  Cox   apples.     Fid.   Sta.   Rec. 
Div. PI.  Ind. CSIRO 8:57-76. 



269 

223. Martin,  D.,  T. L. Lewis,  J. Cerny  and A. Grassia.     1970. 
Effect of high  levels of nitrogen on mineral  content  and 
disorder   incidence   in "Jonathan0  apples   in  pot  culture. 
Div. Plant Ind. Tech. Paper No. 29, CSIRO. 

224. Martin,  D.,  T. L. Lewis,  J. Cerny  and A. Grassia.     1971. 
Effect of tree sprays on calcium salts with various 
additives of storage disorders in "Sturmer" apples. 
Fid. Sta Rec. Div. PI.  Ind. CSIRO. 

225. Martin,  D.,  T. L. Lewis,  J. Cerny  and A. Grassia.     1971. 
Breakdown in incidence in Cox apples  in relation to 
various  chemical   treatments  and  to  fruit  composition. 
Fid. Sta. Rec. Div. 01. Ind. CSIRO,   10:35-42. 

226. Martin, D., G. C. Wade and J. M. Rolls.    1964.    The effect 
of crop size and low levels of major elements on fruit 
characteristics and  incidence of storage pit  in stunner 
Pippin apples   in pot  experiments.     Aust.  J.   Expt.   Agr. 
Anim. Husb. 4:260-264. 

227. Martin, D., G. C. Wade and K. Stockhouse.    1962.    Bitter pit 
in the apple variety "Stunner0 in a pot  experiment  using 
low   levels   of major  elements.     Aust.  J.   Expt.  Agric. 
Anim. Husb.  2:92-96. 

228. Mason,   J.   L.     1976.     Calcium concentration and  firmness of 
stored Mclntosh apples increased by calcium chloride 
solution plus   thickener.     HortScience  11:504-505. 

229. Mason, J. L., B. G. Drought and J.  M.  McDougald.     1974. 
Effect of a calcium chloride dip on sensecent breakdown, 
firmness   and  calcium concentration  in  "Spartan0  apple. 
HortScience 9(6):596. 

230. Mason, J. L., B. G. Drought and J. M. McDougald.    1975. 
Calcium concentration of "Starkspur" apple in relation 
to amount of senescent breakdown in individual fruits. 
J. Amer. Soc. Hort. Sci.  100(4):343-346. 

231. Mason,  J.  L.,  J. J. Jasmin and R. L. Granger.     1975. 
Softening of Mclntosh apples reduced by a post-harvest 
dip  in calcium chloride solution plus thickener. 
HortScience 19)5):524-525. 

232. Mason, J. L., L. M. McDougald and B. G. Drought.    1974. 
Calcium concentration in apple fruits resulting from 
calcium chloride  dips modified by surfactants and 
thickener.    HortScience   9:122-123. 



270 

233. Mason,  J. L. and M. F. Welsh.     1970.    Cork spot (pit) of 
"Anjou"  pear  related   to  calcium  concentration  in   fruit. 
HortScience  5:447. 

234. Mattoo,  A. K.,  J. E. Baker, E. Chalutz and M. Lieberman. 
1977. Effect of temperature on the ethylene-synthesiz- 
ing systems in apple, tomato and PeniciIlium digitatum. 
Plant  Cell  Physiol.   18:715-719. 

235. Mattus,   G.  E.     1963.     Cork  spot  and  bitter   pit   of   apples. 
Virginia   Fruit   51:35-40. 

236. Mayak,   S.   and  A.   H.  Halevy.     1980.     Flower  senescence.     In: 
Senescence   in  plants,   K.   V.   Thimann  (ed.),   CRC  Press, 
Inc.,   Florida,   pp.   131-156. 

237. McAlpine,   D.     1921.     Bitter pit  in apple  and  pears.     The 
latest results  in preservation measures.    Phytopathology 
11:366-370. 

238. McArthur,  M.    1940.    Histology of some physiological  dis- 
orders of the apple fruit. Can. J. Res. Sect. C 18:26- 
39, 

239. McGlasson, W. B. and H. K. Pratt.     1964.    Effects of 
ethylene on cantaloupe fruit harvested at various ages. 
Plant   Physiol.   39:120-127. 

240. Meadows,   S.  E.     1983.     Phenolic acids  and ethylene bio- 
synthesis   in  pears  during ripening  and   storage.     Ph.D. 
Thesis,   Oregon State University. 

241. Means,   A.  R.     1984.     Regulatory  role  of  Ca-calmodulin  in 
cell   proliferation.    Proc.  Ann.   Met.  Tissue  Cult. 
Assoc,  June. 

242. Menendez,   R.   A.   and  B.  W.  Poovaiah.     1980.    Factors   influ- 
encing calcium infiltration  into  apple   fruits. 
HortScience 15:391. 

243. Mengel,   K.   and E.  A.  Kirkby.     1982.    Principles  of plant 
nutrition. International Potash Inst., Switzerland, pp. 
437-454. 

244. Mellenthin, W. M., P. M. Chen and S. B. Kelly.     1980.    Low 
oxygen effects on dessert quality,  scald prevention,   and 
nitrogen metabolism of D0Anjou pear  fruit during  long- 
term storage.     J. Amer.   Soc.   Hort.   Sci.   106:522-527. 



271 

245. Mellenthin,   W.   M.   and  C.   Y.   Wang.     1976.     Preharvest   tempe- 
rature  in relation to  postharvest  quality  of D0Anjou 
pears.     J. Amer.  Soc. Hort.  Sci. 101(3):302-305. 

246. Millikan,   C. R.     1971.     Mid-season movement of ^Ca  in apple 
trees.     Aust. J. Agric. Res. 22:923-930. 

247. Molls,   R.  V.  P.     1966.     Forkskellige maeting  sstoffers 
indfludelse pafurgetens holdbarhed pa  lager.    Tidsskrift 
for Planteavl  69:533-537. 

248. Mori,   H.     1963.    Studies  on the mineral  deficiency of apple 
trees  in water culture.     Bull. Hort.  Res.   Sta.   Morioka 
Ser. C.  1:63-75  (Hort. Abstr. 34:4263,  1964). 

249. Mori,   H.   and  I.  Abe.     1960.     Studies  on  the   interrelations 
of essential elements for apple trees.    Bull. Tohuku 
Agr. Expt. Sta. 18:57-69. 

250. Morre,   D.  J.   and  C.   E.  Bracker.     1976.    Ultrastructural 
alternation of plant plasma membrane induced by auxin 
and   calcium ions.    Plant Physiol.   58:555-547. 

251. Mulder,   D.     1949.    Voedingsziekten van Vruchtbomen.     Meded. 
Der Tuinb.   12:594-606. 

252. Mulder,   D.     1952.     Nutritional   studies on  fruit   trees. 
Plant  and Soil 4:107-117. 

253. Myers,   A.   T.   and B.   C.   Brunstetter.     1946.     Spectrographic 
determination of  the mineral   composition of the tung 
leaf  as   influences  by  the position on  the  plant.     Proc. 
Amer.  Soc. Hort. Sci. 47:169-174. 

254. Nilshammar,   M.,   B.  Walles  and  A.  Kylin.     1972.     The  effect 
of calcium deficiency on the ultrastructure of the green 
algae  (Scenedesmus).     Z.   Pflanzenphysiol.   Bd.   66:197- 
205. 

255. Oberly,   G.   H.      1973.     Effect   of   2,3,5-triiodobenzoic   acid  on 
bitter  pit  and  calcium  accumulation  on Northern  Spy0 

apples.    J. Amer. Soc. Hort. Sci. 98:269-272. 

256. Oberly, G. H. and A. L. Kenworthy.    1961.    Effect of mineral 
nutrition on  the occurrence  of bitter  pit   in Northern 
Spy apples.    Proc. Amer. Soc. Hort. Sci. 77:29-34. 

257. Oertli, J. J. and W. F. Richardson.    1970.    The mechanism of 
boron  immobility   in plants.     Physiologia PI.   23:108-116. 



272 

258. Olsen, K. L. and G. C. Martin.    1980.    Influence of apple 
bloom date on maturity and  storage  quality  of  Starking 
Delicious apples.    J. Amer. Soc. Hort. Sci. 105(2):183- 
186. 

259. Olsson,   K.     1965.    A study of  the biology of Gloeosporium 
album  and  G.   perennans   on  apples.     Medd.   St.   Vax., 
Stockholm,   13(104):lS9-259. 

260. Ostrowski,   W.     1965.     Investigation on physical   and  chemical 
properties of apples affected by bitter pit and methods 
to control that disease. Zeszyty Naukowe W.S.R.S., No. 
19,   pp.  1-68. 

261. Overholzer,  E. L. and W. J. Clore.     1936.    Six years" 
records of amount of cork spot  fruit on individual 
D0Anjou pear trees.    Proc. Amer. Soc. Hort. Sci. 34:192- 
198. 

262. Overholzer,  E. L.,  A. J. Winkler and H. E. Jacob.    1923, 
Factors influencing the development of internal browning 
of  the yellow Newton apple.     Bull.   Calif.  Agric.  Expt. 
Sta.  370,   p.  40. 

263. Padfield,   C.   A.   S.     1979.    Use of calcium to reduce  storage 
breakdown  in Spartan  apples.   N.   Zealand J.   Expt.  Agr. 
7:379-381. 

264. Pantastico,   Er.   B.   (ed.).     1975.     Postharvest   physiology, 
handling and utilization of tropical  and subtropical 
fruits and  vegetables.     The AVI Publishing Co., 
Westport, CT, 560 pp. 

265. Parry,   M.   S.   and  M.  A.  Perring.     1976.    Apple.     Pollination, 
fruit set and fruit quality. Rep. E. mailing Res. Sta. 
for   1975,  p. 39. 

266. Paul in,   A.   and  P.   Anguez.     1962.     Influence  of   fungicide 
treatment on the preservation of Rienette  du Mans 
apples.     Rev.   Hort.   Paris   2250:365-367. 

267. Perring,   M.  A.     1968.     The mineral   composition of  apples. 
VII.    The relationship between fruit composition and 
some storage disorder.    J. Sci. Fd. Agric. 19:186-192. 

268. Perring,   M.  A.     1968.    Mineral  composition of apples.    VIII. 
Further investigations into the relationship between 
composition   and   disorders   of   the   fruit.     J.   Sci.   Food 
Agric.   19:640-645. 



273 

269. Perring,   M.   A.     1968.     Recent work at  the Ditton Laboratory 
on the chemical  composition  and  storage  characteristics 
of  apples   in relation to orchard factors.    E.  Mailing 
Res. Sta. for 1967-68. 

270. Perring,   M.  A.     1979.     The effects of environment and    cul- 
tural practices on calcium concentrations  in the  apple 
fruit.    Coram. Soil. Sci. PI. Analy. 10:279-293. 

271. Perring,   M.   A.     1982.     Mineral  concentrations   in  the  fruit 
of   varieties   other  than Cox0s Orange Pippin and 
Bramley0s  Seedling.     Rep.  E.   Mailing Res.   Sta.   for   1981, 
pp. 193-199. 

272. Perring,   M.   A.   and W.  Plocharski.     1975.    Proportions  of 
calcium,  magnesium,   phosphorus  and potassium extractable 
by water  on ethanol  from apple  fruit tissue,   in relation 
to   length of  storage,  orchard factors  and  storage dis- 
orders.     J. Sci. Fd. Agric. 26:1807-1817. 

273. Pienar,  W. J., P. E. Van Niekerk and J. J. A. Bester.     1964. 
The role played by calcium in the incidence of bitter 
pit in Golden Delicious apples.    Deciduous Fruit Grower 
14:221-225. 

274. Pill,  W. G. and V. N. Lambeth.     1977.    Effect of NH4 and NO3 
nutrition with and without pH adjustment on tomato 
growth,   ion  composition  and water  relations.    J. Amer. 
Soc. Hort. Sci. 102:78-81. 

275. Plagge,  H. H.,  T. J. Maney  and B.  S. Pickett.     1935. 
Functional  diseases of the  apple  in storage.    Bull. Iowa 
Agric.  Expt.  Sta.  329,   p.  79. 

276. Poovaiah,   B.  W.     1979.     Role of calcium in ripening and 
senescence.     Commun.   Soil   Sci.   Pi.   Analy.   10:83-88. 

277. Poovaiah, B. W. and A. C. Leopold.    1973.    Deferral of leaf 
senescence   with  calcium.    Plant Physiol.   52:236-239. 

278. Poovaiah, B. W. and A. C. Leopold.     1973.    Deferral  of 
senescence and ripening with calcium.    Plant Physiol. 
51:18  (suppl.) 

279. Poovaiah, B. W. and A. C. Leopold.    1973.    Inhibition of 
abscission by  calcium.    Plant Physiol.   51:848-851. 

280. Poovaiah,   B.   W.   and   H.   P.   Rasmus sen.     1973.     Calcium  distri- 
bution  in the  abscission zone  of  bean   leaves.     Plant 
Physiol.  52:683-684. 



274 

281. Poovaiah,  B. W. and H. P. Rasmussen.     1973.    Effect of 
calcium,   (2-chloroethyl  phosphonic acid) and  ethylene  on 
bean leaf  abscission.    Planta  113:207-214. 

282. Porreye,   W.   and R.   Piot.     1964.     La maladie  du   liege  de   la 
pomme.    Rev. Agr. Brux. 17:277-303. 

283. Porrit, S. M.  1964.  The effect of temperature on post- 
harvest physiology oand storage life of pears.  Can. J. 
Plant Sci. 44:568-579. 

284. Porrit, S. W., P. D. Lidster and M. Meheriuk.  1975. Post- 
harvest factors associated with the occurrence of break- 
down in Spartan apple.  Can. J. Plant Sci. 55:743-747. 

285. Pratt, H. K.  1974.  The role of ethylene in fruit ripening. 
In: Facteurs et regulation de la maturation des fruits. 
Coll. Intern. CNRS, 238, Paris, pp. 153-160. 

286. Pratt, H. K. and J. D. Goestchl.  1969. Physiological roles 
of ethylene in plants. Ann. Re. Plant Physiol. 20:541- 
584. 

287. Quinlan, J. D. 1969. Chemical composition of developing 
and shed fruits of laxton0s Fortune apple.  J. Hort. 
Sci. 44:97-106. 

288. Raese, J. T.  1984. Disorders of D0Anjou pears related to 
tree nutrition.  Good Fruit Grower 35(8):6-9. 

289. Raese, J. T. and E. A. Stahly. 1982. Calcium sprays to 
control physiological disorders of D0Anjou pears. Acta 
Hort. 124:119-124. 

290. Rasmussen, P. N.  1962.  Methods of determining fruit 
maturity at harvest and during storage.  Tidsskr. 
Planteavl. 66:353-364. 

291. Rasmussen, S. E. 1962. Priksyge Erlsvervsfrugtavl 28:311- 
313. 

292. Rasmussen, P. M.  1965. Calcium spraying against internal 
breakdown.  Erhvervyfrugtavleren 32:283-284. 

293. Rasmussen, P. M. 1965. Spraytning med calcium mod 
priksyge.. Tidsskr. Plantaevl. 69:374-376. 



275 

294. Ratkowsky, D. A. and D. Martin.    1974.    The use of Multi- 
variate Analysis in identifying relationships among 
disorders  and mineral  element content  in apples.    Aust. 
J. Agric. Res. 25:783-790. 

295. Read,   H.  S.     1914.    "York0 spot  and 0York0 skin-crack. 
Phytopathology 4:405. 

296. Redmond,   W.   J.     1975.    Transport of calcium in apple  trees 
and   its   penetration  into   the   fruits.     Commun.   Soil   Sci. 
and   PI.   Analy.   6(3):261-272. 

297. Rees,   D.  A.     1975.     Stereochemistry  and binding behavior  of 
carbohydrate   chains.     In:   Biochemistry of carbohydrates, 
M. T. P. Int. Rev.  Sci. Biochem.  Ser.  1,  Vol,   5,  W. J. 
Whelan  (ed.),   Butterworths,   London:   Univ.  Park Press, 
Baltimore,   pp.   1-42. 

298. Rhodes, M. J. C. 1980. The maturation and ripening of 
fruits.    In: Senescence in Plants, K. V. Thimann (ed.), 
CRC  Press,   Florida,   pp.   157-205. 

299. Rhodes, M. J. C. and M. S. Reid.    1974.    The production of 
ethylene  and  its relationship with the onset of the 
respiration climacteric  in the apple.     In:   Facteurs et 
regulation de   la maturation des  fruits.   Col.   Intern. 
CNRS, 238, Paris, pp. 189-192. 

300. Richardson,   D.  G.     1976.    Bitter  pit  and  cork  spot   in 
D0Anjou. Proc. Wash. State Hort. Assoc. 72:168-170. 

301. Richardson, D. G. and P. B. Lombard.    1979.    Cork spot of 
"Anjou"  pears  controlled  by  calcium  sprays.     Commun. 
Soil   Sci.   PI.  Analy.   10:383-389. 

302. Richardson, D. L. and A. M. Al-Ani.    1982.    Cork spot of 
D0Anjou pear fruit relative to critical calcium concen- 
tration  and  other minerals.     Acta Hort.   124:113-118. 

303. Richardson, D. L. and A. A. Al-Ani.    1982.    Calcium and 
nitrogen effects  on 0D0Anjou0  pear   fruit   respiration  and 
ethylene  evolution.     Acta Hort.   124:195-201. 

304. Riley, R. G. and P. E. Kolattukudy.    1976.    Effect of treat- 
ment with calcium ion-containing formulations on the 
firmness  of "Golden Delicious0 apples.    HortScience 
11(3):249-251. 



276 

305. Robards,   A. W.,   S. M. Jackson,  D. T. Clarkson and J. 
Sanderson.     1973.     The structure of barley roots  in 
relation  to  the  transport  of  ions   into  the  stele. 
Protoplasma 77:291-312. 

306. Roland,   J.   C.   and  !H.  Bessoles.     1968.    Detection of calcium 
in the cells of the collenchym.    C. R. Acad. Sci. Ser. 
D. 267:589-592. 

307. Rose,  D. H.,  L. P. McCollach and D. F. Fisher.     1951. 
Market diseases of fruits and vegetables:   apples,   pears, 
quinces.    Misc. Publs. USDA No. 168. 

308. Rousseau,  G. G.,  F. J. Hassbroek and C. J. Visser.     1972. 
Bitter pit  in apples:   The effect of calcium and perme- 
ability changes  in apples  fruit  tissue.     Agroplantae 
4:73-80. 

309. Schreven, A. C. Van.    1958.    Bitter pit.    Rapp. inst. voor 
Bewaring en Verwerking van Tuinbouwproducten Wangeningen 
1958:26-27. 

310. Schreven, A. C. van, J. Van der Boon and A. Das.    1962. 
Stip in apples.    I.    Meded. Dir. Tuinb. 25:87-92. 

311. Schreven,  A. C. Van, J. Van der Boon and A. Das.     1963. 
Control  of bitter pit  in apples.     Fruitteelt  53:786-788. 

312. Schumacher,   R.   and  F.   Fankhauser.     1966.     Anwendung  van 
Ralziummitteln zue Verhutung van Stippigkeit und 
Lagerkrankheiten.      Schweiz.   Z.   Obst.-u.   Weinb.    102:431- 
441. 

313. Schumacher,   R.   and  F.   Fankhauser.      1970.     Stippe  und   ihre 
bekaunpfung.      Schweizz,   S.   Obst.-u.    Weing.    106:264-268. 

314. Scott, K. J. and R. B. H. Wills.    1975.    Postharvest appli- 
cations of calcium as a control   for  storage  breakdown of 
apples.     HortScience 10(l):75-76. 

315. Scott, K. J. and R. B. H. Wills.     1977.     Vacuum infiltration 
of  calcium chloride:   A method for reducing bitter pit 
and senescence of apples during storage at ambient  tem- 
peratures.     HortScience 12(l):71-72. 

316. Scott, K. J. and R. B. M. Wills.     1979.    Effects of vacuum 
and pressure infiltration of calcium chloride and stor- 
age  temperature on  the. incidence  of bitter  pit  and   low 
temperature   breakdown   of   apples.      Aust.   J.   Agric.   Res. 
30:917-928. 



277 

317. Sfakiotakis, E. M. and D. R. Dil ley. 1974. Induction of 
ethylene production in 0Bosc0 pears by postharvest cold 
stress.  HortScience 9:336-338. 

318. Sharpies, R. 0.  1964.  The effects of fruit thinning on the 
development of Cox0s Orange Pippin apples in relation to 
the incidence of storage disorders.  J. Hort. Sci. 
39:224-235. 

319. Sharpies, R. 0.  1967.  A note on the occurrence of water- 
core and breakdown in apples during 1966.  Plant Path. 
16:119-120. 

320. Sharpies, R. 0.  1968. Fruit thinning effects on the 
development and storage quality of Coxcs Orange Pippin 
apple fruits.  J. Hort. Science 43:359-371. 

321. Sharpies, R. 0.  1968.  the structure and composition of 
apples in relation to storage quality. ARE mailing Res. 
Sta. for 1967, pp. 185-189. 

322. Sharpies, R. 0.  1972.  Storage breakdown in 0Cox0 and 
"Bramley0 apples. East Mailing Res. Sta. Rept. for 
1972-73, 6 pp. 

323. Sharpies, R. 0.  1974.  The number and size of fruits in 
relation to rootstock, type, applications of growth 
regulators, pruning and fruit thinning, Acta hort, 
45:21-27. 

324. Sharpies, R. 0.  1980,  The influence of orchard nutrition 
on the storage quality of apples and pears grown in the 
United Kingdom,  In: Mineral nutrition of fruit trees, 
D. Atkinson, J. E. Jackson, R, 0. Sharpies and W, M. 
Waller (eds.), Butterworths, London-Boston, pp. 17-28, 

325. Sharpies, R. 0., D, A. Holland, W. M. Waller and D, J. 
Ficker.  1973.  The use of leaf and fruit analysis in 
evaluating the storage life of 0Cox0s Orange Pippin" 
apples.  Ministry of Agr. Fish and Fd, Agric. Develop, 
and Adv. Serv., 8 pp. 

326. Sharpies, R, 0. and R. C. Little. 1970. Experiments on the 
use of calcium sprays for bitter pit control in apples. 
J. Hort. Sci. 45:49-56. 



278 

327. Shear,   C.   B.     1964.    Uptake  and  distribution of   ten nutrient 
elements  and growth of tung seedlings  supplied with 
various  Ca/Mg ratios.     In:  Plant analysis and  fertilizer 
problems, 4, C. Bould, P. Perot and J. R. Magness 
(eds.),   American  Society  of  Horticultural   Science 
Publishers,   pp.   280-296. 

328. Shear,   C.  B,     1971.     Symptoms  of  Calcium deficiency  on 
leaves   and   fruit  of  "York  Imperial0  apple.     J,   Amer. 
Soc. Hort. Sci. 96:415-417. 

329. Shear,   C.   B,     1972.     Incidence of cork spot as related to 
calcium in the  leaves  and  fruits of ^ork Imperial0 

apples.    J. Amer. Soc. Hort, Sci. 97:61-64. 

330. Shear,   C.   B,     1972.     Nutritional   and  cultural  practices 
influencing corking disorders.     The Mountaineer Grower, 
March:27-31. 

331. Shear,   C.   B.     1974.     Interaction of calcium and nitrogen and 
time of calcium availability in the relation to the 
development of apple disorders.    Proc.   7th Int.  Coll, 
Hanover, Fed, Rep. of Germany, Sept. 1974, pp. 427-436. 

332. Shear,   C.   B.     1975.     Calcium related disorders of  fruits  and 
vegetables.     HortScience   10:361-365. 

333. Shear,   C,   B,     1980.     Interactions   of  nutrition  and  environ- 
ment on mineral  composition of fruits.    In:   Mineral 
nutrition of fruit trees, R, 0. Sharpies and W. M. 
Waller   (eds,),   Butterworths,   London-Boston,   pp.   41-50. 

334. Shear,  C. B., H. L. Crane and A. T. Myers.     1953.    Nutrient 
element balance:   Response of tung trees  grown in sand 
culture   to  K,   Mg,   Ca and  their  interactions.     USDA Tech, 
Bull.   1085. 

335. Shear, C, B, and M, Faust.     1970.    Calcium transport in 
apple   trees.     Plant  Physiol.   45:670-674. 

336. Shear,   C,   B,   and  M,  Faust,     1975,     Preharvest  nutrition and 
postharvest physiology of apple.    In:  Symposium on post- 
harvest physiology,   pathology,   and biochemistry of fresh 
products,   N,   F,  Harrd,   AVI  Publishing   Co.,   Westport 
Conn.,   pp. 

337. Shear,   C,   B,   and  M,  Faust,     1971.     Nutritional   factors 
influencing  the mineral  content of  apple   leaves.     J. 
Amer.  Soc. Hort.  Sci. 96:234-240. 



279 

338. Shear,   C.   B.   and M.  Faust,     1971,     Value of  various   tissue 
analysis  in determining the calcium status of  the  apple 
tree  and  fruit.     In:   Recent  advances   in plant  nutrition. 
Vol. 1:75-98.    R. M. Samisle (ed.), Gordon and Burch 
Publishers,   New York. 

339. Shear,  C. B. and M. Faust.    1971.    Donct neglect calcium in 
your   apple   tree0s   diet,     Amer,   Fruit  Gr.   91:18-23, 

340. Simons,   R,  K,     1968.     The morphological   and  anatomical   com- 
parison of some  physiological  disorders   in apples. 
Proc. Amer. Soc. Hort. Sci. 93:775-791. 

341. Simons,   R,  K.   and  M.   C,  Chu.     Scanning   electron microscope 
and electron microprobe  studies  of Bitter  pit  in apples. 
In:   Mineral   nutrition  of   fruit   trees,   D.  Atkinson,   J.  E. 
Jackson, R. 0. Sharpies and W, M. Waller (eds,), 
Butterworths,   London-Boston,   pp.   57-70. 

342. Simons,  R. K.,  F. N. Hewston and M, C. Chu.     1971.     Sequen- 
. tial development of the York Imperial apple as related 

to  tissue variances   leading to corking disorders.     J. 
Amer. Soc, Hort.  Sci. 96:247-252. 

343. Smith,   W.   H.     1962.     Some effects of modulation of tempera- 
ture on the post-harvest physiology of  fruits.     Proc, 
16th Int. Hort. Congr., Brussels, p. 347. 

344. Smock,   R.   M.     1977.    Nomenclature for  internal  storage dis- 
orders   of   apples.     HortScience   12(4):306-308. 

345. Smock,   R.   M,   and  A.   Van Doren,     1937,     Histology  of  bitter 
pit in apples.    Proc. Amer, Soc. Hort, Sci, 35:176-179. 

346. Snay, E. R. and W. J. Bramlage.    1973,    Effect of calcium on 
the   apple  mitochondria,     HortScience  8:273, 

347. Solomos,   T.   and G.  C.   laties.     1973.     Cellular organization 
and   fruit   ripening.     Nature   245:390-392. 

348. Sommer,   N.   F,     1982.     Postharvest  handling  practices  and 
postharvest  diseases  of fruit.     Plant Disease 66(5_:357- 
362. 

349. Spencer,   M.     1965.     Fruit  ripening.     In:   Plant  Biochemistry, 
J, Bonner and J, E. Vamer (eds.). Academic Press, New 
York, pp. 793-825. 

350. Spotts, R. A.  1981.  Modified environment for postharvest 
decay control (in press). 



280 

351. Spur, A. R. 1959. Anatomical  aspects of blossom-end rot in 
the tomato with special reference to calcium nutrition, 
Hilgardia 28(12):269-295. 

352. Stakman, E. C. and R. C. Rose.  1914. A fruit spot of 
wealthy apple.  Phytopathology 4:333-336. 

353. Stebbins, R. L. and D. H. Dewey,  1972. Role of transpira- 
tion and phloem transport in accumulation of ^Ca in 
leaves of young apple trees. J, Amer, Soc. Hort. Sci. 
97:471-474. 

354. Stebbins, R. L., D. H. Dewey and V. E. Shyll.  1972. 
Calcium crystals in apple stem, petiole and fruit 
tissues.  HortScience 7:492-493. 

355. Stevenson, C. D.  1962, Effects of preharvest calcium 
sprays on the occurrence of bitter pit in cool stored 
apples.  Queensland J, Agric. Sci. 19:133-136. 

356. Suit, R. F.  1932.  Studies on a physiological spotting of 
apples. Quebec Soc. Prot. Plants 1930-1932, 23rd and 
24th Reprts., pp. 119-128. (Rev. Appl. Myc. 12:453.) 

357. Sullivan, D. T,  1965. The effect of time of bloom of 
individual flowers on the size, shape, and maturity of 
apple fruits. Proc. Amer. Soc, Hort. Sci. 87:41-46. 

358. Taylor, A., B. W, Poovaiah and J. A. Hopfinger, 1978. 
Calcium infiltration treatments aid in Golden Delicious 
bitter pit control.  Good Fruit Grower 29(8):20-24. 

359. Terblanche, J. H.  1976, Reconmendations for controlling 
Bitter pit in apples during the pre-harvest period. The 
Deciduous Fruit Grower, November, pp, 416-421. 

360. Terry, M. E. and R. J. Jones.  1981.  Soluble cell wall 
polysaccharides released from pea stems by centrifuga- 
tion.  I,  Effect of auxin.  Plant Physiol. 68:531-537. 

361. Thiemann, K. V. and S. 0, Satter, 1979. Relation between 
senescence and stomatal opening: senescence in darkness. 
Proc. Nat. Acad. Sci. USA 76:2770-2773. 

362. Thimann, K. V, and S. 0. Satter,  1979. Relation between 
senescence and stomatal closure: senescence in light, 
Proc, Natl. Acad, Sci, USA 76:2295-2298, 



281 

363. Thomas,   W,   A.     1967.     Dye and  calcium ascent  in dogwood 
trees.     Plant Physiol,     42:1800-1802, 

364. Tingwa,  P. 0. and R, E, Young.     1974.    The effect of calcium 
on the ripening of Avodaco  (Persea americana  Mill) 
fruits.    J. Amer. Soc. Hort, Sci. 99(6):540-542. 

365. Toumadje,   A.     1984.     Polyamines  and  ethylene biosynthesis   in 
pears   during  storage  and  ripening.     Ph.D.   Thesis,   Oregon 
State Univ.,   Corvallis, 

366. Treccani,   C,  P.     1966.    Norme per   la raccolta e   la conserva- 
zione  frigorifera tradizionale  ed  in atmosfera 
controllata delle mele "Delicious Rosse0, "Golden 
Delicious"  e   Imperatore",     Atti.   Conf,   naz.   Ortofloro- 
fruttic, Verona, 2a conmiss., pp. 1-6. 

367. Tramp, J. and J. Oele.    1973.      Physiol. Plant. 27:253-258. 

368. Trout,  S. A., G. B. Tindale and F. E. Huelin.    1940.    Inves- 
tigations on the  storage of Jonathan apples grown  in 
Victoria.    Bull. CSIR0 Aust. 135, p. 96. 

369. True,   R,   H,     1922.     The significance of calcium for higher 
green  plants.     Science   55:1-6, 

370. Turner, N, A.,  I. B, Ferguson and R. 0. Sharpies.     1977. 
Sampling and analysis for determining relationships of 
calcium concentration  to bitter pit  in apple  fruit.     N, 
Z.  J.   Agric. Res.  20:525-532. 

371. Uhstrom,   I.     1969.     The  time effect of auxin and  calcium on 
growth and elastic modules  in hypocotyls.    Physiol, 
Plant, 22:271-287. 

372. Ulrich,   R,     1961.    Temperature and maturation:   pears require 
preliminary cold  treatments.    In:  Recent advances   in 
botany,   Univ.   of  Toronto,   pp.   1172-1176. 

373. Ulrich,   R,     1970.     Organic  acids.     In:     Biochemistry   of 
fruits  and   their  products,   A,   C.   Huhme  (ed.),   Academic 
Press,   London,   pp.   89-115. 

374. Van Der   Boon,   J.     1967.     Relation  entre "bitter  pit" et 
"breakdown" des pommes et  composition minerale de   la 
feuille  et  du  fruit.    Fruit beige.  35:185-189,   227-230. 

375. Van Der Boon, J. and A. Das.  1969.  Stipbestrijdingsproe 
ven in 1965-1967.  Tuinb, Meded. 32:168-172. 



282 

376. Van Der Boon, J., A, Das and A, C. Vanscl?reven, 1962. 
Bestrijding van stip in apples, in hetbiszander door 
opvaering van de calciumvoeding, Fruitteelt 52:161-163. 

377. Van Der Boon, J. A. Das and A. C. Vanschreven.  1968. 
Control of bitter pit and breakdown by calcium in the 
apples Cox0s Orange Pippin and Jonathan.  Agr. Res. 
Rprt. 711, Center for Agric. Publ. and Documents, 
Uangeningen. 

378. Van Der Boon, J., A. Das, A. C, Vanschreven and L. K. 
Wiersum.  1970.  Discussion meeting on bitter pit in 
apples.  Acta Hort. 16:12-22. 

379. Van Goor, B. J.  1968,  The role of calcium and cell perme- 
ability in the disease blossom-end rot of tomatoes, 
Physiol. Plant. 21:1110-1121. 

380. Van Goor, B. J.  1971.  The effects of request spraying with 
calcium nitrate solutions on the mineral composition and 
occurrence of bitter pit of apple 0Cox0s Orange Pippin0. 
J. Hort. Sci. 46:347-364. 

381. Van Schreven, A. C.  Jonathanbe derf.  Fruitteelt. 51:1247- 
1251. 

382. Van Steveninck,   R.   F.   M.     1965.     The significance of calcium 
on the apparent permeability of cell membranes  and  the 
effects of  substitution with other divalent  ions, 
Physiol.   Plant.   18:54-69. 

383. Vaughan,  M. A.,' T. J. Mulkey and C. W. Goff.     1984.    Effect 
of calmodulin antagonists and calcium entry blockers on 
ATP-dependent  Ca uptake  in maize  root microsomes.     Plant 
Physiol. 75(1):2. 

384. Vaz,   R. L. and D. G. Richardson.    1983.    Calcium effects on 
the postharvest quality of Anjou pears. Proc. Wash. St. 
Hort.   Assoc.   79:151-159. 

385. Vaz,   R. L. and D. G. Richardson.     1984.    Effect of calcium 
on respiration rate,  ethylene production and occurrence 
of cork spot in D0Anjou pears.    Acta Hort. (in press). 

386. Vaz,   R. L. and D. G. Richardson,    1984.    The development of 
a predictive model relating fruit calcium storage 
quality  of Newtown apples.     Proc.  Or.   Hort.   Soc.   75:40- 
54. 



283 

387. Wang,  C. Y. and D. 0. Adams.    1980.    Ethylene production by 
chilled  cucumbers  (Cucumis  sativas  L.).     Plant  Physiol. 
66:841-843. 

388. Wang,  C. Y. and D. 0. Adams.    1982.    Chilling-induced 
ethylene  production  in  cucumbers   (Cucumis   sativus   L.). 
Plant   Physiol.   69:424-427. 

389. Wang,   C.  Y.   and  E.   Hansen.     1970.     Differential   response   to 
ethylene   in  respiration  and  ripening  of   immature "Anjou0 

pears.    J. Amer. Soc. Hort. Sci. 95:314-316. 

390. Wang,   C.  Y.   and W.  M.   Mellenthin.     1973.     Chlorogenic  acid 
levels,   ethylene production and respiration of d'Anjou 
pears   affected with  cork  spot,     HortScience  8:180-181. 

391. Wang, C. Y., W. M. Mellenthin and E, Hansen.     1972.     Matura- 
tion of "Anjou0 pears   in relation to chemical  composi- 
tion and reaction to ethylene.    J. Amer. Soc, Hort. Sci. 
97(1):9-12. 

382. Wang, C. Y., W. M. Mellenthin and E. Hansen.    1972.    Effect 
of temperature on development of premature ripening  in 
oBartlett0 pears.    J. Amer, Soc. Hort. Sci, 96:122-125. 

383. Webster, D. H. and F. R. Forsyth.    1979.    Partial  control  of 
bitter pit  in spy apples with a post-harvest dip in 
calcium chloride solution.     Can.  J.  Plant Sci.   59:717- 
723. 

384. Weeks,  W. D.,  F. W. Southwick,  M. Drake and J. E. Steckel. 
1958.     The  effect  of  varying rates  of nitrogen and 
potassium on the mineral  composition of Mclntosh foliage 
and fruit color.    Proc, Amer. Soc. Hort. Sci. 71:11-19. 

395. Wienecke,   J.     1968.     Untersuchungen  an  apfelfruchte,   zur 
aufnahme und verlagerung von ^Ca-chlorid noch applikation 
auf  die  schale  in verschiedenen studien derfruchtentwic- 
klung.      Atompraxia   14:7-14. 

396. Wienecke,   J.   and  F.  Fuhr.     1973.    Untersuchungen zur  transloka- 
tion von ^Ca un apfelbaum,    I.    Transport und  verteilung 
in Abhangigkeit   vorn  aufrah  mezeitpunkt.     Gartenbauwiss. 
38:90-108. 

397. Wiersum,   L.   K,     1966.     Calcium content of  fruits and  storage 
tissues   in relation to  the mode  of water  supply.     Acta  Bot, 
Neerban   dicca   15:406-418. 



284 

398. .Wilcox, G. E., J. E. Hoff and C. M. Jones.  1973. Ammonium 
reduction of calcium and magnesium content of tomato and 
sweet corn leaf tissues and influence on incidence of 
blossom-end rot of tomato fruit. J, Amer. Soc, Hort. Sci. 
98:86-89. 

399. Wilcox, J. C. and C. G. Woodbridge. 1943. Some effects of 
excess boron on the storage quality of apples.  Sci. Agric. 
23:232-241. 

400. Wilkinson, B. G.  1966.  The effect of orchard factors on the 
storge behavior of Cox0s Orange Pippin apples.  Rep. Sitton 
Laboratory for 1965:23-24. 

401. Wilkinson, B. G.  1968.  Mineral composition of apples.  IX. 
uptake of calcium by the fruit, J. Sci. Fd, Agric. 19:646- 
647. 

402. Wilkinson, B. G.  1970. Physiological disorders of fruits 
after harvesting.  In: The biochemistry of fruit and their 
products. A, C. Huhne (ed.), 18:537-554. 

403. Wilkinson, E. H.  1942. Dieback and canker of apple branches 
caused by Gleoesporium species.  Gardener0s Chron, 111, p. 
269. 

404. Wilkinson, B. G. and M. A. Perring.  Variation in mineral 
composition of Cox0s Orange Pippin apples,  J. Sci. Fd. 
Agric. 12:74-79. 

405. Wilkinson, B. G. and M. A. Perring. 1964. Changes in the 
chemical composition of apples during development and near 
picking time. J. Sci. Fd. Agric. 15:146-152. 

406. Wills, R. B. H.  1972.  Effect of calcium on the production 
of volatiles by apples. J. Sci. Fd. Agric. 23:1131- 
1134. 

407. Wills, R. B. H. and K. J. Scott.  1921. Chemical induc- 
tions of low temperature breakdown in apples. Phyto- 
chemistry 10:1783-1785. 

408. Wills, R. B. H. and K. J. Scott. 1972. Reduction of low 
temperature breakdown in apples with gibberelic acid. 
J. Hort. Sci. 47:389-394. 

409. Wills, R. B. H., K. J. Scott, P. B. Lynford and P. E. 
Small.  1976.  Prediction o.f bitter pit with calcium 
content of fruit.  N. Z. J. Agric. Res. 19:513-519. 



285 

410. Wills,  R. B. H., K. J. Scott and W. B. McGlasson.     1970.    A 
role for acetate in the development of  low-temperature 
breakdown in apples.    J. Sci. Fd. Agric. 21:42-44. 

411. Wills,  R.  B. H.  and S,  I. H. Tirmazi.     1979.     Effect of 
calcium and other minerals  on ripening of  tomatoes.   . 
Aust.   J.   Plant  Physiol.   6:221-227. 

412. Williams,   M.   W.     1978.     Pear production.     Agricultural 
Handbook   526,   USDA. 

413. Winke,   J.     1980.    Autoradiographic  localization of ^Ca and 
^"Cl  after postharvest dipping of apple  fruits.    In: 
Mineral   nutrition  of   fruit   trees,   D.  Atkinson,   J.   E. 
Jackson, R. 0. Sharpies and W. A. Waller (eds.), 
Butterworths,   London-Boston,   pp.   334-336. 

414. Wirth, A., R. Schumacher, R. Fritzsche, K. Stoll  and T. 
Meli. 1970. Dangu der obstbaume. Schweiz, Z. Obst-u, 
Weinbau   106:578-587  and   629-636. 

415. Woodbridge, C. G.    1966.    Bitter pit.    Proc. Wash. State 
Hort. Assoc.   1968:59-66. 

416. Woodbridge, C. G. 1971. Calcium level of pear tissues 
affected with cork and black end.  HortScience 6:415- 
453. 

417. Woodbridge, C. G.  1971.  Is there an answer to bitter pit? 
Proc. Wash. State Hort. Assoc. (66th Ann. Mtg.), pp. 
151-165. 

418. Woodbridge, C. G.  1973. Effect of rootstock and interstock 
on nutrient levels in "Bartlett" pear leaves, on tree 
growth and on fruit. J. Amer. Soc. Hort. Sci. 98:200- 
202, 

419. Woodbridge, C. G. and R. B. Tukey. 1970. Suggestions for 
lessening bitter pit, a disorder of apples. Tree Fruit 
Production Series, Coop. Exten. Serv,, Coll. of Agric, 
Washington State Univ., EM 3369. 

420. Woodbridge, L. G. and J. H. Terblanche. 1978. A new 
development in bitter pit research.  Decid. Fruit 
Grower, January, pp. 10-12. 

421. Yang, S. F.  1981. Biosynthesis of ethylene and its regula- 
tion.  In: Recent advances in the biochemistry of fruits 
and vegetables, J. Friend and M. J. C. Rhodes (eds.), 
Academic Press, London, pp. 89-106. 



286 

422. Yang,  S. F. and D. 0. Adams.    Biosynthesis of ethylene.     In: 
The biochemistry of plants, P. K. Stumpf and E. E. Conn 
(eds.). Academic Press, New York, pp. 163-175. 

423. Ystaas,   J.     1980.     Effect of nitrogen fertilization on yield 
and quality of Moltke pear.     In:   Mineral nutrition of 
fruit trees, D. Atkinson, J. E. Jackson, R. 0. Sharpies 
and  W.   M.   Waller  (eds.),   Butterworths,   London-Boston, 
pp. 287-288. 

424. Yu,  Y. B.,  D. 0. Adams  and  S.  F. Yang.     1979.     1-aminocyclo- 
propanecarboxylate synthase,   a key enzyme  in ethylene 
biosynthesis.      Arch.   Biochem.   Biophys.    198:280-286. 

425. Yu,  Y. B. and S. F. Yang.     1979.     Auxin-induced ethylene 
production and its  inhibition by aminoethoxyvinylglycine 
and  cobalt   ion.     Plant  Physiol.   64:1074-1077. 

426. Yu,  Y.  B. and S. F. Yang.     1980.    Biosynthesis of wound 
ethylene.     Plant Physiol.   66:281-285. 



APPENDICES 

The figures are computer scatter diagrams 



287 

Fig. 1.  Relationship between Ca concentration and the total 

incidence of cork spot in D'Anjou pear fruits at the 

sampling date July 18, 1982. 

Fig. 2.  Relationship between Ca concentration and the total 

incidence of cork spot in D'Anjou pear fruits at the 

sampling date August 9, 1982. 

Fig. 3.  Relationship between Ca concentration and the total 

incidence of cork spot in D'Anjou pear fruits at the 

sampling date September 1, 1982. 
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Fig. 4.  Relationship between fruit weight and total cork spot in 

D'Anjou pear at the sampling date July 18, 1982. 

Fig. 5.  Relationship between fruit weight and total cork spot in 

D'Anjou pear at the sampling date August 9, 1982. 

Fig. 6.  Relationship between fruit weight and total cork spot in 

D'Anjou pear at the sampling date September 1, 1982. 
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Fig. 7.  Relationship between fruit Ca/wt ratio and total cork 

spot in D'Anjou pear at the sampling date July 18, 1982, 

Fig. 8.  Relationship between fruit Ca/wt ratio and total cork 

spot in D'Anjou pear at the sampling date August 9, 

1982. 

Fig. 9.  Relationship between fruit Ca/wt ratio and total cork 

spot in D'Anjou pear at the sampling date September 1, 

1982. 
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Fig.10 
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Fig. 10.  Relationship between fruit wt/Ca ratio and total cork 

spot in D'Anjou pear at the sampling date July 18, 1982. 

Fig. 11.  Relationship between fruit wt/Ca ratio and total cork 

spot in D'Anjou pear at the sampling date August 9, 

1982. 

Fig. 12.  Relationship between fruit wt/Ca ratio and total cork 

spot in D'Anjou pear at the sampling date September 1, 

1982. 
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Fig.   13.     Relationship between fruit Ca and total  cork spot in 

D'Anjou pear at  the sampling date July  1,   1983. 

Fig.   14.     Relationship between fruit Ca and total  cork spot  in 

D'Anjou pear at   the sampling date August  9,   1983. 

Fig.   15.     Relationship between fruit Ca and  total  cork spot  in 

D'Anjou pear at sampling date September  1,   1983. 
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Fig. 16.  Relationship between fruit K and total cork spot in 

D'Anjou pear at the sampling date August 9, 1983. 

Fig. 17.  Relationship between fruit K and total cork spot in 

D'Anjou pear at the sampling date September 1, 1983. 

Fig. 18.  Relationship between fruit Mg and total cork spot in 

D'Anjou pear at the sampling date August 9, 1983. 

Fig. 19.  Relationship between fruit Mg and total cork spot in 

D'Anjou pear at the sampling date September 1, 1983. 
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Fig.   20.     Relationship between fruit K/Ca ratio and  total  cork 

spot in D'Anjou pear at  the sampling date July  18,   1983. 

Fig.   21.     Relationship between fruit K/Ca ratio and  total  cork 

spot in D'Anjou pear at  the sampling date August  9, 

1983. 

Fig.   22.     Relationship between fruit K/Ca ratio and total  cork 

spot in D'Anjou pear at  the sampling date September  1, 

1983. 
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Fig.   23.    Relationship between fruit P and total  cork spot  in 

D'Anjou pear at  the sampling date July  18,   1983. 

Fig.   24.     Relationship between fruit P and  total  cork spot  in 

D'Anjou pear at  the sampling date August  9,   1983. 

Fig.  25.    Relationship between fruit P and total  cork spot in 

D'Anjou pear at  the sampling date September 1,   1983. 
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Fig. 23 
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Fig. 26.  Relationship between fruit P/Ca ratio and cork spot at 

the sampling date July 18, 1983. 

Fig. 27.  Relationship between fruit P/Ca ratio and cork spot at 

the sampling date August 9,  1983. 

Fig. 28.  Relationship between fruit P/Ca ratio and cork spot at 

the sampling date September 1, 1983. 
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Fig.   26 
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Fig.   29.     Relationship between fruit weight and cork spot  in 

D'Anjou pear at  the sampling date July  1,   1983. 

Fig.   30.     Relationship between fruit weight  and cork spot  in 

D'Anjou pear at  the sampling date August  9,   1983. 

Fig.  31.    Relationship between fruit weight  and cork spot  in 

D'Anjou pear at  the sampling date September  1,   1983. 
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Fig. 29 
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Fig.   32.     Relationship between fruit wt/Ca ratio and total  cork 

spot in D'Anjou pear at  the sampling date July  18,   1983, 

Fig.   33.     Relationship between fruit wt/Ca ratio and total  cork 

spot in D'Anjou pear at  the sampling date August  9, 

1983. 

Fig.   34.    Relationship between fruit wt/Ca ratio and total  cork 

spot in D'anjou pear at  the sampling date September  1, 

1983. 
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Fig. 32 
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Fig.   35.    Relationship between fruit N/Ca and total  cork spot in 

D'Anjou pear at  the sampling date July  18,   1983. 

Fig.   36.    Relationship between fruit N/Ca and total  cork spot  in 

D'Anjou pear at  the sampling date August  9,   1983. 

Fig.   37.    Relationship between N/Ca and total  cork spot in D'Anjou 

pear at  the sampling date September  1,   1983. 
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Fig. 35 
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Fig.   38.     Relationship between fruit Ca/(K + Mg)  ratio and  total 

cork spot in D'Anjou pear at  the sampling date July  18, 

1983. 

Fig.   39.     Relationship between fruit Ca/(K + Mg)  ratio and total 

cork spot in D'Anjou pear at  the sampling date August  9, 

1983. 

Fig.  40.     Relationship between fruit  (K + Mg)/Ca ratio and total 

cork spot in D'Anjou pear at  the sampling date August  9, 

1983. 

Fig.   41.     Relationship between fruit   (K + Mg)/Ca ratio and  total 

cork spot in D'Anjou pear at  the sampling date September 

1,   1983. 
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Fig. 42.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date July 19, 1982. 

Fig. 43.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date August 13, 1982. 

Fig. 44.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date September 6, 1982. 

Fig. 45.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date September 27, 1982. 
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Fig. 46.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date July 19, 1982. 

Fig. 47.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date August 13, 1982. 

Fig. 48.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date September 6, 1982. 

Fig. 49.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date September 27, 

1982. 
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Fig. 50.  Relationship between fruit wt-/Ca ratio and total bitter 

pit in Newtown apple at the sampling date July 19, 1982. 

Fig. 51.  Relationship between fruit wt/Ca ratio and total bitter 

pit in Newtown apple at the sampling date August 13, 

1982. 

Fig. 52.  Relationship between fruit wt/Ca ratio and total bitter 

pit in Newtown apple at the sampling date September 6, 

1982. 

Fig. 53. Relationship between fruit wt/Ca ratio and total bitter 

pit in Newtown apple at the sampling date September 27, 

1982. 



318 

ig.50    VARIABLES      BPS (DOWN),    WT1 C.A 1 (ACROSS) R   = .6456 Fig 

9.000 » 

6.000 » 

3.000 >> 

O. » 
3 0000 6.0000 9. 0000        12. 0000        15.0000   '    IS. 0000   " " 2 i .' 0000 

Fig.51 
VARIABLES  BP3 

12.00 

9.000 

(DOWN). WT2CA2   (ACROSS)   R =    .6110 

6.000 

. 000 

y> 

;0 

* 
.*  

. *.    . *  
* *.       *   * 

*              3.              * .»,    **.    *  
*                        » 

*      * 
* 

20.0000   50.0000   40 0000   50. 0000   c-0. OOC'O 

Fig.52 
VARIABLES  BP3      (DOWN), WT3CA3   (ACROSS)   R =    . S3S0 

12.00 

. 000    » ■>*;." * 
*» 

* 
# 

6.000    » 

. 000    >". . . 2. « 
* * 

0.        »   
25.0000   37.5000   50.0000   62.5000   75.0000   97.5000  100.0000 

Fig.53 
VARIABLES  BP3 

12.00    » 

9.000    >> 

6.000    » 

3.000    » 

» 
20 

(DOWN), WTACAI    (ACROSS)    R =     .7167 

*    * 

000    40.000    60.000    SO-OOO   100.000   120.000   140.000 



319 

Fig. 54.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date July 20, 1983. 

Fig. 55.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date August 10, 1983. 

Fig. 56.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date August 29, 1983. 

Fig. 57.  Relationship between fruit Ca and total bitter pit in 

Newtown apple at the sampling date September 19, 1983. 
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Fig. 58.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date July 20, 1983. 

Fig. 59.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date August 10, 1983. 

Fig. 60.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date August 29, 1983. 

Fig. 61.  Relationship between fruit weight and total bitter pit 

in Newtown apple at the sampling date September 19, 

1983. 
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Fig. 62.  Relationship between fruit wt/Ca ratio and total bitter 

pit in Newtown apple at the sampling date July 20, 1983. 

Fig. 63.  Relationship between fruit wt/Ca ratio and total bitter 

pit in Newtown apple at the sampling date August 10, 

1983. 

Fig. 64.  Relationship between fruit wt/Ca ratio and total bitter 

pit in Newtown apple at the sampling date August 29, 

1983. 

Fig. 65. Relationship between fruit wt/Ca ratio and- total bitter 

pit in Newtown apple at the sampling date September 19, 

1983. 



324 

Pig.62 
VARIABLES  BP3      (DOWN), MT1CA1   (ACROSS)   R =    .5Afc9 

. . . * * 
* 
* 

* 
IS. 00 ». . 

*. 
» 

« 
*• 

* 

12.00 ». . 

. * 
* 
« 

*   . . • # # . 
* 

* 

. *. 

6.000 ». . 
*. 

. *. * 

.0000   20.0000   40.0000   60.0000   SO.OOuO  IOO.OOJI.' 

Fig.63 
VARIABLES  BP3      (DOWN). WT2CA2   (ACROSS)   R 

24.00    »  
576! 

18.00 

12. 00 

£..000 

0. 

»     * * 
* ft 

ft 

* 
>." .... 

* 
!     2   < 

* . 
* 
ft 

«       . ft « 
 « 

*     ! 

ft 

«■  

ft 

.000    40 000    SO.000   120 000   160.000   200 000   240. 

Fig.64 
VARIABLES  BP3 

24.00    ». 

IS. 00 

12.00    ». 

6.000 

0. 

(DOWN). WT3CA3   (ACROSS)   R =    .3321 

">>  

• 

»  

* 

2. . * • 

* 
* 

* * * 

»I . . . . 

• • 
* 

Z             » * 
* 
« 

2* 

»'.  
.000   100 000   200 000   300 000   400.000   500 ooo  too 000 

Fig.65  VARIABLES  BP3      (DOWN). WT4CA4   (ACROSS)   R =    .6699 
24.00    »  

18.00 

12.00 

6.000 

.00 250.00    500 00    750.00   1000.00   125 00   1500.00 



325 

Fig. 66.  Relationship between fruit N/Ca ratio and total bitter 

pit in Newtown apple at the sampling date July 20, 1983. 

Fig. 67.  Relationship between fruit N/Ca ratio and total bitter 

pit in Newtown apple at the sampling date August 10, 

1983. 

Fig. 68.  Relationship between fruit N/Ca ratio and total bitter 

pit in New town apple at the sampling date August 29, 

1983. 

Fig. 69.  Relationship between fruit N/Ca ratio and total bitter 

pit in Newtown apple at the sampling date September 19, 

1983. 
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Fig. 70.  Relationship between fruit P and total bitter pit in 

Newtown apple at sampling date August 29, 1983. 

Fig. 71.  Relationship between fruit P and total bitter pit in 

Newtown apple at sampling date September 19, 1983. 
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Fig. 72. Relationship between fruit P/Ca ratio and total bitter 

pit in Newtown apple at sampling date August 10, 1983. 

Fig. 73.  Relationship between fruit P/Ca ratio and total bitter 

pit in Newtown apple at sampling date August 29, 1983. 

Fig. 74.  Relationship between fruit P/Ca ratio and total bitter 

pit in Newtown apple at sampling date September 19, 

1983. 
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Fig. 75.  Relationship between fruit K and total bitter pit in 

Newtown apple at sampling date July 20, 1983. 

Fig. 76.  Relationship between fruit K and total bitter pit in 

Newtown apple at sampling date August 29, 1983. 

Fig. 77.  Relationship between fruit K and total bitter pit in 

Newtown apple at sampling date September 19, 1983. 
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Fig. 78.  Relationship between fruit K/Ca ratio and total bitter 

pit in Newtown apple at sampling date August 10, 1983. 

Fig. 79.  Relationship between fruit K/Ca ratio and total bitter 

pit in Newtown apple at sampling date August 29, 1983. 

Fig. 80.  Relationship between fruit K/Ca ratio and total bitter 

pit in Newtown apple at sampling date September 19, 

1983. 
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Fig.  81.     Relationship between fruit Ca/(K + Mg)  ratio and total 

bitter pit in Newtown apple at sampling date July 20, 

1983. 

Fig.   82.     Relationship between fruit Ca/(K + Mg)  ratio and  total 

bitter pit in Newtown apple at sampling date August  10, 

1983. 

Fig.   83.     Relationship between fruit Ca/(K + Mg)  ratio and  total 

bitter pit in Newtown apple at sampling date August  29, 

1983. 

Fig. 84. Relationship between fruit Ca/(K + Mg) ratio and total 

bitter pit in Newtown apple at sampling date September 

19,   1983. 
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Fig.   85.     Relationship between fruit   (K + Mg)/Ca ratio and total 

bitter pit in Newtown apple at sampling date July 20, 

1983. 

Fig.   86.     Relationship between fruit   (K + Mg)/Ca ratio and  total 

bitter pit in Newtown apple at sampling date August  10, 

1983. 

Fig. 87. Relationship between fruit (K + Mg)/Ca ratio and total 

bitter pit in Newtown apple at sampling date August 29, 

1983. 

Fig. 88. Relationship between fruit (K + Mg)/Ca ratio and total 

bitter pit in Newtown apple at sampling date September 

19,   1983. 
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Fig. 89.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at sampling date July 19, 1982. 

Fig. 90.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at sampling date August 13, 1982. 

Fig. 91.  Relationship betweeen fruit Ca and internal breakdown in 

Newtown apple at sampling date September 6, 1982. 

Fig. 92.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at sampling date September 27, 1982. 
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Fig. 93.  Relationship between fruit weight and internal breakdown 

in Newtown apple at sampling date July 19, 1982. 

Fig. 94.  Relationship between fruit weight and internal breakdown 

in Newtown apple at sampling date August 13, 1982. 

Fig. 95.  Relationship between fruit weight and internal breakdown 

in Newtown apple at sampling date September 6, 1982. 

Fig. 96.  Relationship between fruit weight and internal breakdown 

in Newtown apple at sampling date September 27, 1982. 
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Fig. 97.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apple at sampling date July 19, 

1982. 

Fig. 98.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apple at sampling date August 13, 

1982. 

Fig. 99.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apple at sampling date September 6, 

1982. 

Fig. 100. Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apple at sampling date September 

27, 1982. 
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Fig. 101.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at the sampling date July 20, 1983. 

Fig. 102.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at the sampling date August 10, 1983. 

Fig. 103.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at the sampling date August 29, 1983. 

Fig. 104.  Relationship between fruit Ca and internal breakdown in 

Newtown apple at the sampling date September 19, 1983. 
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Fig. 105.  Relationship between fruit Mg and internal breakdown in 

Newtown apple at the sampling date August 29, 1983. 

Fig. 106.  Relationship between fruit Mg and internal breakdown in 

Newtown apple at the sampling date September 19, 1983. 

Fig. 107.  Relationship between fruit Mg and internal breakdown in 

Newtown apple at the harvest date August 29, 1983. 

Fig. 108.  Relationship between fruit Mg and internal breakdown in 

Newtown apple at the sampling date September 19, 1983. 
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Fig. 109.  Relationship between fruit P and internal breakdown in 

Newtown apple at the sampling date July 20, 1983. 

Fig. 110.  Relationship between fruit P and internal breakdown in 

Newtown apple at the sampling date August 10, 1983. 

Fig. 111.  Relationship between fruit P and internal breakdown in 

Newtown apple at the sampling date August 29, 1983. 
/ 



350 

Fig.109 
VARIABLES  IB 

12.50   >: 

10.00 

7.500 

. 000    >:: 

.500 

(DOWN). PI (ACROSS)   R =   -.4702 

9.0000   12.0000   15.0000   13.0000   21.0000   24.0000   27.0000 

Fig.110 
VARIABLES  IB 

12.50    » 

10.00 

7.500    » 

5.000    » 

(DOWN). P2 (ACROSS)   R =   -.6452 

.500    »     
7.5000   10.0000   12.5000   15.0000   17.5000   20.0000   22.5000 

Fig.Ill 
VARIABLES  IB 

12.50    » 

10.00    » 

(DOWN), P3 (ACROSS)   R .7599 

* * 
. . . » «... 

.  *     * 

7.500    » 

. 000    » 

2.500    » 

■ •     ^ • ■ • 

2  * . *   * 
* * 
♦   *. 
 #. . . * * . . . . 

* * 
- * * 

3.7500   10.0000   11.2500   12.5000   13.7500   15.0000   16.2500 



351 

Fig. 112.  Relationship between P/Ca ratio and internal breakdown 

in Newtown apple at the sampling date August 29, 1983. 

Fig. 113.  Relationship between fruit P/Ca ratio and internal 

breakdown in Newtown apple at the sampling date 

September 19, 1983. 
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Fig. 114. Relationship between fruit weight and internal 

breakdown in Newtown apple at the sampling date July 

20, 1983. 

Fig. 115.  Relationship between fruit weight and internal 

breakdown in Newtown apple at the sampling date August 

10, 1983. 

Fig. 116.  Relationship between fruit weight and internal 

breakdown in Newtown apple at the sampling date August 

29, 1983. 

Fig. 117.  Relationship between fruit weight and internal 

breakdown in Newtown apple at the samppling date 

September 19, 1983. 
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Fig. 118.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apples at the sampling date July 

20, 1983. 

Fig. 119.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apples at the sampling date August 

10, 1983. 

Fig. 120.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apples at the sampling date 

August 29, 1983. 

Fig. 121.  Relationship between fruit wt/Ca ratio and internal 

breakdown in Newtown apple at the sampling date 

September 19, 1983. 
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Fig. 122.  Relationship between fruit K and internal breakdown in 

Newtown apple at the sampling date August 29, 1983. 

Fig. 123.  Relationship between fruit K and internal breakdown in 

Newtown apple at the sampling date September 19, 1983. 

Fig. 124.  Relationship between fruit B and internal breakdown in 

Newtown apple at the sampling date August 29, 1983. 

Fig. 125. Relationship between fruit B and internal breakdown in 

Newtown apple at the sampling date September 19, 1983. 
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Fig. 126. Relationship between fruit K/Ca ratio and internal 

breakdown in Newtown apple at the sampling date July 

20, 1983. 

Fig. 127. Relationship between fruit K/Ca ratio and internal 

breakdown in Newtown apple at the sampling date August 

10, 1983. 

Fig. .128. Relationship between fruit K/Ca ratio and internal 

breakdown in Newtown apple at the sampling date August 

29, 1983. 

Fig. 129. Relationship between fruit K/Ca ratio and internal 

breakdown in Newtown apple at the sampling date 

September 19, 1983. 
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Fig. 130.  Relationship between fruit N/Ca ratio and internal 

breakdown in Newtown apple at the sampling date July 

20, 1983. 

Fig. 131.  Relationship between fruit N/Ca ratio and internal 

breakdown in Newtown apple at the sampling date August 

10, 1983. 

Fig. 132. Relationship between fruit N/Ca ratio and internal 

breakdown in Newtown apple at the sampling date August 

29, 1983. 

Fig. 133.  Relationship between fruit N/Ca ratio and internal 

breakdown in Newtown apple at the sampling date 

September 19, 1983. 
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Relative prediction of BP, IB and CS incidence of 

apple and pear in 1984 based on equations developed 

in 1982 and 1983. All values are in percentage 

Sampling date    Sampling date      Sampling date 
August 29_     JU1Y_19      august 9 

Predicted        Predicted         Predicted 
_total_BP total_IB total_CS  

2.0 1.7 2.1 

2.5 2.0 2.3 

2.8 2.6 2.3 

2.4 2.3 2.8 

3.4 2.9 3.2 

3.1 2.7 3.7 

3.8 3.4 4.1 

4.4 4.1 4.8 

4.7 4.5 4.6 

5.2 4.9 5.1 

Average values per orchard. Samples of 10 orchards . 


