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The feasibility of using a post harvest sampling time for 

fruit testing in Anjou pears was evaluated. The goal was to 

determine if a simple and rapid analysis of fruit tissues could be 

useful in identifying potentially weak fruit that could be 

marketed before the onset of the storage disorder cork spot. 

A packing house study was conducted in 1985 and 1986 which 

compared mineral analyses from extra fancy grade Anjou pears with 

the like analyses from cork spotted Anjou pears. Samples were 

divided into six different tissue types; cores, tangential slices 

with and without peels, the peel itself, interior cortical plugs, 

and exterior cortical plugs. Mineral concentrations were expressed 

on both a dry weight and fresh weight basis. Ratios between 

elements were also evaluated. 

It was determined that any of the six different tissues could 

be used for the purpose of separating extra fancy grade fruit from 

cork spotted fruit. There is a real concentration difference 

between cork spotted and extra fancy pear fruit that is not size 

related, although size does affect mineral concentrations.  The 



peel of the fruit was the most convient tissue to analyze and 

provided the best separation between disordered and normal fruit. 

Differences between dry or fresh weight expressions were minimal. 

A nitrogen to calcium ratio was the best index to use for 

separation of the two catagories of fruit. 

Post harvest mineral analyses may be useful in light of 

considerable literature relating pre-harvest mineral 

concentrations to post harvest storage problems.  A post harvest 

evaluation of peel tissue could greatly simplify collection and 

processing of fruit samples compared to pre-harvest collection and 

analysis of cortical tissue commonly utilized in apple testing. 
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Differences Between Mineral Analyses from Cork Spotted 

and Extra Fancy 'Anjou' Pear Fruit 

Introduction 

The Pacific Northwest produces a major portion of the 'Anjou' 

pears (Pyrus communis) in the United States. Year round 

availability of these perishable commodities can only be 

accomplished through storage under refrigeration and/or 

controlled atmosphere conditions. The Pacific Northwest's tree 

fruit industry is well equipped with such storage facilities. This 

enables the producers and the packers to maximize profit by 

selling an immense amount of perishable fruit over a long period 

of time, satisfying, but not flooding, the needs of the market. 

The maximum storage period is determined by the length of 

time a particular variety of fruit can maintain desirable quality 

in storage. Unfortunately, orchard and climatic factors directly 

influence the fruit storability. Storage quality may vary in fruit 

of the same variety but from different orchards stored within the 

same chamber, either in air or under controlled atmosphere 

conditions (18). Although, under optimal conditions pears may be 

stored for periods greater than eight months, 'Anjou' pears are 

susceptible to several storage related physiological disorders, 

the most serious of which is cork spot (1,29,54,60). In a severe 

year, cork spot may cause a sixty percent loss of the stored 

crop. While some affected fruit can be detected at harvest, 

cork spot severity increases during storage. Marginally affected 

fruit that had acceptable quality at harvest may become 



unmarketable following a period of storage (59). It is critical 

for both producers and marketers to determine an orchard's storage 

potential and market its fruit accordingly. Profits will be 

maximized when fruit wastage during storage is minimized. 

Research has demonstrated that the mineral contents of the 

fruit play an important role in the processes of senescence as 

well as maintenance of desirable post-storage quality. Pre-harvest 

fruit mineral analysis is currently used in the United Kingdom 

and New Zealand. Quality is improved through enhanced decision 

making regarding the long-term storage of the major apple 

cultivars in those countries. Results are obtained prior to 

harvest and fruit likely to store poorly is marketed immediately. 

Although other elements are also important, the Ca concentration 

of cortical tissue appears to be most useful. Cork spot is 

similar to the bitter pit disorder in apples. The incidence of 

both these disorders has been negatively correlated with the 

concentration of calcium in fruit tissue (1,10,54). 

Pear fruit mineral analysis programs are possible in the 

Pacific Northwest for the 'Anjou' pear industry but important 

differences between 'Anjou' pears and apples may alter the approach. 

In most pear producing areas of the Pacific Northwest, 'Anjou' 

pears are stored in packing houses while 'Bartlet' pears are 

processed. Because of this pre-marketing storage period, a pre- 

harvest analysis may not be as critical as with apples which are 

marketed immediately. Sample collection would be much easier when 

pears are being processed in a packing house. A portion of 

Oregon's 'Anjou' packers sort pears by size between two and three 



weeks after harvest. Sorted fruit is then packed into boxes at 

various times throughout the marketing season. Sample collection 

during the initial sorting may be feasible. If the identity of 

pre-sorted fruit was maintained, it might be possible to pack and 

sell fruit likely to store poorly at an earlier date, before the 

occurrence of storage problems. Although it may be more desirable 

to use a post harvest sampling time, virtually all past research 

has dealt with pre-harvest mineral evaluations. There are 

important differences between pre-harvest and post-harvest samples. 

The mineral concentrations of pome fruit tissues change after the 

fruit is removed from the tree, because fruit minerals migrate 

along concentration gradients. However, total mineral content of 

the fruit remains the same before and after harvest. The pre- 

harvest mineral contents of both cortical and whole fruits have 

consistently been related to the incidence of physiological 

disorders. If mineral content relationships between tissues are 

strong and provide a good approximation of relative total fruit 

mineral content, a post-harvest evaluation may allow the use of 

tissues that are easier to analyze than the cortical tissue 

samples currently being used in pre-harvest evaluations. 

The study was conducted in 1985 and 1986 with samples 

collected from a Hood River, OR fruit packing house. Mineral 

analyses from extra fancy grade pears were compared with analyses 

from cork spotted 'Anjou' pears. Although cork spot was the major 

quality parameter evaluated, other quality parameters have been 

shown to be associated with the same nutritional factors that 

affect cork spot (54). Hopefully, procedures to minimize cork spot 



would generally improve quality. 

The objectives of this investigation were: 

1. Determine which pear fruit tissue might be the most useful 

tissue for use in a post-harvest fruit testing program. 

2. Determine how samples that vary in size should be evaluated, 

since, there is a relationship between fruit mineral concentration 

and fruit weight 

3. Determine what mineral indices should be used for the decision 

making process. 

4. Evaluate whether the expression of mineral concentrations on a 

dry weight or fresh weight basis alters interpretation. 



LITERATURE REVIEW 

Physiological Disorders: Bitter Pit and Cork Spot 

Many physiological disorders that lead to wastage of stored 

fruit are related to the mineral content of the fruit. In apple, 

mineral related disorders such as bitter-pit , senescent 

breakdown, and low temperature breakdown cause major storage 

losses (3,5,9,12,13,17,18,19,25,27,33,42,48,52,54,55). With the 

pear, particularly for 'Anjou', the disorders known as cork spot, 

black-end, and alfalfa greening have been related to fruit mineral 

levels (1,10,29,54,60). 

Bitter-pit is probably the most important disorder in 

apples (18). Small, brown, necrotic pockets of dry tissue 

disfigure the flesh of the fruit. They are found most frequently 

towards the calyx end of the fruit. Pits (pockets) are basically 

spherical and range from about 1 to 4 mm in diameter. These pits 

are normally found just below the peel in affected fruit, but may 

extend throughout the cortex. In some cases the pits can be 

spotted in intact fruit by the appearance of dark depressions in 

the peel (18). These visual symptoms are not always obvious in 

mature fruit at harvest but become more pronounced after a period 

of storage (2). The affected tissue is often bitter in taste and 

fruit are generally unmarketable (54). This disorder has been 

studied extensively since the middle of the nineteenth century. 

Cork spot in pears appears to be closely related to the 

bitter-pit disorder in apples. This disorder is the most severe 



physiologic disorder of 'Anjou' pears. Severely affected fruits 

develop visible sunken areas on the fruit surface that are darker 

green than the rest of the fruit. Underneath these depressions, 

commonly found near the calyx end, are pockets of necrotic tissue. 

These pockets may be directly beneath the skin or deeper in the 

cortical flesh tissue. The dry necrotic pockets become brown and 

resemble cork (29,32,54). Cork spot symptoms may be visible at 

harvest, thus allowing removal on the packing line before storage, 

but, many times the symptoms are not pronounced enough to cull out 

before storage. Fruit that was only marginally affected during 

the initial pack-out, or had not yet developed symtoms of the 

disorder, develop the symptoms following periods of storage (59). 

Not only are these affected fruit unmarketable in this affected 

state, but they ripen and senesce prematurely during storage. 

These fruits are also prone to developing fungal storage disease 

(54), which may lead to the infection of adjacent fruit. 

If one could predict which fruit would develop these 

disorders, they could be marketed before the disorder became 

severe enough to be rejected by the consumer. 



Orchard Factors 

Early work with bitter-pit of apples and cork spot in pears 

looked at the relationship of orchard factors to these disorders. 

Light winter pruning and summer pruning (38), in contrast to 

severe winter pruning (25), reduced the incidence of the disorder. 

Smaller fruit from heavily cropped trees generally have a lower 

incidence of the disorder than light cropped vigorous trees 

(18,40). A study conducted in Israel with apples, showed that 

reduced irrigation treatments in comparison to treatments 

receiving greater levels, had beneficial results in lowering 

bitter-pit incidence (22). Girdling of branches has increased the 

incidence of bitter pit. Summer defoliation has been shown to 

decrease bitter pit incidence in apples. Harvest maturity has 

consistantly been related to the incidence of bitter pit in 

apples. A later harvest date as opposed to earlier dates results 

in lower incidence of the disorder (18,19). Fruit located towards 

the exterior of the tree canopy have an increased incidence of the 

disorder. Fertility levels have also been shown to influence 

bitter pit incidence (19,32,40,50), with increased nitrogen levels 

being associated with increases in bitter pit. Applications of 

nitrogen as the nitrate ion opposed to applications of the 

ammonium ion reduced bitter pit incidence (38). 

Cork spot in pears has been studied to a lesser degree than 

bitter-pit in apples but, recent work has suggested many 

similarities. 'Anjou' pears typically have a relatively light 

fruit set in comparison to 'Bartlet' pears. The industry prefers 



smaller fruit. Many growers use heavy pruning as a method to 

stimulate fruit set. Heavy pruning may actually stimulate fruit 

growth, and with a moderate fruit load, this practice can lead to 

larger fruit. Trees receiving a light annual pruning will produce 

comparable yields, a more desirable fruit size, and produce less 

cork spotted fruit (59). Larger fruit, resulting from low bearing, 

vigorous trees (1,54), are more prone to the disorder than smaller 

fruit. Overholser, et al, in 1931 reported that in individual 

trees, low yielding (high vigor) seasons had a greater percentage 

of cork spot than in high yielding (low vigor) years (32). This 

suggests that the high vigor associated with low cropping levels 

makes for greater incidence of cork spot. 

Water relations have been shown to play a role in the 

development of cork spot in 'Anjou' pear. A Washington irrigation 

study found that a higher incidence of cork spot occurred in their 

wetter treatments (125% evaporation from a class A evaporation pan 

at two-week intervals). The study's lowest incidence of cork spot 

was found in the "dry" treatment, which was irrigated only three 

times during the season, once at 40 days after full bloom (AFB), 

once at 59 days AFB, and once more at 88 days AFB. A normal 

irrigation treatment, which consisted of 100% replacement of pan 

evaporation every two weeks, had an incidence of cork spot in 

between the dry and wet. Trees receiving the normal and wet 

treatment also had continued shoot extension throughout the 

season, and by 135 days AFB the shoots were almost twice as long 

as with the dry treatment (10). 

High vigor and low yielding characteristics of 'Anjou' on 



Pyrus betulaefolia rootstocks result in an increased incidence of 

cork spot (59). A study comparing performance of pear cultivars on 

different rootstocks hypothesized that 'Anjou' budded onto "Old 

Home" rootstocks could be of use for the reduction of cork spot 

due to the increased uptake of calcium by these trees (26). 
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Mineral Analysis and the Disorders 

In 1936, Walter DeLong showed that the flesh of apples with 

bitter-pit had a lower Ca content than apple flesh from non- 

affected fruits (12). DeLong also identified a correlation 

between the Ca content of the peels and the flesh. In his paper, 

DeLong concludes that this disorder, (bitter-pit) may arise as a 

result of competition between leafy shoots and fruit tissues for 

Ca during early stages of fruit development. This work has since 

become the basis of many studies throughout the world which have 

looked at the bitter-pit disorder in apples. 

Carman and Mathis, in 1956, presented results of studies they 

had conducted in Connecticut with Baldwin apples and bitter-pit 

(19). They discovered that sprays of Ca salts could reduce the 

incidence of the disorder and concluded that unbalanced fruit 

mineral ratios are the cause of bitter-pit with Ca being the key 

element involved. Carman and Mathis also speculated that Ca 

nutrition could be related to the traditional orchard factors 

that have been identified as influencing bitter pit incidence 

using the reasoning; a) ringing the branches promotes larger 

leaves, which require more Ca, thus creating increased competition 

for Ca supplies between leaves and fruit, b) heavy nitrogen 

fertilization produces an increase in the leaf to fruit ratio with 

a resultant shortage of Ca for the fruit; c) heavy pruning has the 

same effect of causing excessive foliage density; and d) 

defoliation reduces the demand for calcium by the foliage, thus 

allowing the fruit to get an adequate supply. This work set the 
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stage for future studies comparing fruit analysis results and 

orchard management practices with the incidences of physiological 

disorders. 

In 1967, R. 0. Sharpies showed that susceptibility to 

bitter-pit increased as the calcium level in the cell surface 

declined (49). He theorized that the concentrations of other 

minerals in the fruit, namely K and Mg were also important. 

Others report that ratios between the concentrations of either or 

both Mg and K with Ca are important to the incidence of bitter pit 

(5,13,19). Shear (51) is of the opinion that since K and Mg tend 

to accumulate in fruit at a fairly uniform rate in comparison to 

Ca, any reduction in Ca accumulation is reflected in a higher 

ratio of K or Mg to Ca. 

Sharpies evaluated several storage problems including the 

physiological disorders bitter pit and storage scald as well as 

pathological problems in apples (49). His results indicated that 

only the increased incidence of storage rots were directly 

correlated with the fruit nitrogen content, but the indirect 

effects of excessive nitrogen may alter bitter-pit incidence by 

increasing tree vigor, causing competition for Ca between fruits 

and shoots, and thereby causing Ca shortages in the fruit (49). 

Another study found that N:Ca in the fruit of 'York' apples is 

more closely related to the incidence of bitter-pit than Ca alone 

(52), suggesting that N may also play a direct role in the 

occurrence of bitter pit. 

Root growth can influence Ca uptake. In a literature review, 

Bangerth reports that high root respiration rates might diminish 
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Ca uptake. Also vigorous root growth can increase shoot growth, 

thereby creating increased competition between shoots and fruit 

for Ca. Since the soil Ca content is almost always adequate in 

most agricultural soils, plant transpiration leading to an 

increase in Ca uptake in the tree with a corresponding increase in 

mass flow of Ca in the soil solution to the roots, is more 

important to plant Ca uptake than increases in root exploration or 

activity (4). Summer pruning has been shown to increase fruit Ca 

levels in apples (40). Summer pruning which reduces the current 

season's vegetative growth, does so in part by a reduction in root 

growth (4). 

C. B. Shear (52), examined the interactions of calcium with 

the traditional environmental factors believed to influence 

various physiological disorders in perishable fruits and 

vegetables: moisture relations, light, general mineral nutrition, 

vegetative growth, and growth regulators. Moisture relations are 

difficult to interpret as almost every other factor is 

influenced by moisture supply. Increases in light intensity 

within the canopy, are hypothesized to cause an increase in 

metabolic activity in vegetative tissues, increasing their demand 

for Ca, and thereby causing increased competition between these 

vegetative tissues and the fruit. Increased photosynthetic 

activity may also cause an increase in the rate of fruit 

enlargement, thus diluting the Ca in the fruit. 

The cork spot disorder in pears has been shown to be related 

to fruit mineral concentrations in a similar manner as bitter pit 

in apples. Mason and Welsh reported that the cork spot disorder is 
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strongly associated with lower calcium contents in affected fruit 

vs. non-affected fruit (29). Woodbridge, found, in all orchards he 

examined that the Ca level was higher in normal 'Anjou' pear fruit 

than in those affected with cork spot. Magnesium levels were also 

reported to be higher in the non-affected fruit (60). 

Brun et. al., in his work with irrigation and 'Anjou' pears, 

found that his dry treatment (described earlier) had the highest 

levels of Ca in the fruit and peels and the lowest level of cork 

spot when compared to his other treatments. There was a steady 

dilution of pear fruit Ca concentrations as fruit weight increased. 

They also reported that trees with reduced shoot growth and 

smaller fruit, which occured in their "dry" treatment had higher 

Ca concentrations than fruit from trees in treatments which 

received higher irrigation levels. N:Ca ratios were lower in their 

dry treatment in comparison to their wet and normal treatments, 

which also had higher incidences of cork spot. Al-Ani, in 1978, 

found that the Ca concentration of the fruit and cork spot 

incidence were strongly negatively correlated and thus Ca 

deficiency in the fruit was a major factor in cork spot incidence. 

This correlation was significant as early as mid-July. The N:Ca 

ratio was found to have an even higher degree of correlation to 

the incidence of the disorder than either Ca or N alone (1). He 

did not find a correlation between cork spot and fresh weight of 

fruit. This is a deviation from most studies and Al-Ani explains 

this by stating that the trees in his study were predominantly 

older than 60 years. Such trees are not vigorous and bear small 

to medium sized fruits with medium to heavy crop loads. 
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R. Vas, reported that 'Anjou' pear fruits showed highly 

significant negative correlation between total incidence of cork 

spot and fruit Ca content. Fruit weight was also highly positively 

correlated to disorder incidence. He found higher correlation 

values using a Ca to weight ratio. No correlation was found using 

N, but if he used a N:Ca ratio, he obtained a significant positive 

correlation as early as mid-July. Positive correlations were 

also found for B, P/Ca, K/Ca, Mg/Ca, K + Mg/Ca, and cork spot. 

Negative correlations were found between P, Mg, Mn, Zn, S, Na, and 

Ca/K + Mg as well (54). 

A study in central Washington with 'Anjou' pears showed that 

as the nitrogen fertility level was increased, fruit and peel N 

contents were elevated. Fruit and peel N levels were generally 

lower in trees treated with calcium nitrate as opposed to trees 

receiving similar rates of N as ammonium nitrate. Fruit and 

peel Ca levels were higher in the treatments receiving the 

Ca(N03)2 as opposed to the treatments receiving NH^NOj (45). 

Mineral analysis of the peels showed the greatest 

differences between Ca levels in affected and unaffected fruit 

(60). In DeLong's early work with apples he also found that 

the peels of apples had greater mineral concentration differences 

between fruit with bitter pit and fruit without the disorder than 

cortical tissue. Kidson, et al, using mineral analysis to look at 

bitter pit in apples concluded that there was a clear relation 

between Ca content of the skin and bitter-pit in all apple 

varieties studied (24). Woodbridge suggests that the peel might be 

the best tissue to analyze for mineral content for a fruit testing 
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program looking for cork spot in pears (60). 

In summary, the physiological disorders, bitter-pit in apples, 

and cork spot in pears, have both been correlated to the 

concentration of Ca in the fruit. Research has shown that the 

flesh of fruit affected with these disorders, in general, has a 

lower calcium concentration than the flesh of non-affected fruit. 

Several investigations have shown that peel calcium is higher 

in non-affected than in affected fruit from similar lots of fruit, 

and in several cases the differences were greater than the 

differences in the flesh Ca from affected and non-affected 

fruit. 

Investigators have also found that many of the factors 

traditionally associated with the incidences of the disorders 

bitter-pit and cork spot, such as cropping levels, degree and 

timing of pruning, level of tree vigor, and irrigation practices 

can be explained by the effects these factors have on fruit 

calcium concentrations. 
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Prediction 

The ultimate goal of this research is to determine a 

method to predict the storage potential for each individual 

orchard's fruits. This prediction would be useful to operators of 

storage facilities as an aid to storage decision making. New 

Zealand and Great Britain currently use fruit analysis of apples 

for this purpose. 

Although most commercial programs use either whole fruits, 

opposite longitudinal sections with peel (55), or cortical plugs 

(14,53), there is still considerable controversy over which 

tissue is most desirable. Peels are the easiest tissue to analyze 

and, in some cases, peel minerals are more strongly correlated 

with storage disorders. However, peels are not currently being 

utilized commercially. 

Differences of opinion also exist with regard to what fruit 

mineral concentration threshold values (levels above which no 

bitter pit incidence was found) are applicable (14,53,59), or if 

thresholds are even appropriate (7). Whether a fresh weight or dry 

weight expression of mineral concentrations is most appropriate 

has not been resolved. 

A 1966 study's findings indicated that there is a highly 

significant linear relationship between Ca content of the peel of 

apples and bitter pit incidence after five months of storage. 

Therefore, the authors theorize, peel Ca concentration levels are 

closely related to pitting incidence. The study did not find a 

significant relationship with the flesh of apples. The conclusion 
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was that the data indicated that Baldwin apples should not be 

stored with peel Ca below .07% (13). 

M. Perring suggested that fruit analysis may become 

useful for the prediction of fruit disorders based upon reseach 

comparing mineral analyses with bitter pit incidence (42). Since 

then several researchers have used correlations between fruit Ca 

content and bitter-pit incidence to define minimum levels of fruit 

Ca content for accepting fruit destined for long term storage or 

export (7,39,40). In a later study, Perring and Sharpies in an 

examination of 'Cox's Orange Pippin' apple fruit, imported from 

New Zealand, found threshold levels of calcium concentrations at 

5 mg/100 g fresh weight in 1971 and about 5.5 mg/100 g fresh 

weight in 1974, the two years that were observed. After bulk 

samples were washed in distilled water, a transverse section one 

cm above the calyx was removed. The stalk and seeds were removed 

and these sub-samples were bulked together and analyzed (39). 

In earlier work, Perring et. al. showed, through mineral 

analysis, that within an individual apple fruit the concentrations 

of minerals vary with tissue type (43). The peel had the highest 

levels of mineral concentrations, followed closely by the core. 

The reported Ca levels of the cortex were substantially lower than 

either the core or the peel. Perring commented that due to the 

lack of homogeity between different fruit tissues, analyses based 

on portions of tissues or juice from certain regions will not be 

representative of the whole, and so the whole fruit must be used 

(43). DeLong, Kidson, and Drake's work with apples, and work with 

'Anjou' pears bear this out (12,13,25,60). However, since the 
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logistics of handling whole fruit is cumbersome, there is 

considerable interest in developing procedures using a smaller 

sub-sample. 

Perring et. al. suggests there is a common threshold level 

for Cox's apples and that it is 5.5 mg/lOOg (37,38), and 

emphasizes the need for standardization of tissue analysis. Turner 

et. al. felt that since the corking disorders are predominantly • 

found in the area of the outer cortex, sampling and analysis 

should measure the Ca concentrations in this region (53). The 

authors describe an experiment where they compared two sampling 

methods: samples consisting of slices with peels but with cores 

removed, compared with samples consisting of 7 mm x 1 cm plugs 

removed from just inside the skin. Using these 2 sampling 

techniques, Turner et. al. used correlation analysis to compare 

lots of fruit that had received varying levels of calcium sprays 

with bitter-pit incidence. A significant relationship between 

bitter pit and Ca concentration for both plugs and segment 

analysis was apparent, but when comparing treatments there was a 

significant interaction between sampling methods (plug or segment) 

and various spray treatments. A Ca spray treatment, had a final 

bitter-pit incidence of 7.6% compared to a combined Ca and P spray 

treatment, which had a pit incidence of 23.8%. Segment analysis 

found essentially no difference between the 2 treatments' Ca 

contents. Plug analysis gave values for the Ca treatment of 2.1 

mg/lOOg vs. 1.4 mg/lOOg for the Ca + P treatment, which was 

significantly different. Turner et. al. speculates that the 

applied Ca may have been immobilized on the skin by P 



19 

precipitation. Therefore, they feel using peel Ca concentration 

values, as prediction tools, as suggested by other authors, can be 

misleading when Ca sprays have been applied to the fruit. They 

felt that analyses which do not reflect the Ca contents of 

cortical tissue, or the degree of penetration of applied Ca into 

the cortex, will lead to erroneous conclusions, and called for a 

standardization of procedures if a program were to be established. 

Using plugs as a sub-sample, simplifies collection, transport, and 

preparation of samples in comparison to use of larger sub-samples, 

such as whole fruit. The Horticultural and Advisory Service, which 

does the fruit tissue sampling in the United Kingdom, collects 30 

whole fruits from each of 1,000 locations, and then processes them 

in five weeks. This pushes their facilities to their limit (15). 

In the Pacific Northwest, if a fruit analysis service was 

established, the logistics of sample collection and processing 

would be enormous with the large numbers of sampling locations and 

great distances to potential laboratory facilities. Using a 

smaller sample would definitely encourage any program's 

establishment and acceptability. 

A later study reiterated that cortical plugs provided a 

better indication of bitter-pit susceptibility than slices. Plugs 

enabled the identification of a common threshold level of Ca for 

all the fruit varieties they tested including 'Red and Golden 

Delicious' (14). 

Since peels and cortex differ in Ca concentration, the value 

for longitudinal slices with peels attached will be very dependent 

on the amounts of both types of tissue in a given slice. 
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Individual slices may vary because of the geometry of the slice. 

It is possible that this may account for less predictability when 

using slices compared to cortical plugs. Although contamination of 

peels from Ca sprays is a source of error, peel values naturally 

vary more than the difference caused by a spray program (46), thus 

spray contamination may not be a severe problem in separating high 

from low Ca fruit. 

There is considerable disagreement over the usefulness of 

threshold values (16). If one examines Sharpies and Perrings' 

results, only one group of samples was over 5.5 mg/lOOg fresh 

weight. There were samples with a 0% bitter-pit incidence with Ca 

levels as low as 4.0 mg/lOOg fresh weight. One can also find 

samples with a pit incidence as high as 20% at the 4mg Ca level. 

Only five samples out of 44 had a pit incidence greater than 20%. 

This indicates that even if it were possible to find threshold 

levels, few orchards can obtain them (39). 

Wills, et. al., examined lots of 'Cox's Orange Pipin' fruit 

from several orchards in each of three separate districts in New 

Zealand. Apples within each sample were not washed. The core 

area and stalks were removed and the rest of the fruit homogenized 

in a blender and analyzed. While they found significant 

correlations between bitter-pit incidence and Ca concentrations 

within districts, they also found that the threshold levels above 

which no bitter-pit occured, varied between districts and between 

seasons. These threshold levels varied from 2.5 mg/100 g fresh 

weight to 7.0mg /100 g fresh weight. They concluded, that while, 

within a certain group of fruit, Ca concentration is well 
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correlated with bitter-pit, there is some unknown factor in the 

fruit which increases or decreases the susceptibility of the fruit 

to pit. Differing levels of this unknown factor could then 

explain the differences in threshold values between regions and 

seasons. Not withstanding, though, they give a level of 2 mg/100 g 

fresh weight as a reject point for long-term storage or export 

bound fruit (57). 

Wills also points out that he found an equally significant 

correlation between pit and Ca three weeks before harvest, but 

that the fruit Ca concentrations were slightly higher than with 

post-harvest sampling. Sharpies, in conjunction with Turner and 

Ferguson, states that the discrepancies found by Wills, et. al. 

(57), i.e. the variability of threshold levels ranging from 2.5 

mg/100 g to 7.0 mg/100 g fresh weight as compared to Sharpies' 

earlier work which found threshold levels that were consistant 

between years and seasons, could result from sampling differences 

(53). The authors conclude that their work confirms other works 

that suggest a rejection point of 4 mg/100 g fresh weight. 

Contrary to Wills, et. al., they recommend a threshold value would 

be useful in New Zealand, as well as elsewhere. 

J. Van der Boon has done extensive work on the subject of 

prediction and control of bitter-pit in the Netherlands. Using 

fruit analysis with whole apples, skin intact but seeds and stems 

removed, and comparing multiple years of analyses from a wide 

range of treatments involving Ca sprays and soil treatments of Ca, 

he concluded that bitter-pit is related to a low Ca level in the 

fruit flesh, but the slopes of regression lines relating the 
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percentage of bitter-pit to either fruit Ca concentration or (K + 

Mg)/Ca differed each year. A threshold level for fruit Ca 

concentration equal to or greater than 32 mg/100 g dry weight 

(equal to 4.8 mg/100 g fresh weight) could be established where 

bitter-pit is unlikely to occur (7). However, this level is at the 

extreme end of the scale and is very difficult to obtain. It was 

only obtained by a small minority of samples and only in two of 

the five years in which observations were taken. Since the extent 

to which bitter-pit occurred at any fruit Ca concentration below 

this threshold level varied year to year, the prediction of 

bitter-pit incidence on the basis of fruit analysis alone is of 

limited value. Other factors are also very important, but Ca 

concentrations or (K + Mg)/Ca may be very useful for indicating 

the general level of bitter-pit risk (5,6,7). 

Bramlage, Autio, and Weis give a regression equation they 

developed using fruit analysis with tissues from the outer cortex 

for predicting amounts of bitter-pit that can be expected in lots 

of 'Cox's Orange Pippin' apples (3). They used Ca and K 

concentratiom data collected in 1966 to develop their regression 

equation to predict bitter-pit incidence. Then data from fruit 

mineral analyses, combined with bitter-pit incidence data 

collected in 1969 were tried in the equation. They report a highly 

significant r value when correlating prediction results with 

the actual results. However, if one takes their data and uses 

their equation, the relationship between predicted and actual 

disorder is good, but the equation over-predicts by a large 

amount. Over-prediction is as useless to marketing decisions as 
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under-prediction. 

Workers at Oregon State University have tried using 

regression analysis to develop methods to predict cork spot in 

'Anjou' pears. In 1978 it was determined that below a fruit Ca 

concentration of 7 mg/100 g fresh weight and above an N:Ca ratio 

of 6, one could expect a cork spot incidence of 10% or more. A 

threshold value of 8 mg/100 g fresh weight coupled with an N:Ca 

ratio of 8 was established (1). They found that the severity of 

o 
cork spot was related to the water soluble Ca levels (r = 0.81) 

2 
in the fruit at harvest. This same association was less (r = 

0.74) if total Ca concentrations were measured. But after 8 

months in storage, correlation using total Ca concentrations as 

related to cork spot severity were much higher than with water 

soluble calcium concentrations. After 8 months in storage 65% of 

the total cork spot could be accounted for by total calcium 

concentrations along with an N:Ca ratio. A 1984 study using 1982 

and 1983 'Anjou' pear fruit from Hood River, OR, used regression 

analysis to develop an equation that would determine the amount of 

cork spot which a particular orchard might develop during storage 

(54). Samples were composed of opposite pear quarters, cut 

longitudinally with the seeds and stems removed, and collected at 

harvest. In this study there was a substantial difference in fruit 

Ca concentrations for the two seasons during which his 

observations were taken. Only one sample out of 60 was above the 

1978 threshold level of 8 mg/100 g fresh weight, and this sample 

had a 2% incidence of cork spot. In 1983 none of the Hood River 

pear samples had higher than 5.5 mg/lOOg fresh weight and all of 
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the N:Ca ratios were over 10, yet average cork spot incidence was 

only 12%. A new regression equation was established to predict 

cork spot for Hood River samples. Unfortuneatly, relationships in 

the Hood River samples did not apply to data from Wenatchee, 

Washington compiled in 1981 and 1982 (16), indicating that a 

different method of cork spot prediction or storage risk 

evaluation is needed to be able to apply such a system 

inter regionally. 

Even if a standardized sampling procedure, mineral indices, 

and means of expression are developed, problems exist with 

sampling and analytical procedures. In studies where similar 

samples have been sent to different laboratories, different 

results were obtained (16,22). Processing and preparing dried 

fruit is difficult. Dried fruit tissue is extremely hygroscopic 

making dry weights difficult to determine accurately (53). Dried 

fruit tissue is also very difficult to process in traditional 

plant tissue grinders common to plant analysis laboratories. 

Rather than drying the tissue, an alternative method is to 

homogenize the sample with water and remove a sub-sample for 

analysis (18,55). This allows rapid processing, but there is some 

difficulty in insuring that the sub sample is truly 

representative. Fortunately, although actual values often differ, 

most laboratories can place the orchards they sample in the same 

relative order based on the magnitude of the concentration values 

(16). 

In summary, low fruit Ca levels as well as high N:Ca ratios 

have been continually associated with the incidence of both 
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bitter-pit in apples and cork spot in pears. Unfortunately, it 

appears that there is seasonal, as well as, regional variation in 

fruit N:Ca ratios and Ca concentration levels in 'Anjou' pears, 

and several varieties of apples, although the severity of the 

variability in apples is disputed. Although programs have been 

established in England and New Zealand which combine critical 

concentrations with orchard management and environmental factors, 

and are used with relative success (55), prediction equations 

developed using regression analysis, or the use of critical 

concentrations, do not appear to have a high enough degree of 

usefulness to be widely accepted in the Pacific Northwest's 

'Anjou' pear industry. 
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A Ranking System For Orchard Storage Evaluation 

When plotting N:Ca for 'Anjou' pear samples in which 

significant correlations were found between N:Ca and cork spot 

incidence (1,10,54), against cork spot incidence, a minimum 

threshold level of 3.5 can be assigned. However, this value is 

very rarely achieved. As with Van der Boon's apple data (6), the 

amounts of the disorder occurring at ratios above this threshold 

were more dependent on the year, than their N:Ca ratio. The cork 

spot incidence could not be accurately be predicted from the N:Ca 

ratio consistantly between years and regions. When the orchards in 

these studies are ranked by their N:Ca levels, as well as by their 

cork spot incidence, and these two rankings are compared, there is 

a good relationship between ranked N:Ca, and the ranked cork spot 

incidence. Orchards which had low cork spot rankings (orchards 

with low cork spot incidence relative to the rest of the group), 

also had low N:Ca rankings. Orchards having high cork rankings, 

had high N:Ca rankings. The authors believe that a ranking system 

based on mean orchard N:Ca ratios could be useful to the 'Anjou' 

pear industry for the purpose of storage and marketing strategy 

planning. Mean N:Ca would be determined for all orchards going 

into a common storage facility. Orchards would then be ranked on 

the basis of their mean N:Ca. Those orchards having lower N:Ca 

would be ranked below those having higher N:Ca. A low ranked 

orchard's fruit would then be marketed later than the fruit from 

an orchard with a higher ranking. A system such as this would work 

regardless of location, season, or analytical differences that 
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might arise between fruit analysis labratories in years that have 

relatively high cork spot incidence. In years where the cork spot 

incidence is low a ranking system would probably be at least as 

good a system as using a system based on regression equations. It 

may be possible that with improved mineral analysis techniques, 

usefulness of a ranking system usefulness could be improved. If a 

post-harvest sampling time could be used, it might be possible to 

intiate a mineral anaylsis ranking system after it has been 

determined that there was a cork spot problem with the fruit in 

storage. The next step is to determine what fruit tissues to. sample, 

whether a post harvest sampling time could be useful, and what the 

best mineral indices would be to use in the ranking system. 
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Sample Timins 

Pome fruit accumulate a major portion of their total mineral 

content during the first six weeks after petal fall. Following 

this period of accumulation, the mineral contents are diluted as 

the fruit expands (2,10). Studies have shown that the cork spot 

disorder in 'Anjou' pears, as well as, the bitter-pit disorder in 

apples, are as significantly correlated with fruit weight as with 

Ca concentration (49,54). Many also believe that orchard factors 

such as crop load, leaf to fruit ratios and summer temperatures 

should be given consideration in any predictive equations (7). 

Researchers have found acceptable correlations between 

mineral concentrations and the bitter-pit or cork spot disorders 

as early as the fruit set stage in fruit development (1,2,52). 

Vas (54), recommends a sampling date in mid-July for use with his 

equation. Studies showing a decline in fruit Ca concentrations 

with increasing age of the fruit, suggest that it will be 

important to compare fruit of uniform ages. However, as long as 

differences in indices correlate with the disorders, sampling time 

may not be critical. Sampling apples early in the season is 

preferable to give time to process samples and make decisions in a 

timely manner before the onslaught of harvest. Timing of a pre- 

harvest sampling period would have to be consistant due to the 

dilution effect of fruit growth. A post-harvest sampling time, for 

fruit that can be stored before marketing, would enable the 

sampling time to fit in with the working capacity of fruit 
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analysis labs. A post-harvest sampling timing would also eliminate 

the dilution effect caused by decreased mineral uptake in 

relationship to fruit expansion. Since total fruit mineral content 

does not change following harvest, relationships between fruit 

mineral contents and post-harvest physiological disorders which 

existed just before harvest should also exist following harvest. 

How to handle fruit of uniform age but of differing sizes 

is a question that needs addressing. Ca concentration differences 

that are related to differences in fruit size are one of the major 

problems associated with the sampling of fruit of different size. 

It may be possible to statistically account for different sizes 

and rank orchards for size corrected calcium values. 

Another problem with sampling time exists. After pome fruit 

are harvested, there appears to be a migration of the water 

soluble mineral constituents of the fruit. Following harvest, Ca 

has been observed to move from areas of the fruit that have a 

relatively high concentration to areas which have a low 

concentration (1,32,36). So, although total mineral content 

remains stable after harvest, mineral concentrations gradients 

within the fruit change in proportion. This movement of minerals 

after harvest could interfere with the interpretation of results 

of a fruit mineral analysis based on a specific fruit tissue 

depending on whether the sample is taken before or after harvest. 
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Summary 

The physiologic disorder of 'Anjou' pears known as cork spot 

has been shown to have a strong relationship with the mineral 

concentrations within the fruit. Low Ca concentrations, and high 

N:Ca ratios favor occurrence of the disorder. Incidence of the 

disorder varies seasonally, between growing regions, and between 

orchards within the same growing region. In these respects cork 

spot of pear closely resembles the disorder bitter-pit in apples. 

Large monetary losses to both growers and packers can result. 

Therefore substantial efforts have been made to find methods that 

could identify lots of fruit which are susceptible to the cork 

spot disorder before it occurs. Those susceptible fruit could then 

be marketed before deterioration and thereby decrease storage 

losses. 

Regression analysis, on the results of fruit mineral 

analysis, has produced prediction equations for both the bitter- 

pit disorder in apples and the cork spot disorder. None of the 

cork spot equations have been proven to be acceptable to growers 

and packers in the Northwest because of the variability of the 

disorder between years and regions. A ranking system, using 

fruit analysis, appears to have potential usefulness for the 

identification of relatively susceptible fruit within individual 

regions. Questions involving sample timing, differing fruit size 

comparisons, mineral indices, and sampling procedures still need 

to be answered before a fruit testing program could be initiated 

for 'Anjou' pears in the Pacific Northwest. 



Differences Between Mineral Analyses from Cork Spotted 

and Extra Fancy 'Anjou' Pear Fruit 

Abstract 

Cork Spotted and extra fancy 'Anjou' pears (Pvrus communis) 

from five different orchards were analysed for mineral 

concentration in 1985 and 1986. Six types of sub-samples were 

evaluated for mineral content differences between extra fancy 

and cork spotted pears. Pears were collected approximately 2 weeks 

after harvest from a packing house in Hood River OR . The types of 

sub-samples were; peels, opposing tangential slices with peels, 

opposing tangential slices without peels, 7 mm x 2 cm cortical 

tissue plugs from the area next to the core, 7 mm x 2 cm cortical 

tissue plugs from the area just inside of the peel, and the cores 

including seeds. Results indicated that there were significant 

differences between cork spotted and extra fancy pear fruit with 

Ca and N:Ca in all types of sub-samples. This was true using 

either a dry weight or fresh weight expression. Dry weight 

expressions also revealed statistically significant differences in 

Mg concentrations, in both years, and in B and K concentrations, 

in 1986, that were less apparent when fresh weight was evaluated. 

In general, the mineral concentrations of the six sub-sample types 

were strongly correlated. The peels were the easiest type of sub- 

sample to collect, prepare, and analyze of the six sub-sample 

types evaluated. A peel N:Ca value of 6.3 was found, below which 

cork spot did not occur either year. A consistant minimum or 
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maximum value could not be found, that would separate the cork 

spotted from extra fancy fruit when other tissues or mineral 

indices were used. 



33 

Introduction 

The 'Anjou' pear is one of the major tree fruit crops being 

produced in the Pacific Northwest. This pear is fresh marketed 

following periods of storage under refrigeration or controlled 

atmosphere. Storage is of critical importance to the 'Anjou' pear 

market, as without storage, the market would be glutted. 

Although, under optimal conditions pears may be stored for periods 

greater than 8 months, 'Anjou' pears are susceptible to several 

storage related physiologic disorders. The most serious of these 

disorders is cork spot (52). In a severe cork spot year, over 

60 percent of the stored crop may be lost. Some affected fruit 

can be detected at harvest, but, cork spot severity increases 

during storage. Thus, marginally affected fruit, fruit that was of 

satisfactory quality at harvest, may become unmarketable during a 

storage period (59) . Cork spot is similar to the bitter-pit 

disorder in apples. 

The incidence of cork spot has been negatively correlated 

with the concentration of Ca in fruit tissue (1,10,54,60). High 

N:Ca ratios in 'Anjou' fruit tissues favor the disorder (1,10,54). 

Mineral analysis of the fruit seems to provide a more useful 

indication of the future storage potential of apple fruit than 

leaf analysis (52). Storage facility operators, growers, and 

others, are interested in the development of a fruit analysis 

program that would help identify fruit likely to have a high 

incidence of storage disorders. Fruit with a high risk for long 

term storage could presumably be marketed after only a short 



34 

period of storage while the fruit is still sound. 

Fruit mineral analysis is currently used in the United 

Kingdom and New Zealand to enhance fruit quality by providing 

information that aids the storage decision making process with the 

major apple cultivars in those countries. Results are obtained 

prior to harvest and fruit likely to store poorly is marketed 

immediately. Although other elements are also important, the Ca 

concentration of cortical tissue is most useful. 

Similar programs are possible in the Pacific Northwest but 

important differences between 'Anjou' pears and apples may alter 

the approach. The majority of 'Anjou' pears receive a period of 

cold storage conditions before they are marketed. A pre-harvest 

analysis may not be as necessary since, unlike apples, 'Anjou' 

pears are not marketed immediately. Fruit sample collection would 

be much easier if performed while pears are being processed in a 

packing house. Furthermore a post-harvest evaluation may allow the 

use of tissues that are easier to analyze than cortical tissue. 

There are several problems with the interpretation of fruit 

analysis (55) , but standardized sampling methods might reduce 

interpretation problems (14,51,55). There are large differences 

in the concentrations of mineral elements within apple and pear 

fruit. Ca and other mineral concentrations are highest in the core 

and peel tissues and lower in cortical tissues. To eliminate 

substantial sub-sampling errors caused by these large 

concentration differences, whole fruit sampling, minus only the 

seeds and stems has been proposed (55). Others have shown that 

small plugs of cortical tissue removed from just below the peel 
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surface give the best, and most consistently reproducible, 

indication of bitter-pit susceptibility, especially where Ca 

sprays have been applied (14,53). Additional reports suggest that 

differences in the Ca concentration of the peels from unaffected 

and bitter-pitted fruit were greater than differences found in 

other fruit tissues (12,25). Similar results have been reported 

for cork spot in 'Anjou' pears (60). Therefore, it may be possible 

that a sampling procedure, utilizing the mineral concentration of 

one fruit tissue type, such as the peel, rather than a blend of 

tissues, such as samples composed of opposing tangential slices or 

whole fruit, might be the most appropriate sub-sampling procedure 

for detecting a specific disorder. 

Further disagreement exists in the expression of the 

analytical results. In England, a fresh weight expression is used 

to minimize the effect of year to year differences between the dry 

weight contents of fruit tissues (18). Other researchers feel that 

a dry weight expression is adequate (5). Using ratios between 

elements eliminates the dry weight-fresh weight controversy. 

Ratios between elements within the samples will be the same 

regardless of expression method. 

More questions exist on which specific indices best separate 

susceptible and non-susceptible fruit. Calcium concentration is 

the index most related to the disorders, but (K + Mg)/Ca , K/Ca, 

and N/Ca also have been used in apple fruit (2,7,12,13,40,55,57). 

Calcium, N:Ca ratios, and fruit weight have been found to 

correlate with cork spot in Anjou pears (1,10,54,60). Fruit weight 

may be as useful as Ca or N:Ca due to the strong negative 
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relationship between fruit mineral concentration and fruit weight 

(54). Fruit samples that vary in size would be difficult to to 

evaluate. 

Even if standardized sampling procedures, concentration 

expressions, and mineral standards are developed, implementing a 

commercial program will be difficult. In studies where identical 

fruit tissue samples have been sent to different laboratories for 

mineral analysis, different results were obtained from diferent 

labratories (16,24). Mineral concentrations within fruit tissues 

are low and more difficult to measure than with leaf tissue. 

Processing fruit tissue for analysis is difficult and may explain 

some of the inconsistencies between previous studies. Fruit 

tissue dries slowly and is extremely hygroscopic (53) making dry 

weights difficult to accurately determine. Dried fruit tissue is 

also very difficult to process in traditional tissue grinders 

found in plant analysis laboratories. An alternative method 

involves homogenizing the tissue with water and removing an 

aliquot for a wet digestion followed by a mineral analysis (53). 

This allows quick processing, but there is some difficulty in 

insuring that the aliquot removed is truly representative of the 

whole. Although no approach is perfect, the small cost of analysis 

relative to the potential value of the crop makes analytical 

services attractive. Successful identification of potential 

storage problems one year out of five represents a huge financial 

savings. 

This study was initiated to answer specific questions on 

sampling approaches for 'Anjou' pear fruit. Although cork spot was 
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the major quality parameter evaluated, other quality parameters 

have been shown to be associated with some factors that affect 

cork spot. Hopefully procedures to minimize cork spot would 

improve overall quality during periods of storage. 

The objectives of this investigation were: 

1. Determine which pear fruit tissue might be the most useful 

tissue for use in a post-harvest fruit testing program. 

2. Determine how samples that vary in size should be evaluated, 

since there is a relationship between fruit mineral concentration 

and fruit weight. 

3. Determine what mineral indices should be used for the decision 

making process. 

4. Evaluate whether the expression of mineral concentrations on a 

dry weight or fresh weight basis alters interpretation. 
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Materials and Methods 

Samples were collected from a packing house in Hood River OR. 

One box each of extra fancy pears and one of cork spotted culls 

were collected from each of 5 orchards in 2 successive years 

(1985,1986). Fruit from each of the five orchards, for each year, 

passed through the packing line separately on the same day. Sample 

collection occurred on September 18, 1985 and September 25,1986. 

At this time the fruit had been in refrigerated storage for 2 to 3 

weeks. Extra fancy fruit were collected before the fruit had been 

waxed. Cull fruits also received no wax. Average size fruits for 

each specific orchard (determined by visual inspection) were 

collected. Next, culls of similar size from the same orchard 

were collected. Pears were immediately transported to Corvallis 

OR and briefly stored at -1 Celsius until processing was 

complete. 

Samples were weighed, washed in a mild detergent-chelating 

solution, and rinsed in distilled water 3 times to remove any 

contaminants, such as soil or spray residue, from the fruit 

surface. 

Each sample consisted of pears of approximate equal size. A 2 

pear sample size was used to obtain enough material to adequately 

analyze each of the 6 individual tissue types making up the sub- 

samples. 

First, the stem third of the pears was removed and discarded 

leaving the calyx two thirds of the fruits. This was done because 

the disorder has reportedly been found predominately 
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in the calyx end of the fruit (18). The remaining 2/3 fruits in 

each sample were divided into 6 different tissue types: cores, 

tangential slices with and without peels, the peel itself, 

interior cortical tissue plugs, and exterior cortical tissue 

plugs. Cores (including seeds) were removed in a 1.5 cm cylinder 

extending to the bottom of the coreline. Four opposing tangential 

slices were then removed, 2 with and 2 without peels. The removed 

peels made up the forth sub-sample. The remaining 2 pear quarters 

were then sliced equatorially into 2 cm thick sections. Three 7 mm 

diameter plugs were then removed from the area right next to the 

core in each of the four sections of the sample. In a similar 

fashion, 3 plugs were removed from tissue immediately below the 

peel in each of the same 4 sections. Therefore each cortical plug 

sub-sample was made up of 12 plugs. The samples were replicated 

5 times. Thus a total of 60 sub-samples per orchard (30 spotted 

and 30 nori-spotted) were analyzed. 

The fresh sub-samples were then air dried to complete 

dryness in a 60 Celsius tunnel drier. Drying took up to 10 

weeks for difficult-to-dry tissues such as interior cortical 

plugs. After dry weights were determined, samples were ground to a 

homogenous powder in a Waring blender. 

Nitrogen content was determined following a micro-Kejldal 

digest using a boiling salt mixture composed of sodium sulfate, 

copper sulfate and selenium metal as a catalyst. Ammonium was 

determined with an auto-analyzer using a sodium hydroxide reagent 

coupled with alkaline phenol and sodium hypochlorite. Twenty-one 

other mineral element concentrations were determined using a 
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Jarrel-Ash ICAP spectrometer. This was done by dry ashing 

approximately 1 gram of the dried sub-samples at 500 Celsius for 

6 hours. Next the dried samples were diluted with 10 ml of 10% 

HC1. The diluted samples were then analyzed. Concentrations 

were expressed on both a dry and fresh weight basis. 

The data for each type of sub-sample were analyzed 

seperatelyas a 2 factor factorial. The factorial design had 

orchards at 5 levels, condition (disordered or not) at 2 levels, 

and 5 replications. N, Ca, Mg, B, P, K, N:Ca ratios, Mg+K/Ca 

ratios and K:Ca ratios were analyzed as the independent variables. 

Tissue types were also compared using simple correlation and 

regression analysis. An analysis of covariance was also utilized, 

with fruit fresh weight as a covariate, to evaluate how sample 

weight affects mineral concentration and how the incidence of the 

disorder is affected by both factors. 
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Results and Discussion 

Discussion on Sample Handling and Preparation 

Pear fruit tissue was very difficult to handle using the 

typical dry ash procedures commonly used for leaf tissue analysis. 

The hardest to dry tissues (cortical plugs and longitudinal 

slices) took up to 2 months to dry. This is clearly too slow for a 

fruit analysis system on which storage decisions would be 

partially based. However, peels dried in less than 1 week using a 

tunnel drier. Although wet digestion techniques on fresh tissue or 

freeze drying may circumvent difficulties, using standard drying 

procedures on peels is an attractive and easily implemented 

alternative. In subsequent trials, peels were microwave-dried, 

allowing rapid processing without affecting the results. 

Dried cortical tissue is extremely hygroscopic. Exposing dried 

cortical tissue to the humidity within the labratory resulted in 

the rapid hydration of the tissue. This caused problems with 

grinding the dried sub-samples into homogenous powder, which is 

necessary to obtain a representative amount of the sub-sample for 

analysis. A Waring blender was used and found to be adequate for 

grinding a small number of samples. On a commercial basis this 

method would be time intensive. Peel samples, in contrast, were 

far less hygroscopic, and ground easily in standard leaf tissue 

griders. The rest of the analysis procedures (weighing, ashing, 

dissolving, and analysis) worked equally well and satisfactorily 
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on all the pear sub-sample types. Although there was some concern 

that the hygroscopic nature of some tissues would make weighing 

samples difficult and subject to error, this was not a serious 

problem. Keeping tissues in a desiccator immediately after 

grinding and before weighing, minimized inaccuracy. 



43 

Separation of Extra Fancy From Disordered Fruit 

Mean values for the concentrations of N, Ca, B, K, and Mg for 

each tissue type indicated that fruit mineral concentrations in 

general were higher in 1985 than 1986. The orchard means of the 

fruit concentrations of these elements are listed in tables 1-5. 

There were mineral concentration gradient trends visible between 

different tissue types. Nitrogen concentrations were highest in 

the core tissue, slightly lower in the interior cortex tissue, 

followed by peels, and the lowest concentrations were found in the 

exterior cortex tissue. Calcium concentrations were highest in the 

cores, lower in the peels, followed by interior cortical tissue 

and lowest in the exterior cortex. Boron concentrations followed 

the N trend. Potassium concentrations were highest in the interior 

cortex, lower in the core, followed by the exterior cortex and 

generally lowest in the peels. Magnesium concentrations were 

highest in the core, followed by peel tissue, and very similar in 

concentration in the exterior and interior portions of the cortex. 

Tables 1-5 also illustrate that there were mineral 

concentration differences between orchards and also between cork 

spotted and extra fancy fruit within each orchard. F-ratio values 

(presented in appendix Tables 1-4) indicated that there were 

significant differences between cork spotted fruit and extra fancy 

fruit. Although either fresh weight or dry weight expressions 

provided similar interpretations, fresh weight expressions 

generally had lower levels of significance, thus, only dry weight 
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data are presented. Tables 1-3 display the means of N and Ca 

concentrations on a dry weight basis as well as the means of the 

N:Ca ratios for disordered and fancy fruits for both years of the 

experiment. Calcium concentrations provided the greatest 

separation between fruit classes for both years and for all fruit 

tissues on both a fresh and a dry weight basis. N:Ca ratios were 

the next best mineral index for the purpose of separating the 

classes in both years based first on F-ratio tests,(see appendix 

Tables 1 and 3) and then on individual mean separation indicated 

in Tables 1-3. The peel and the cortex tissue (tangential slices 

without peels) showed the greatest difference between classes 

using Ca concentration and N:Ca ratio based on magnitude of F- 

values along with individual mean separation. This was consistent 

for both years. With the exception of orchard number 4 in 1985, in 

which the cork spotted class was only mildly affected with the 

disorder in comparison with cork spotted culls from other 

orchards, there was virtually no overlap of peel values in either 

1985 or 1986 for Ca content or for N:Ca ratios. While cortex 

(tangential slices without peels) analysis provided good 

separation of classes both years, there were more overlapping 

values for cortex tissue with Ca concentration and N:Ca ratios in 

1985. The 1986 cortex values don't overlap but there is not the 

degree of separation in Ca content between classes as there is 

with peels. In 1986 cortex tissues do show a clear separation of 

classes with N:Ca ratios. With the peels one could designate a 

critical value N:Ca ratio of 6.3, below which no cork spot occurs 
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Table 1 Comparisons of the N content, Ca content, and the 
N:Ca ratio for the peel and cortex tissues of extra 
fancy and cork spotted fruits from five different 
orchards in 1985, and 1986. Cortex tissue is from 
tangential slices without peels. 

Tissue Tvne Extra Fancv Fruit Cork spotted Fruit 
Nz Ca^ N:Ca N Ca N:Ca 

1985 

Peel 
Orchard 1 .52 904 6.0 .56 728 8.6* 
Orchard 2 .44 1009 4.5 .50 810 6.7 
Orchard 3 .61 988 6.3 .55 519** 10.7** 
Orchard 4 .37 826 4.6 .39 773 5.4 
Orchard 5 .49 1021 5.0 .44 526** 9.1** 

Mean .49 949 5.3 .49 672** 8.1** 

Cortex 
Orchard 1 .44 339 13.0 .56 289 19.9** 
Orchard 2 .40 532 8.2. .40 385** 10.8 
Orchard 3 .56 444 12.6 .49 272** 19.0** 
Orchard 4 .32 481 6.8 .35 391 9.5 
Orchard 5 .44 511 8.8 .40 279** 15.2** 

Mean .43 462 9.9 .44 323** 14.9** 

1986 

Peel 
Orchard 1 .52 876 6.0 .50 354** 14.7** 
Orchard 2 .48 891 5.4 .44 288** 15.4** 
Orchard 3 .43 871 5.7 .41 356** 11.7** 
Orchard 4 .31 660 4.9 .40 393* 10.2** 
Orchard 5 .49 906 5.6 .47 569** 8.4* 

Mean .44 841 5.6 .44 391** 12.1** 

Cortex 
Orchard 1 .44 474 9.6 .47 188** 26.1** 
Orchard 2 .37 398 9.7 .36 166** 21.5** 
Orchard 3 .38 453 9.2 .41 243** 17.1** 
Orchard 4 .27 368 8.1 .35* 203** 17.2** 
Orchard 5 .39 462 9.0 .43 316* 14.2 

Mean .37 431 9.1 .40 223** 19.2** 

*, **, class means within orchards are significantly different at 
the 5% or 1% level respectively. 
ZN expressed as % N per unit dry weight. 
^Ca expressed as ppm Ca per unit dry weight. 
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Table 2    Comparison i of the N content, Ca content, a nd N:Ca 
ratios of four pear  tissue typ es for five different 
orchards in 1985. 

Tissue Type Extra Fancy Fruit Cork Spotted Fruit 
Nz cay N:Ca N Ca N:Ca 

Interior 
Cortical Plug 

Orchard 1 .86 658 13.3 .92 504 18.7** 
Orchard 2 .62 919 7.1 .60 719* 8.6 
Orchard 3 .93 768 12.1 .76 575* 13.8 
Orchard 4 .44 691 6.5 .48 626 8.0 
Orchard 5 .74 839 9.1 .54 488** 11.8 

Exterior 
Cortical Plug 

Orchard 1 .34 334 10.3 .40 275 16.0** 
Orchard 2 .31 525 6.3 .33 374* 9.1 
Orchard 3 .48 437 11.4 .40 262* 16.2* 
Orchard 4 .27 435 6.3 .29 381 7.7 
Orchard 5 .39 522 8.2 .32 256* 14.2** 

Core 

Orchard 1 1.58 1510 10.6 1.43 1116* 13.3* 
Orchard 2 1.40 1912 7.5 1.20 1534* 8.2 
Orchard 3 1.46 1512 9.7 1.35 1211 11.6 
Orchard 4 1.00 1214 8.3 1.01 1257 8.1 
Orchard 5 1.30 1516 8.8 1.14 945** 12.7** 

Tangential 
Slice w/Peel 
Orchard 1 .47 487 10.0 .53 415 13.4 
Orchard 2 .42 654 6.8 .42 516* 8.8 
Orchard 3 .60 590 10.1 .51 358** 14.4* 
Orchard 4 .33 519 6.5 .36 497 7.9 
Orchard 5 .47 639 7.6 .38 328** 12.4** 

*, **, class means within orchards are significantly different at 
the 5% or 1% level respectively. 
ZN expressed as % N per unit dry weight. 
^Ca expressed as ppm Ca per unit dry weight. 
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Table 3    Comparison  of the mean N content, Ca content, and 
N:Ca ratios of four pear tissue types for five 
different orchards  in 1985. 

Tissue Tvoe Extra Fancv Fruii 
Nz Ca* N:Ca 

Interior 
Cortical Plug 

Orchard 1 .86 658 13.3 
Orchard 2 .62 919 7.1 
Orchard 3 .93 768 12.1 
Orchard 4 .44 691 6.5 
Orchard 5 .74 839 9.1 

Exterior 
Cortical Plug 

Orchard 1 .34 334 10.3 
Orchard 2 .31 525 6.3 
Orchard 3 .48 437 11.4 
Orchard 4 .27 435 6.3 
Orchard 5 .39 522 8.2 

Cork Spotted Fruit 
N Ca N:Ca 

92 504 18.7** 
60 719* 8.6 
76 575* 13.8 
48 626 8.0 
54 488** 11.8 

40 275 16.0** 
33 374* 9.1 
40 262* 16.2* 
29 381 7.7 
32 256* 14.2** 

Core 

Orchard 1 1.58 1510 10.6 1.43 1116* 13.3* 
Orchard 2 1.40 1912 7.5 1.20 1534* 8.2 
Orchard 3 1.46 1512 9.7 1.35 1211 11.6 
Orchard 4 1.00 1214 8.3 1.01 1257 8.1 
Orchard 5 1.30 1516 8.8 1.14 945** 12.7** 

Tangential 
Slice w/Peel 
Orchard 1 .47 487 10.0 .53 415 13.4 
Orchard 2 .42 654 6.8 .42 516* 8.8 
Orchard 3 .60 590 10.1 .51 358** 14.4* 
Orchard 4 .33 519 6.5 .36 497 7.9 
Orchard 5 .47 639 7.6 .38 328** 12.4** 

*, **, class means within orchards are significantly different at 
the 5% or 1% level respectively. 
ZN expressed as % N per unit dry weight. 
^Ca expressed as ppm Ca per unit dry weight. 
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Table 4 Comparison of the B content, K content, and Mg content 
of six pear tissue types for five different orchards 
in 1985. 

Tissue Tvne Extra Fancy Fruit Cork Spotted Fruit 
B K Mg B K Mg 

Interior 
Cortical Plug 
Orchard 1 47.5 12677 532 55.6 13732 443* ■ 
Orchard 2 22.9 10414 504 29.9 10677 460 
Orchard 3 42.1 12788 471 37.6 13355 436 
Orchard 4 37.7 10432 417 44.1 9855 392 
Orchard 5 31.0 11391 536 26.7 12314 410** 

Exterior 
Cortical Plug 
Orchard 1 29.0 7015 316 35.2 8144 284 
Orchard 2 17.1 6266 394 19.9 6859 330 
Orchard 3 34.0 7584 301 23.2 6757 267 
Orchard 4 27.0 6420 310 32.1 5977 309 
Orchard 5 25.7 7053 391 19.1 6728 258* 

Core 
Orchard 1 57.2 7889 1032 67.9 9218 796* 
Orchard 2 28.8 8367 916 38.5 7823 833 
Orchard 3 51.6 10283 836 43.2 8474 748 
Orchard 4 46.0 8320 653 52.1 7928 714 
Orchard 5 36.4 9812 918 34.8 9352 715 

Peel 
Orchard 1 31.4 6314 531 38.9 6811 559 
Orchard 2 18.3 6260 543 24.2 6358 501 
Orchard 3 34.9 7720 484 28.0 7055 458 
Orchard 4 27.7 6266 444 31.0 5399 477 
Orchard 5 27.0 7202 559 23.4 6870 446 

Tangential 
Slice w/Peel 
Orchard 1 36.1 8167 477 41.8 9061 455 
Orchard 2 18.8 7067 482 25.0 7339 438 
Orchard 3 39.3 9085 460 28.4 8178 395 
Orchard 4 28.9 6795 379 35.0 6742 412 
Orchard 5 26.4 7611 484 22.5 7504 355* 

Tangential 
Slice w/oPeel 
Orchard 1 33.9 8321 402 41.8 9672 366 
Orchard 2 19.0 7349 457 23.9 7876 379 
Orchard 3 37.9 8978 370 26.7 8045 320 
Orchard 4 31.4 7563 382 34.6 7044 381 
Orchard 5 27.6 8017 465 22.3 7847 348* 

*, **, class means within orchards are significantly different at 
the 5% or 1% level respectively. 
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Table 5 Comparison of the B content, K content, and Mg content 
of six pear tissue types for five different orchards 
in 1986. 

Tissue Tvoe Extra Fancy Fruit Cork Sootted Fruit 
B K Mg B K Mg 

Interior 
Cortical Plug 
Orchard 1 26.3 10524 449 23.2 9056 247** 
Orchard 2 33.1 10357 458 25.7 8611* 265** 
Orchard 3 27.8 11260 472 21.0 10592 336** 
Orchard 4 35.0 10198 380 24.6* 9294 290* 
Orchard 5 29.3 11138 471 33.4 10902 332** 

Exterior 
Cortical Plug 
Orchard 1 19.6 6934 367 18.0 5843 230** 
Orchard 2 24.5 6416 381 18.2* 5950 220** 
Orchard 3 20.5 6693 402 15.5 6689 312** 
Orchard 4 24.2 5741 288 16.6** 5780 235 
Orchard 5 20.8 7017 385 24.0 7006 320* 

Core 
Orchard 1 34.0 8733 706 32.4 8436 492** 
Orchard 2 42.4 8808 711 32.0* 7843 476** 
Orchard 3 33.8 9179 540 24.5 7677* 380* 
Orchard 4 44.9 8252 612 31.2** 7723 515 
Orchard 5 38.4 9468 600 45.0 9210 475 

Peel 
Orchard 1 22.0 6321 509 20.3 5343 410* 
Orchard 2 26.4 5605 504 20.4* 4746 333** 
Orchard 3 20.9 6245 543 16.0 5446 403** 
Orchard 4 27.1 5825 450 19.2** 5439 422 
Orchard 5 24.6 7032 542 26.4 6677 476 

Tangential 
Slice w/Peel 
Orchard 1 22.3 7500 465 20.9 6455 320** 
Orchard 2 27.2 6952 468 22.0 6387 317** 
Orchard 3 21.2 7557 481 17.3 7062 383** 
Orchard 4 28.4 6828 384 20.3** 6652 368 
Orchard 5 24.5 7915 492 27.9 7894 428 

Tangential 
Slice w/oPeel 
Orchard 1 21.4 7531 421 21.1 6553 286** 
Orchard 2 26.0 7298 420 22.0 6843 289** 
Orchard 3 22.2 7880 451 17.0 7753 355* 
Orchard 4 28.3 6988 350 19.3** 6919 293 
Orchard 5 23.4 7962 437 28.0 8028 372 

*, **, class means within orchards are significantly different at 
the 5% or 1% level respectively. 
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for either years, if one neglects orchard number 4 in 1985. A 

consistent critical value is not apparent for cortex tissue. Since 

peel analyses are more convenient and provide a better separation 

between classes they may be more useful than other tissues in a 

commercial program. 

Magnisium concentrations on a dry weight basis were 

significantly different between cork spotted and extra fancy fruit 

in all sub-sample types in 1985 with the exception of peel tissue. 

On a fresh weight basis, the differences between fruit classes 

(extra fancy and cork spotted) in Mg concentration were not as 

great, and only significant in the interior cortex, exterior 

cortex and cores. In 1986, the difference between the Mg 

concentrations of the two fruit classes was much greater and all 

tissues showed significant differences between classes on both a 

dry and a fresh weight basis. Boron concentrations showed no 

significant differences between fruit classes with any of the pear 

tissues tested in 1985 on either a dry or fresh weight basis. In 

1986, B concentrations showed significant differences between 

classes with all tissue types on a dry weight basis but not on a 

fresh weight basis. Potassium concentration differences between 

fruit classes were not evident in 1985 on either fresh or dry 

weight bases. In 1986, K concentrations were significantly 

different between classes in the interior cortex, the core and the 

peel on a dry weight basis. No significant differences between 

classes were found on a fresh weight basis. 

The correlation coeficients between mineral elements found in 

the peel and same elements found in each of the other five types 
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of sub-samples are listed below (Tables 6 and 7). In general, 

there was a good relationship between tissues. High or low values 

in one sub-sample type were associated with high or low values in 

another. The comparisons were done on a dry weight to dry weight 

basis. With 5 exceptions, correlations were all highly 

significant. Sodium, Li, and Cu did not correlate well between 

sub-samples during both years. Fe concentrations in the core did 

not relate well with peel levels. Zinc concentrations in the 

exterior cortex (plugs), interior cortex, and cores, did not show 

as good of a relationship with peel values as the majority of 

other elements in the comparison. However, in the peels, the 

elements most consistantly related to the disorder, N and Ca 

concentrations, are highly significantly correlated to the N and 

Ca concentrations of all the other tissues. Data obtained from Ca 

spray trials on 'Anjou' pears conducted by Dr. Tom Raese in 

central Washington indicate that, in most cases, a good 

relationship exists between peel and cortex Ca levels. 

Figures 1 through 6 display regression analyses comparing 

peel N concentrations, peel Ca concentrations, both expressed on a 

dry weight basis, as well as peel N:Ca ratios, with the like 

analyses from cortex tissue (tangential slices without peels). 

Both years the relationships are highly significant, p>.001 for 

all three indices. The r values are all greater than 0.60 for 

all three indices for both years. 

Results from correlation analysis comparing mineral anaylses 

expressed on a dry weight basis from the peels and the cortex sub- 

sample types with the same analyses expressed on a fresh weight 
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Table 6   Correlation coefficients for mineral analyses of peel 
tissue vs. other tissue in Anjou pears for 1985. All 
mineral contents were compared on a dry weight to dry 
weight basis. 

Pe( el vs. 
Element In. Cortex Ex. Cortex Core Slice W/0 Slice with 

Plug Plug Peel Peel 

N .85 .69 .88 .85 .90 
Al .88 .85 .80 .81 .82 
As .81 .86 .85 .82 .84 
B .88 .87 .89 .92 .93 
Ba .83 .80 .73 .83 .92 
Ca .75 .59 .70 .77 .79 
Cd .89 .90 .80 .91 .86 
Co .93 .93 .93 .89 .91 
Cu .50 .36 .02 .30 .33 
Fe .44 .40 .41 .52 .72 
K .63 .75 .59 .66 .67 
Li .04 .18 .22 .11 .23 
Mg .60 .52 .50 .54 .73 
Mn .85 .81 .72 .80 .90 
Mo .90 .11 .92 .91 .91 
Na .44 .16 .58 .57 .62 
Ni .61 -.11 .72 .73 .51 
P .74 .28 .56 .65 .71 
S .56 .39 .28 .57 .64 
Se .70 .74 .71 .76 .68 
Sr .72 .73 .68 .74 .86 
Zn .66 .30 .11 .47 .70 

Values greater than .44, 
level, respectively. 

,35, .27 significant at the 0.1%, 1%, 5% 
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Table 7   Correlation coefficients for mineral analyses of peel 
tissue vs. other tissue in Anjou pears for 1986. All 
mineral contents were compared on a dry weight to dry 
weight basis. 

Peel vs. 
Element In. Cortex Ex. Cortex Core Slice W/0 Slice with 

Plug Plug Peel Peel 

N .86 .84 .77 .88 .89 
Al .60 .57 .69 .61 .87 
As .82 .88 .83 .86 .96 
B .93 .92 .97 .94 .97 
Ba .94 .94 .94 .98 .98 
Ca .92 .89 .87 .94 .97 
Cd .79 .82 .76 .89 .91 
Co .83 .85 .83 .86 .95 
Cu .51 .35 .83 .48 .74 
Fe .47 .37 -.03 .27 .58 
K .78 .80 .81 .80 .91 
Li .19 .61 .11 -.03 .08 
Mg .84 .77 .49 .85 .94 
Mn .80 .77 .67 .83 .93 
Mo .81 .87 .80 .88 .95 
Na .13 .12 .31 .48 .41 
Ni .78 .79 .73 .84 .94 
P .76 .63 .52 .76 .88 
S .51 .45 .32 .57 .74 
Se .75 .71 .81 .79 .86 
Sr .95 .94 .93 .97 .97 
Zn .36 .25 .32 .53 .65 

Values greater than .44, 
level, respectively. 

.35, .27 significant at the 0.1%, 1%, 5% 
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Figure 1 Relationship between peel Ca and cortex Ca in 1985 
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Figure 2 Relationship between peel N and cortex N in 1985 
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Figure 3 Relationship between peel N:Ca and Cortex N:Ca in 1985 
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Figure  4    Relationship between peel  Ca  and cortex Ca  in  1986 
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Figure 5  Relationship between peel N and cortex N in 1986 
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Figure  6    Relationship between peel N:Ca and Cortex N:Ca  in 1986 
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basis are displayed in table 8. The r values indicate an almost 

linear relationship between the methods of sample expression. 

Although this example is in cortical tissue and peel tissue, 

similar relationships existed for the other tissues. 
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Table 8 Correlation coefficients for mineral analyses of pear 
fruit peel and cortex tissues expressed on a fresh 
weight basis vs. peel and cortex mineral analyses 
expressed on a dry weight basis for 1985 and 1986. 

Element Peel Dry Wt. vs. 
Peel Fresh Wt. 

Cortex Dry Wt. vs. 
Cortex Fresh Wt. 

1985 1986 

N .96 .97 
Al .99 .98 
As .99 .94 
B .98 .97 
Ba .99 .99 
Ca .98 .99 
Cd .91 .78 
Co .95 .99 
Cu .98 .97 
Fe .95 .97 
K .92 .95 
Li .98 .94 
Mg .92 .96 
Mn .97 .99 
Mo .99 .99 
Na .98 .97 
Ni .97 .94 
P .96 .97 
S .95 .97 
Se .99 .98 
Sr .97 .99 
Zn .98 .97 

ilues greater than .44, • 35, 
svel, respectively. 

1985 1986 

.95 .96 

.99 .99 

.99 .92 

.98 .96 

.98 .99 

.98 .99 

.76 .73 

.95 .81 

.99 .99 

.97 .97 

.92 .90 

.95 .94 

.95 .97 

.98 .99 

.99 .99 

.98 .96 

.94 .90 

.97 .96 

.97 .97 

.99 .96 

.96 .99 

.97 .95 
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Relationships Between Sample Weights 

and Mineral Concentration 

In some orchards the extra fancy fruits were larger 

than the cork spotted fruits, while in others the weights of the 

disordered fruit are larger than the non-affected fruits (Table 

9). An analysis of variance of sample weights found no 

significant differences within orchards. Differences between 

orchards existed. An analysis of covariance comparing N, Ca and 

N:Ca ratios between classes in peels and cortex sub-sample types, 

using sample fresh weight (fruit size) as a covariate, indicate 

that differences in fruit weight do alter mineral concentration, 

but this effect is not large. The weight corrected means for the 

N and Ca concentrations and the N:Ca ratios within each orchard 

for each of the two classes are presented in Table 10. Other 

factors are more important to the final mineral make-up of the 

fruit. Fruit weight was only weakly related to mineral 

concentration. If samples are close to the same size (within 20%), 

as they were in this study, size differences are of little 

consequence in relation to cork spot incidence. By comparing these 

results with those in Table 1, it can be seen that the fruit size 

did not affect the degree of separation between the classes of 

fruit. However, if one ranks the orchards on the basis of N:Ca 

ratios, with and without weight being used as a covariate, there 

are some slight changes in the ranking. So, although there is a 

small effect on fruit mineral concentration from dilution, the 
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Table 9 Comparison of average sample weight from each of five 
orchards for 1985 and 1986. Differences between 
fruit classes were not significant. 

Extra Fancy Fruit   Cork Spotted Fruit 

1985 Orchard Means 

Orchard 1 539.7 
Orchard 2 543.5 
Orchard 3 560.3 
Orchard 4 584.3 
Orchard 5 459.1 

540.6 
505.1 
608.0 
524.9 
499.5 

1986 

Orchard 1 467.1 
Orchard 2 468.7 
Orchard 3 481.3 
Orchard 4 543.4 
Orchard 5 527.1 

514.2 
477.8 
476.8 
450.1 
512.0 

zMean sample weights (grams), samples composed of two fruits. 
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Table 10 

Tissue Type 

Comparisons of the weight corrected N content, Ca 
content and the N:Ca ratios for peels and cortex 
tissues of extra fancy and cork spotted pears  from 
five orchards for 1985 and 1986. Cortex tissue is 
from tangential slices without peels. 

Extra Fancy Fruit 

!#   Ca^  N: Ca 

Cork spotted Fruit 

N    Ca   N:Ca 

1985 

Peel 
Orchard 1 .52 909 5.9 
Orchard 2 .44 1020 4.4 
Orchard 3 .61 1026 5.9 
Orchard 4 .36 902 3.9 
Orchard 5 .52 899 6.2 

Cortex 
Orchard 1 .44 340 13.0 
Orchard 2 .40 533 8.2 
Orchard 3 .55 449 12.4 
Orchard 4 .31 492 6.5 
Orchard 5 .46 495 9.2 

56 735  8. .6* 
51 761** 7, .1* 
53 632** 9. .7** 
40 754  5. .6 
45 468** 9 .7** 

56 291 20 , 0** 
41 378**10, .9 
47 288**18 .6** 
35 389* 9 .6 
41 271**15 .4** 

1986 

Peel 
Orchard 1 .53 875 5.5 
Orchard 2 .49 891 4.9 
Orchard 3 .43 871 5.1 
Orchard 4 .29 662 3.8 
Orchard 5 .47 907 4.8 

Cortex 
Orchard 1 .45 473 7.1 
Orchard 2 .38 397 7.7 
Orchard 3 .39 453 7.8 
Orchard 4 .25 370 5.0 
Orchard 5 .37 463 7.3 

49 355**16. . 5** 
45 287**15. ,8** 
42 356**10. 2** 
42 391* 9. ,8** 
46 570** 6. .8 

45 189**28 .8** 
36 166**20, ,8** 
42 243**14. .1* 
37 201**15 .4** 
42 317* 9. .7 

*, **, class means within orchards are significantly different at 
the 5% or 1% level respectively. 
ZN expressed as % N per unit dry  weight. 
^Ca expressed as ppm Ca per unit dry weight. 
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effect is small, and can be accounted for with standard 

statistical procedures. 
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Conclusions 

The goal of this study was to determine if mineral analysis 

of any one 'Anjou' pear sub-sample type gives a better separation 

between extra fancy grade and cork spotted cull fruit. If 

one tissue type was clearly superior to ,and more convient than 

others, it might be useful in an orchard ranking system 

based on fruit mineral analysis for the purpose of helping make 

storage-marketing decisions. Furthurmore, if all tissues mineral 

concentration levels are correlated to each other, this might 

suggest that total fruit mineral content (which is clearly related 

to disorder incidence) could be estimated by a an analysis of a 

given tissue. This study also attempted to identify a mineral 

index which would give the clearest separation between fruit 

classes. 

The data obtained demonstrate that either Ca or N:Ca ratios 

can be used for the purpose of separating cork spotted and normal 

pear fruit. This agrees with similar studies conducted in the past 

(1,54). The N:Ca ratio is the index of choice because, if one uses 

a ratio between mineral element concentrations, problems related 

to obtaining accurate dry weights from hygroscopic tissue are 

eliminated. The use of a ratio is suggested to solve the fresh 

weight-dry weight expression controversy. 

Although fruit testing programs in other locations commonly 

test fruit prior to harvest and make appropriate storage 

decisions, other schemes may be applicable. There is considerable 

interest in testing desirable and undesirable fruit early in the 

storage period to determine if differences in mineral content are 
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apparent, and then evaluate the rest of the stored fruit to 

determine marketing strategy. This has the advantage in 

concentrating on specific disorders that may or may not be 

important in every year and emphasizing a fruit testing program 

only if preliminary data is convincing. 

The data obtained indicated that all of the sub-sample types 

tested, longitudinal slices with and without peels, cortical plugs 

from the area just inside the peel and outside of the core region, 

the peel and the core, could all be used to separate cork spotted 

fruit from extra fancy fruit, within individual orchards, using 

mineral analysis. Since there is substantial evidence that cork 

spot is related to other disorders that develop during storage, 

the results may suggest that mineral analysis could be useful in 

identifying fruit with low storage potential. 

There is a highly significant relationship between mineral 

element concentrations peel and the same mineral element 

concentration in the rest of the fruit for all mineral elements 

that have been traditionally related to cork spot incidence. 

The peel may be the best tissue for separation of cork spotted 

fruit from extra fancy fruit. There was statistically significant 

differences between the 2 fruit classes with both N:Ca and Ca. 

Using N:Ca as the index, there was a clear threshold value below 

which cork spot did not occur and this remained constant between 

years and orchards. The peel is also the easiest tissue to collect 

and analyze of the six tissue examined in this experiment. 

Developing technology also makes post-harvest analysis of peel 

tissue attractive. Non-destructive measurements of calcium that 
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use reflectance properties have recently been proposed (28,31). 

This would allow very rapid Ca determination and thus creates the 

possibility of an automated sorting of low and high Ca fruit. 

Mineral concentration differences between the two fruit 

classes exist regardless of fruit size differences. However, one 

should consider fruit size when ranking orchards, as size does 

effect mineral concentrations within the fruit. 

Objections will no doubt arise over the proposed use of peel 

analyses to aid management decisions. A major factor, is the 

effect Ca sprays will have on the relationship between peel and 

cortex calcium concentrations. In the Pacific Northwest, 'Anjou' 

pear producers are reluctant to use Ca sprays for fear of 

blemishing the fruit, and prefer soil applications of CaCNO^^ 

fertilizer to raise fruit Ca levels. Furthermore, the most Ca 

sprays can raise the cortex Ca concentration levels is by around 

30%. If one is using a ranking system for predicting disorder 

susceptible fruit, the sprays would not put a low Ca orchard up 

to the top levels. 

There are more factors involved in the occurrence of the 

post-harvest disorder, cork spot, than mineral nutrition. A full 

understanding of storage disorders is lacking and requires 

additional research. In the meantime, a post-harvest mineral 

analysis of pear peels from fruit going into common storage 

facilities could be useful. Analyses during the early storage 

period could also be helpful. Using peel analysis could provide a 

quick method of fruit analysis which could then be incorporated 

into a post-harvest cork spot hazzard estimation system. 
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Appendix 1 Comparison of F ratio values derived from analyses of 
variance comparing extra fancy vs. cork spotted pear 
fruit tissues of six types for five different orchards 
in 1985. Values were calculated using %N ,Ca cone, B 
cone. ,K cone, Mg cone, expressed on a dry weight 
basis, and N:Ca ratios as the dependent values. 

Extra Fancy Fruit vs Cork Spotted Fruit 
F-value 

Dependent Variable N Ca B K Mg N:Ca 

Tissue Type ' 

Interior 
Cortex 1.19 28.54 1.19 0.59 11.09 10.94 

Exterior 
Cortex 0.48 22.25 0.18 0.01 10.14 19.23 

Core 5.34 16.64 1.82 1.81 5.86 10.20 

Peel 0.01 34.34 0.72 1.25 2.79 23.31 

Tangential 
Slice w/peel 0.39 28.16 0.13 0.01 9.87 17.00 

Tangential 
Slice w/o peel 0.22 33.82 0.01 0.03 9.37 34.96 

Values greater than 7.31, 4.08, significant at the 1%, 5% 
level respectively. 
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Appendix 2 Comparison of F ratio values derived from analyses of 
variance comparing extra fancy vs. cork spotted pear 
fruit tissues of six types for five different orchards 
in 1985. Values were calculated using %N ,Ca cone, B 
cone., K cone., Mg cone., expressed on a fresh weight 
basis, as the dependent values. 

Extra Fancy Fruit vs Cork Spotted Fruit 
F-value 

Dependent Variable N       Ca     B      K     Mg 

Tissue Type 

Interior 
Cortex 1.83 28.97 1.27 0.46 15.30 

Exterior 
Cortex 0.01 20.04 0.04 1.20 6.98 

Core 5.15 12.51 1.23 2.05 4.72 

Peel 0.01 31.87 0.90 0.75 1.75 

Tangential 
Slice w/peel 0.35 18.50 1.60 4.33 2.38 

Tangential 
Slice w/o peel 4.59 22.98 0.97 3.63 3.85 

Values greater than 7.31, 4.08, significant at the 1%, 5% 
level respectively. 
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Appendix 3 Comparison of F ratio values derived from analyses of 
variance comparing extra fancy vs. cork spotted pear 
fruit tissues of six types for five different orchards 
in 1986. Values were calculated using %N ,Ca cone, B 
cone. ,K cone, Mg cone, expressed on a dry weight 
basis, and N:Ca ratios as the dependent values. 

Extra Fancy Fruit vs. Cork Spotted Fruit 
F-value 

Dependent Variable N       Ca     B      K     Mg     N:Ca 

Tissue Type 

Interior 
Cortex 0.09   131.64  6.76   6.77  93.29  62.05 

Exterior 
Cortex 1.52    90.52  8.56   1.54  54.45  47.81 

Core 1.72   109.60  6.71   7.89  31.70  58.62 

Peel 0.01   100.42  10.93   9.63  37.15  108.22 

Tangential 
Slice w/peel    0.31   113.17  5.66   3.56  38.97  83.74 

Tangential 
Slice w/o peel  0.78    59.61  4.39   1.35  28.32  55.93 

Values greater than 7.31, 4.08, significant at the 1%, 5% 
level respectively. 
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Appendix 4 Comparison of F ratio values derived from analyses of 
variance comparing extra fancy vs. cork spotted pear 
fruit tissues of six types for five different orchards 
in 1986. Values were calculated using %N ,Ca cone, B 
cone. ,K cone, Mg cone, expressed on a fresh weight 
basis as the dependent varible. 

Extra Fancy Fruit vs Cork Spotted Fruit 
F-value 

Dependent Variable N Ca B K Mg 

Tissue Type 

Interior 
Cortex 0.80 175.10 1.67 0.20 73.25 

Exterior 
Cortex 6.87 72.34 0.90 3.70 18.29 

Core 0.21 82.59 1.06 0.65 11.13 

Peel 1.46 103.08 1.46 1.23 14.16 

Tangential 
Slice w/peel 3.60 141.44 0.79 0.34 18.71 

Tangential 
Slice w/o peel 4.35 93.13 0.25 2.22 13.52 

Values greater than 7.31, 4.08, significant at the 1%, 5% 
level respectively. 


