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INTRODUCTION 
 Although leaf analysis is a diagnostic tool for optimizing mineral nutrition in fruit trees, it 
correlates weakly with fruit quality, thus fruit analysis is more useful in estimating quality (Fallahi et al., 
1985; Sharples, 1980) and storage disorders (Bramlage et al., 1980; Sharples, 1980).  Mineral analyses of 
leaf and fruit tissues have become more popular in recent years because of the advances in analytical 
equipment, allowing multi-element analyses in a fraction of the time and cost traditionally associated with 
mineral analyses.  Understanding relationships between postharvest quality and preharvest mineral 
nutrients and orchard practices makes various management decisions, such as storage strategies, easier.  
An early identification of fruit likely to be low in soluble solids concentration (SSC) or titratable acidity 
(TA) after storage also will assist in developing marketing strategies.  A perfect identification and 
prediction of fruit quality is neither possible nor necessary.  If the apple industry can predict and 
categorize fruit likely to be low or high in some postharvest quality attributes before storage, profit can be 
enhanced.   
 
QUALITY ATTRIBUTES TO BE PREDICTED 

Fruit size, color, potential for storage breakdown, bitter pit, stem-end cracking, russetting, and 
lenticel breakdown are often the commercially important attributes that fruit growers wish to predict.  
Among all macro-elements, Ca, N, K, and P and among microelements, B have been more frequenly 
associated with various fruit quality attributes.  The role of Ca and N on postharvest physiology of pome 
fruit has been extensively studied.  The major emphasis has been to extend storage life of fruit and delay 
fruit ripening through a better understanding of the function and physiological and biochemical role of 
Ca, N, P, and K. 
  
ROLE OF CALCIUM AND OTHER MINERALS IN APPLE FRUIT QUALITY  

Calcium affects fruit senescence and quality by altering intracellular and extracellular processes, 
and the rate of fruit softening depends on fruit Ca status (Mason et al., 1975; Lidster and Porritt, 1978; 
Poovaiah, 1988; Fallahi et al., 1987).  At least 60% of the total Ca in the plant is associated with the cell 
wall fraction (Rossignol et al., 1977).    

Apple leaves contain more Ca than fruit tissue (Green and Smith, 1979; Hanger, 1979; Fallahi 
and Simons, 1993a and 1993b).   Most cultural practices that stimulate vegetative growth, such as excess 
pruning or N application, could result in more partitioning of Ca to the leaf rather than fruit tissue.  
Calcium application increases fruit tissue Ca and decreases Ca-related disorders (Wills and Trimazi, 
1977).  Administration of calcium chloride with vacuum infiltration in apple fruit retards fruit softening 
(Fallahi et al., 1987; Poovaiah et al., 1988).   Calcium content of apple fruit is directly linked to 
incidences of bitter pit, internal breakdown, watercore, and post storage disease resistance.  Calcium-
deficient fruit have been reported to have not only lower Ca but higher K and Mg concentrations 
(Sharples, 1967).   
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  Bitter pit in apple fruit was first believed to be caused by persistence of starch (Carne et al., 1929) 
or viral infection (Atanasoff, 1934). DeLong (1936), Smock (1941), and Garman and Mathis (1956) were 
among the first researchers who found that bitter pit results from fruit Ca deficiency.  Smock and Van 
Doren (1937) described the first sign of bitter pit, and reported that cell walls of affected fruit collapse 
and plasmolysis occurs.  When cell walls collapse, pit cavities are formed.  Simon (1978) proposed that 
fruit tissue becomes water-soaked, either through the influx of external water into the free space, or loss 
of vacuolar fluid as a result of the loss of membrane permeability due to Ca deficiency. Comprehensive 
reviews on bitter pit are reported by Garman and Mathis (1956), Faust and Shear (1968), Perring (1986) 
and Ferguson and Watkins (1989).  Fruit Ca content correlates more strongly to bitter pit than does leaf 
Ca (Askew et al., 1960;  Fallahi et al., 1985).  Preharvest Ca sprays (Baxter, 1960; Bramlage et al., 1985; 
Garman and Mathis, 1956) and postharvest infiltrations (Fallahi et al., 1987) have been shown to reduce 
bitter pit in apple fruit.   
 Minerals other than Ca, such as Mg and K, are also associated with bitter pit incidence in apple 
fruit (Faust and Shear, 1968).   The involvement of these elements could be due to the synergistic or 
antagonistic effects of Ca rather than to the effects of these nutrients per se.   Fallahi et al. (1988) 
observed severe bitter pit-like symptoms in  'Golden Delicious' apple fruit infiltrated with Mg, which was 
due to a high Mg/Ca ratio.  Calcium and Mg will exchange for each other (Ferguson and Watkins, 1981a, 
b) and Mg will reduce Ca uptake into fruit tissue (Ferguson and Watkins, 1981b).   High N fertilizer can 
also increase bitter pit in apples (Faust and Shear, 1968). Trees supplied with ammonium N are more 
susceptible to bitter pit than those with nitrate N (Martin et al., 1970).   Boron has also been associated 
with Ca and corking disorders in apple fruit and reduction of bitter pit (Faust and Shear, 1968). 

Injection of high levels of N in susceptible cultivars were believed to cause watercore in apples 
(Hill and Davis, 1936).  However, field experiments have shown that high levels of N can actually 
decrease watercore (Fisher, 1923).  Heinicke (1934) proposed that if N is applied before shoot growth has 
ceased, shoots can compete with fruits for photosynthates.  After shoot growth stops, even more 
photosynthates can be partitioned into the fruit sink, leading to watercore (Marlow and Loescher, 1984). 

Fallahi and Fellman (unpublished data) found that high N application reduced apple fruit color 
and increased ethylene evolution and respiration rate in ‘Redspur Delicious’ apple fruit.  This suggests 
that relatively precise prediction of fruit N is perhaps as important as prediction of fruit Ca for ensuring 
better fruit quality and storage life.   In that experiment, levels of 2-methyl butyl acetate and butyl acetate 
were highest in fruits from trees that received high rates of N application.  Fallahi et al. (2001) studied the 
long-term effect of N application on fruit quality of ‘Fuji’ apple and found that optimum levels of leaf N 
for production and prediction of high quality fruit was 2.05% dry weight (DW) during “off years” and 
2.30% DW during “on-years”.   

In an experiment with ‘Red Spur Delicious’ apple, we found that fruit color, firmness, and fruit K 
decreased but fruit N increased as the amount of applied N increased although differences were not 
always significant (Table 1).    
 
PREDICTION MODELS 

Fallahi et al. (1985) studied the relationships between seasonal fruit and leaf mineral contents and 
fruit quality in 'Starkspur Golden Delicious' apple.  They developed regression equations from seasonal 
leaf and fruit mineral analyses to predict fruit quality attributes at harvest and after storage.  Soluble 
solids concentration, skin background color, and titratable acidity (TA) were strongly predicted as early 
as June or July.  However, an August analysis was most predictive.  For TA, a combination of leaf and 
fruit mineral concentrations produced stronger predictions than leaf or fruit minerals alone in each 
individual year.  Soluble solids concentration (SSC), skin color, and bitter pit were more accurately 
predicted by fruit analyses.  Fruit N correlated negatively and fruit Ca positively to good fruit color and 
SSC.  Fruit size was important in regression equations for firmness, but was not essential for other 
variables.  In this report (Fallahi et al., 1985), although between-year predictions were not as good as 
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within-year predictions, regression equations could successfully place fruit in high or low categories for 
most quality characteristics.    
 Fallahi et al. (1988) developed a procedure to strengthen fruit quality prediction between years.  
In their diagnostic procedure, leaf and fruit mineral levels were ranked from 0 to 100 (percentile), and 
mineral nutrient factors limiting apple and pear (Pyrus communis L.) fruit quality were identified.  In that 
procedure, an individual can decide which quality attributes are important and whether minimum, 
maximum, or intermediate values for these quality characteristics are most desirable.  Also, multiple 
regression equations were used to predict relative rankings for each quality attribute.  They used a simple 
sorting program to allow the operator to use these rankings to choose desirable categories of fruit.  The 
ranking procedure was tested with various sets of data on apples and pears.  This percentile approach 
allowed meaningful interpretation despite large differences in fruit mineral concentrations reported for 
diverse locations and years by a range of analytical laboratories.  The procedure was flexible, and fruit 
could be categorized successfully according to several definitions of optimum quality. 
 Bramlage et al. (1983 and 1985) studied the relationships between mineral nutrients and 
postharvest disorders of 'McIntosh' apple over several seasons.  They reported that Ca was the most 
variable element among samples within seasons and this element correlated negatively with breakdown, 
rot, and scald.  In their report, susceptibility of fruit to breakdown was predicted from mineral analysis of 
fruit 2 weeks before harvest (Bramlage et al., 1985).  In another experiment on 'McIntosh' (Marmo et al., 
1985), relationships among nutrients and fruit quality attributes with fruit breakdown were studied.  
Results indicated that fruit Ca, starch concentrations, and fruit diameter accounted for significant 
variations in fruit breakdown after storage. 
 The ratio-based Diagnosis and Recommendation Integrated System (DRIS) of mineral nutrients 
has been used in apple to study the associations between fruit minerals, particularly Ca and N with only a 
limited success (Fallahi and Righetti, 1984). 
  Retamales et al., 2000 and 2001 have extensively used vacuum infiltration of Mg to induce bitter 
pit and thus predict the potential for bitter pit occurrence during storage.  This method has been highly 
successful for different cultivars and locations (Amarante et al., 2005), although it has some limitations.  
Contributing to the limitations of Mg injection are deficiencies related to fruit sampling: 1.) Uneven fruit 
size; 2.) Fruit collected from different areas within trees; 3.) Interval between collection and shipping; 4.) 
Bruised fruit.  The coefficient determination between the number of fruits that showed symptom of 
artificial bitter pit 16 days after Mg infiltration and those that really had natural bitter pit after storage in 
different apple cultivars from the report by Retamales et al., 2000 and 2001 are reported in Table 2.    
CONCLUSIONS 
 Apple fruit quality attributes can be predicted, using pre-harvest fruit and leaf mineral nutrients.  
Use of both leaf and fruit minerals in prediction models result in a more precise prediction than the use of 
leaf minerals alone.  For bitter pit prediction, only fruit minerals, particularly fruit Ca and N should be 
used. Fruit Mg infiltration can effectively predict bitter pit only if adequate sampling is done. Ranking 
important mineral nutrients such as fruit Ca and N provides a more reliable tool to predict fruit quality 
within a year as well as between years. Fruits with high levels of N show higher rate of respiration and 
evolved ethylene.  
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Table 1.  Effects of nitrogen on ‘Red Spur Delicious’ yield, fruit quality at harvest, and  fruit N 
and K at Parma, Idaho z. 
__________________________________________________________________  
______ 
Actual N     Yield  Fruit wt        Color  Soluble Solids   Firmness   Fruit N        Fruit K   
 (g/tree) (kg/tree) (g) (1-5) (% Brix) (N) (% dwt) (% dwt)  
 45.3 37 b 197 c 3.9 a 13.4 bc 78 a 0.11 c 0.80 a  
 181.4 47 a 192 ab 3.8 a 13.3 c 76 b 0.12 c 0.79 ab  
 317.5 45 ab 186 bc 3.6 b 13.7 ab 75 b 0.14 b 0.75 c   
 453.6 49 a 181 c 3.5 b 15.5 abc 75 b 0.14 b 0.76 bc   
 589.6 41 b 181 c 3.5 b 13.8 a 76 b 0.16 a 0.75 c   
Mean separation within column by Duncan Multiple range test at 5%. Fruit color: 1=most green 

progressively to 5= red 
 
 
 
Table 2:  Bitter pit predictive capacity of the Mg infiltration method in commercial orchards of 
several apple cultivars in two locations of South central Chile during 1997zy 
Cultivar                                    Predictive capacity  (number of orchards) 
                                                     Curicó                          San Javier 
 
Royal Gala 
Granny Smith 
Scarlet Spur Delicious 
Red Chief Delicious 
Braeburn 
Fuji 

0.95 (5)** 
0.53 (5)ns  
0.55 (6)ns 

0.37 (5)ns 

0.79 (4)ns 

0.99 (3)* 

 

0.74 (9)* 
0.99 (3)* 

0.97 (4)** 
0.42 (5)ns 

0.70 (7)* 
--- 

z R2 = coefficient of determination between the level of bitter pit obtained 16 d after Mg  
infiltration, on samples collected 40 d preharvest, and level of bitter pit that accrued after 90 d of 
regular cold storage followed by 10 d at 12-20 oC. 
y  ns, * or ** : ns=coefficients of determination (R2) not significant, significant at P = 0.05 if 
shown by * or at P= 0.01 if shown by **, respectively.  
 



Spots and Rots:  Apple Diseases 
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There are many diseases that affect both the foliage and fruit of apples.  Symptoms of some diseases are 
distinct while symptoms of others are variable in appearance or are difficult to distinguish from other 
diseases or injuries.  This can often be confusing to growers, extension agents and researchers alike.  This 
presentation compares and contrasts the symptoms of the major diseases affecting foliage and fruit and 
provides some guidelines for distinguishing them.  More detailed information is provided on Glomerella 
leaf spot, a new leaf spot disease which is a threat to the production of Gala in the eastern US, and finally, 
a program for managing warm weather (i.e. summer) diseases will be discussed.   
 
Leaf spot symptoms vary from small, mostly circular, tan lesions characteristic of black pox and blotch to 
large, irregular necrotic lesions characteristic of necrotic leaf blotch of Golden Delicious (Table 1).  
Apple scab is one of the first leaf spots that appear during the growing season.  Typically lesions are ¼ to 
½ inch in diameter, circular, olive green, and fuzzy in appearance.  But, lesions can appear much 
differently depending on whether or not the affected leaves are on the outside or inside of the canopy, 
whether lesions are on the upper or lower leaf surface, the age of the lesion, and whether or not it has 
been treated with a fungicide with eradicant properties. The four most difficult leaf spots to differentiate 
are those characteristic of frogeye leaf spot, Alternaria leaf spot, a hypersensitive reaction to the cedar 
apple rust fungus, and captan injury.  All four look exactly like and are characterized by circular necrotic 
lesions ~¼ inch in diameter.  The best way to differentiate these is by examining the pattern of leaf spots 
within the tree.  Frogeye leaf spot is usually associated with dead wood, cankers, and mummied fruit in 
the trees and affected leaves are usually clustered around the source of inoculum or are found in a cone- 
shaped manner beneath the inoculum source.  Alternaria leaf spot tends to be more uniform throughout 
the tree since the spores that initiate infection are airborne.  A hypersensitive reaction to the cedar apple 
rust fungus, Gymnosporangium juniperi-vinginianae, occurs on certain cultivars in regions where cedar 
apple rust tends to be a problem.  Spots often occur on certain groups of leaves on shoots; i.e. those that 
were most susceptible when an infection period occurred.  Also, the centers of the lesions are occasionally 
slightly raised and yellow (the pycnia) before they become necrotic.  Captan injury also tends to be 
grouped on 2-4 leaves on a shoot that correspond to the youngest leaves when the fungicide was applied.  
It’s more common on Delicious but can be found on other varieties as well, especially if captan is applied 
either before or after an oil application.  Lesions caused by the cedar apple rust fungus on susceptible 
cultivars is usually not  confused with any others because of their characteristic yellow/orange 
appearance.  One of the least distinct lesions is that caused by Mycosphaerella pomi, cause of Brook’s 
fruit spot.  Lesions caused by this fungus appear late in the growing season as small purple spots, often 
associated with the leaf veins.  Glomerella leaf spot is one of the newest diseases of apples in the US and 
affects primarily Gala and Golden Delicious.  Leaf lesions are necrotic, irregular in shape and up to ¼ to 
½ inch in diameter.  If uncontrolled the disease can defoliate the tree by harvest.  It can be confused with 
the physiological disorder, necrotic leaf blotch but lesions associated with necrotic leaf blotch are much 
larger.  However, both necrotic leaf blotch and Glomerella leaf spot can occur on the same leaf.   



Fruit spots/rots are somewhat easier to identify than leaf spots/injuries.  Although scab lesions can vary in 
size, for the most part they are dark and “scabby” in appearance.  On some cultivars such as Golden 
Delicious they can “heal” and appear as a raised area of solid russet.  Brook’s spot lesions are among the 
least distinctive and appear as small slightly sunken green areas, often around the calyx end.  Larger 
Brook’s spot lesions can be confused with the physiological disorder, cork spot.  On the other hand, black 
pox lesions are distinctive; they are usually circular, black, and vary in size from about that of a pin head 
to ½ inch in diameter.  Botryosphaeria obtusa, cause of black rot, can infect fruit before bloom and 
resulting infections appear as raised black spots which may or may not develop into a rot.  Later 
infections are irregular in shape and appear black.  At this stage they are superficial with little evidence of 
rot in the flesh of the fruit.  As the infections progress as fruit ripen, they develop into a firm brown rot.  
Early symptoms of bitter rot and bot rot are very similar and difficult to distinguish.  Both appear as small 
circular lesions about the size of a pin head.  Often bitter rot lesions are bordered by a red halo, but this is 
not a consistent diagnostic character.  As the lesions increase in size to about ¾ to 1 inch in diameter they 
are easier to distinguish.  Bot rot lesions extend into the flesh further than bitter rot ones and tend to be 
lighter in color.  There are distinct differences associated with larger lesions.  Bitter rot lesions are sunken 
and progress into the flesh in a “V”-shaped pattern and are usually covered by salmon colored masses of 
spores while those of white rot progress in a cylinder-shaped manner toward the core where they radiate 
out affecting the entire fruit.  Affected tissues are very soft.  Bull’s eye rot is more typically a postharvest 
problem but can develop in the orchard just prior to harvest.  It has characteristics of both bitter rot and 
bot rot.  Lesions are sunken, but spores are not produced on the surface like those of bitter rot. Lesions are 
light tan and the rot is soft, which is also typical of bot rot.   
 
Other minor diseases and injuries of often undetermined origin can also cause leaf and fruit spots.  While 
symptoms on fruit or foliage are diagnostic of many diseases, the pattern in the orchard is often an 
important clue in helping determine the cause of the disease or injury when the cause is not readily 
apparent.  It is also important to keep good spray records and records of environmental conditions, 
because each can provide clues that may be helpful in diagnosing particular diseases or the cause of the 
injury. 
 
Glomerella leaf spot.  Glomerella leaf spot is caused by specific strains of G. cingulata, the sexual stage 
of Colletotrichum gloeosporioides, cause of bitter rot.  It was first reported from Brazil in the late 1980s 
and has subsequently been reported from the southeastern US.  It is primarily a problem on cv. Gala, but 
can affect Golden Delicious and other cultivars.  The leaf spot strain also causes a fruit rot that is identical 
in appearance to that produced by strains which do not cause a leaf spot but cause a bitter rot on the fruit.   
Leaf infections can occur in as few as 2 to 4 hours at 24 to 30°C but 6-16 hours are necessary at 16-24°C.  
Crusius et al. (Fitopatologia Brasileira 27:65-70, 2002) developed a model which defined the conditions 
for infection. In order to examine the potential for the disease to become important in the eastern US an 
internet system for the weather-based mapping of plant pathogens was used:  NAPPFAST (NCSU APHIS 
Plant Pest Forecasting System) (Magarey et al., Plant Dis. 91:336-345, 2007).  It was developed by North 
Carolina State University and ZedX inc, for the United States Department of Agriculture, Animal Plant 
Health Inspection Service.  The NAPPFAST system uses a web-based graphical user interface to link 
climatic and geographic databases with templates for biological modeling.  Crusius’s model was 
simplified for use in the NAPPFAST system using an infection model based on a temperature response 
function scaled to a wetness requirement (Magarey et al., Phytopathology 95:92-100, 2005).  The model 
clearly identified the southeastern US as the area with the greatest risk of the disease developing, but does 
show that there is the potential for the disease to become a problem in the North Central US. 
 
Disease management.  As our climate continues to warm it is likely that many diseases, especially 
summer diseases, considered uncommon in the northeastern and mid-western US, will become more 
common.  Consequently, disease management programs that are currently used in the Southeast may need 
to be more closely followed in the northern US.  The foundation of disease management programs in the 



Southeast is cultural practices.  While important everywhere apples are grown, they are particularly 
important in the Southeast to minimize the inoculum and create conditions less favorable for infection to 
occur.  Pruning to maintain an open canopy is essential to create conditions less favorable for pathogens. 
It is important to carefully prune out dead wood and cankers, including fire blight strikes during the 
growing season, to minimize late season infections.  Leaf shredding to reduce the inoculum of fungi 
which cause apple scab, Alternaria blotch, Brook’s spot and Glomerella leaf spot is also important to 
reduce the likelihood of these diseases occurring.   To effectively manage diseases in the southeastern US 
during the summer it is necessary to apply fungicides every 10-14 days from petal fall until harvest.  
Because the disease complex tends to be varied, tank mixes of two or more fungicides are commonly 
used.  Typical programs used throughout the Southeast include captan + Topsin M,  captan + ziram + 
Topsin M,  and captan + phosphite either in all cover sprays or rotated with a QoI fungicide (Pristine, 
Flint, Sovran). 
 
 
Table 1.  Key to common diseases and injuries of apple leaves and fruit based on symptoms.   
 
Symptoms Common name Cause 
Leaf spots – small (⅛ to ¼ inch   
diameter) 

  

  Mostly circular, tan Black pox Helminthosporium papulosum 
 Blotch Phyllosticta solitaria 
  Irregular necrotic lesions Glomerella leaf spot Glomerella cingulata 
  Irregular purple spots Brooks spot Mycosphaerella pomi 
 Chemical injury Copper injury 
  Circular to irregular and reddish  Cedar apple rust inactivated 

by DMI fungicide 
Gymnosporangium juniperi-
virginianae 

  Mostly circular, olive green to   
      dark, up to ½ inch diameter 

Apple scab Venturia inaequalis 

  Mostly circular, yellow to orange Cedar apple rust Gymnosporangium juniperi-
virginianae 

  Mostly circular, necrotic Frogeye leaf spot Botryosphaeria obtusa 
 Alternaria leaf spot Alternaria mali 
 Hypersensitive reaction to 

cedar apple rust 
Gymnosporangium 
juniperi-virginianae 

 Chemical injury Captan injury 
  Somewhat irregular, pale yellow Scab lesion inactivated by 

eradicant fungicide 
Venturia inaequalis 

  Mostly circular, pale yellow to   
     white, up to ½ inch diameter 

Chemical injury Gramoxone injury 

Leaf spots – large (½ to ¾ inch 
diameter) 

  

  Irregular in shape, pale green to 
      necrotic 

Necrotic leaf blotch Physiological 

   Marginal to irregular, pale green 
to almost white 

Chemical injury Streptomycin injury 

Fruit spots – small (⅛ to ¼ inch 
diameter) 

  

  Mostly circular, black Black pox Helminthosporium papulosum 
  Somewhat irregular, green, 

slightly sunken 
Brook’s fruit spot Mycosphaerella pomi 



Symptoms Common name Cause 
  Circular, necrotic center, often   

with a red halo 
Early symptoms of bot rot 
and bitter rot 

Botryosphaeria dothidea 
Colletotrichum spp., Glomerella 
cingulata 

  Circular, green Cork spot Physiological 
  Circular, green, up to ½ inch 

diameter 
Insect injury Various types of stink bugs 

  Irregular, dark, may have a red 
margin 

Early black rot infections Botryosphaeria obtusa 

Fruit spots – large (¼ to 2 inches 
or more) 

  

   Mostly circular, dark Apple scab Venturia inaequalis  
   Dark brown, firm, large,  often at  

calyx end 
Black rot Botryosphaeria obtusa 

  Brown, sunken, often covered 
with orange spore masses 

Bitter rot Colletotrichum spp., Glomerella  
cingulata 

  Light brown, large, very soft Bot (white) rot Botryosphaeria dothidea 
  Light brown, soft, sunken Bull’s eye rot Cryptosporiopsis curvispora 
Superficial blemish (¼ to 1   

inch or more in  diameter) 
  

  Net-like russet on fruit surface, 
irregular in shape 

Powdery mildew Podosphaera leucotricha 

 Cold injury Frost 
  Solid russet on fruit  Frost injury, chemical 

injury 
Frost, pesticides 

  Fungal colonies dusty or sooty in 
appearance 

Sooty blotch Various fungi 

  Fungal colonies composed of   
small specks 

Flyspeck Zygophiala jamaicensis 

 


