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Calcium Treatment of Apples and Potatoes 
to Reduce Postharvest Decay 

Economic losses caused by postharvest 
pathogens are greater than is often 
realized, and the avoidable losses be- 
tween the farm gate and the consumer 
are cause for concern. Fresh fruits and 
vegetables, because of the added cost of 
harvesting and handling, increase several 
times in value when they are moved from 
the field to the consumer. The economic 
necessity for reducing storage losses and 
extending the storage life of these com- 
modities adds to the more bafic consid- 
eration of reducing world hunger and 
malnutrition. 

Treatments such as heat, chemicals, 
and irradiation effectively reduce popu- 
lations of microorganisms on various 
fruits and vegetables and reduce post- 
harvest losses, but in certain cases the 
resulting injury limits the value of such 
treatments. Enhanced consumer aware- 
ness of chemical residues and a fear of 
the effect of ionizing radiation on fresh 
produce are also prompting the devel- 
opment of alternative methods of pro- 
tection. For some pathogens, particu- 
larly pathogenic bacteria, no practical 
chemical controls have been developed, 
and many fungal pathogens have devel- 
oped resistance to commonly used 
chemicals. To continue to reduce post- 
hawest losses and improve the quality 
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of stored produce, natural mechanisms 
of resistance to pathogens might be 
exploited to reduce dependency on chem- 
ical treatments. 

Certain physiological disorders and 
diseases of storage organs such as fruits 
and vegetables are related to the calcium 
content of their tissues (22,34). Calcium 
deficiency results in serious economic 
losses in vegetable and fruit crops, 
including potatoes and apples (15,44). 
Calcium helps regulate the metabolism 
in apple fruit, and adequate concentra- 
tiong maintain fruit firmness and tawer 
the incidence of such disorders as water 
core, bitter pit, and internal breakdown 
(1,17,26,3 1 ) .  Ripening generally is 
delayed when calcium is increased, and 
fruit maintain their quality longer. in 
potatoes, calcium content has been 
associated with physiological disorders 
such as internal brown spot in tubers (40) 
and subapical necrosis of sprouts (15). 
Decay, whether caused by Erwinia 
carotovora (Jones) Bergey et a? in pota- 
toes (27,28) or by fungal pathogens in 
apples (6,331, also is effectively reduced 
with applications of calcium. 

In this paper we discuss the effect a n  
postharvest decay of ~ncreasing the cal- 
cium content of apple fruit, and potato 
tubers. Research on the effect of en- 
hanced calcium levels has been con- 
ducted along parallel but independent 
lines for both commdities. The units of 
measurement for reporting calcium con- 
tent (micrograms of calcium per gram 
dry weight for apples and percent dry 
weight for potatoes) used in the cited 
papers are also used in this paper. 

The similarity of the calcium effect on 
apples and potatoes may be explained 
by current knowledge of movement of 
the calcium ion in plants. Although intra- 
cellular concentrations of potassium may 
range between 20 and I00 X IOU' M, con- 
centrations of calcium within cells must 
be maintained between lo-' and M 

to prevent interference with ctllularfunc- 
tions. Because calcium is actively ex- 
cluded from living cells of the phloem, 
very little maves there (4). Movement 
instead is  primarily in the xylem and 
preferentially toward meristematic and 
transpiring tissues. In apples and potato 
tubers, calcium that is present initially 
in a cell is greatly diluted when the cell 
enlarges rapidly with flow of nutrients 
from phloem tissue. Once deposited in 
tissue, calcium is not redistributed, and 
in both apples and potatoes, tissues may 
differ widely in concentrations of cal- 
cium. For example, whereas apple leaves 
may contain 0.2-4.0% of calcium dry 
weight, the internal concentration of cal- 
cium in fruit may range from 150 to 300 
pg per gram of dry weight (0.01 5-0.030%) 
(9-1 I). MedulIar tissue in potatoes may 
contain 0.014-0.075% calcium (4 1). 

Methods of Calclum Treatment 
The calcium concentration in apples 

and potato tubers necessary to reduce 
decay significantly usually is higher than 
can be obtained with standard fertiliza- 
tion practices (16). Soils may contain 
adequate levels of calcium, but most of 
what is taken up by plants is distributed 
to the leaves. Calcium sprayed directly 
on apples on the tree can increase the 
calcium content of fruit, but dipping the 
fruit in solutions of  CaCll is more 
effective (14,32). Vacuum or pressure 
infiltration of Car l2  has been superior 
to dips for control of bitter pit in 
Austratia and New Zealand (32). Experi- 
mentally, pressure infiltration with 
solutions of CaC12 for 2 minutes at 68.95 
kPa can increase the cakium conccntra- 
tion of fruit more effectively than 
vacuum infiltration for 2 minutes at 33 
kPa or dipping for 2 minutes (Table I) 
(91. 

Similarly, on an experimental baris, 
the calcium content of potato tubers may 
be increased by vacuum infiltration of 

Plant D iseasdApr i I  1992 329 












