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ABSTRACT 
 

Consumer demands for high quality fruit is leading to a greater awareness of the need to 

apply management techniques that enhances the quality of fruits by the fruit growing industry. 

Bitter pit is a disorder that greatly reduces the quality of fruits, and is related to calcium 

deficiency in the fruit. Generally, calcium sprays throughout the fruit growing season are 

recommended to prevent the development of bitter pit, but results are inconsistent. Thus, from 

2004 to 2006 experiments have been conducted to study the absorption of Ca by the fruit, 

analyzing the effect of Ca sprays on the skin and flesh of fruits. The results obtained show 

that Ca treatments at high rates only affect the concentration of the element in the fruit skin, 

and that several sprays are needed to promote a prolonged increase in the concentration of this 

element on the skin, not affecting that in the fruit flesh. The concentrations of other elements 

(Mg and K) were not affected in any case. The absorption of Ca by the apple tree following 

the sprays was confirmed by foliar analysis, where increases in the concentration of the 

element were found. 

 
Keywords: Malus x domestica Borkh., calcium absorption, fruit analysis, bitter pit, mineral 

nutrition, calcium chloride, fruit skin, fruit flesh. 

 
Running head: Ca-sprays only increase Ca concentration in apple skin 
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INTRODUCTION 
 
Consumers demand for high quality food is continuously rising, and thus, the horticultural 

industry is becoming increasingly concern. Calcium physiopathologies in fruits account for 

great economic loses, as damaged fruits have to be discarded for marketing, and thus, fruit 

growers are working hard to avoid the incidence of these disorders, although with little 

success. Bitter pit of apples, one of such calcium related pathologies, is known since the 

beginning of the past century, but up to now little is known about the mechanisms that trigger 

this physiopathology (Ferguson and Watkins, 1989; Saure, 1996). Bitter pit develops during 

the time of postharvest storage, although the process that originates it occurs during the period 

of fruit growth (Ferguson and Watkins, 1989). 

Generally, calcium sprays are been applied during the fruit growing period to reduce the 

incidence of bitter pit, according to spray programmes that recommend a large number of 

applications. However, inconsistent results are generally obtained by the fruit growers. In 

apples, calcium chloride or calcium nitrate have been generally recommended, but later, other 

calcium formulations, particularly organic salts, have been tested to enhance the effects of 

calcium sprays, but conflicting results have been obtained (Wooldridge et al., 1997; Mata et 

al., 2001) that cannot allow general recommendations of their use. According to Schönherr 

(2001) the cuticular penetration of calcium salts is dependant on the dissolution of the salts 

and this is determined by their point of deliquescence, which is smaller in the chloride and 

nitrate salts than in organic calcium salts. Even more, aqueous solubility of the inorganic 

calcium salts is one to two orders of magnitude higher than that of the organic salts. 

The effectiveness of Ca sprays is also dependant upon environmental conditions, 

particularly relative air humidity. In areas like the Middle Ebro Valley, where summer 

temperatures are high and relative air humidity low even at night, the effects of Ca treatments 

are very poor and inconsistent. Thus, to study the absorption of Ca by apple fruits, when 

applied as CaCl2, under such growing conditions, several experiments have been performed, 
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in which different concentration of Ca and different spray programmes have been tested, and 

fruits collected throughout the growing season and analyzed, to explain the poor results 

generally obtained when trying to reduce the incidence of bitter pit in apples. 

 
 

MATERIAL AND METHODS 
 

Localization and Plant Material 
 
From 2004 to 2006, a series of experiments were carried out in a mature orchard of 

‘Smoothee Golden Delicious’ and ‘Fuji’ apple cultivars located at the Estación Experimental 

de Aula Dei farm (Saragossa, Spain). The trials were performed to study the effect of spray 

applications of Ca, on the absorption of Ca by apple fruits, for which different concentrations 

of Ca, or different strategies of application were tested. 

 
Experiments and Treatments Application 

 
Experiment 1.- In 2004, a preliminary experiment was carried out to evaluate the rate of 

absorption of Ca in apple fruits. Mature trees of cv. Fuji/PAJAM1 were sprayed with different 

concentrations of Ca on 15 July, to study the rate of Ca absorption by the fruits. The Ca 

concentrations were 0.25, 0.50, 0.75 and 1 % (w/v), and were compared to an untreated 

control. Fifty fruits per tree were randomly sampled 1, 7, 14, and 21 days after the treatment 

application. Treatments were applied as randomized blocks with three replications, and the 

experimental unit was two trees. 

Experiment 2.- To study the timing of greater absorption of Ca, three different spray 

programmes were applied in 2004 to ‘Smoothee Golden Delicious’ apple trees and compared 

to an untreated control. The programmes consisted of monthly sprays of 1% Ca, two in the 

first half (May and June), two in the second half of the growing season (July and August), or 

4 sprays from May to August. Sprays were made on 30 May, 24 June, 22 July and 17 August, 

2004, around 1 month before harvest. Treatments were applied as randomized blocks with 

three replications, and the experimental unit was three adjacent trees. 
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Twenty fruits from each tree were randomly collected for analysis around 7 days after the 

treatment sprays. At harvest, one further sampling of fruits was made for analysis. 

Experiment 3.- In 2005, the previous experiment was repeated on different trees, to test 

whether the results from the previous year were consistent. 

Experiment 4.- In 2006, 2 Ca spray programmes were tested in ‘Fuji’ apple trees and 

compared to untreated controls. In one programme, 4 sprays were of Ca were applied on dates 

1 June, 30 June, 1 August and 29 August, while, in the other 2 sprays were made on 1 August 

and 29 August. Again, a 1% concentration on Ca was applied, as CaCl2. Treatments were 

applied in randomized blocks with 3 replications, and 3 consecutive trees in the row were the 

experimental unit. Fruit harvest was made on 26 September. 

In all experiments, Ca was sprayed as CaCl2. Anhydrous CaCl2, previously dried, was 

solved, in a proportion of 10 g l-1 of water, and 0.02% Tween20 was added as wetting agent. 

Trees were sprayed to run off, early in the morning. 

 
Experimental Design and Statistical Analysis 

 
All experiments were designed as randomized blocks, with 3 replications, and the 

experimental unit was formed by 3 consecutive trees in the row. ANOVA of data was made, 

and when significant, means were analyzed by Duncan’s multiple range test. 

 
Samplings, Analysis and Other Recordings 

 
Samples of fruits for mineral element analysis were randomly collected around the tree 

canopy. After a careful washing of the fruit skin, a 1 cm section of the fruit was transversely 

cut by the equator, and the skin carefully separated from the flesh, and aliquots from each 

tissue were prepared for analysis. Mineral element concentration of leaves was analyzed from 

samples of 30 to 40 leaves per experimental unit, randomly collected from the middle part on 

growing shoots around the tree canopy. The dates of sampling of the different organs in each 

experiment are stated with the results. 
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Fruit flesh and skin were analyzed separately in a fresh weight basis, and leaf analysis in a 

dry weight basis. 

Twenty central slices from apple fruits per sample were taken. The seeds and core flesh 

were removed. The peel was carefully detached from the fruit and scrapped to eliminate any 

flesh residues; all 20 peels were finely cut (less than 1 mm) and mixed and a 0.5 g aliquot was 

taken for mineral analysis. The mesocarp of these same fruits was cut into small pieces, 

mixed and an aliquot of 2 g was weighted for analysis. 

Fruit tissues were wet digested with 10 mL HNO3 and 2 mL H2O2 in hot plate until 

dryness and dissolved in 10 mL of HCl and fill up to 25 mL with water. 

The leaves with their petioles removed, were carefully washed and brushed in a liquid 

soap solution (1%) and then rinsed with tap and deionized water to eliminate surface 

contamination, and finally dried in an oven at 60 ºC. Aliquots of 1 g dry weight of the 

different samples were used. Dry ashing was carried-out following the methods of (C.I.I., 

1969) and (Pinta and DeWaele, 1975) 

Ca, Mg, Fe, Mn, Cu and Zn concentrations were determined by atomic absorption 

spectroscopy, P concentration by the vanodomolybdophosphoric method and K by flame 

emission. N was analyzed by the Dumas method, using the proteic analyzer NA2100 

(Thermo). 

In several experiments, yield, number of fruits, and mean fruit weight were recorded at 

harvest. A sample of 20 fruits per experimental unit were used to record the fruit quality 

parameters: flesh firmness (by Effegi penetrometer fitted with an 11.1 mm tip); total soluble 

solids (by ATAGO PR-101 digital refractometer); acidity (g malic acid l-1 juice); color 

measurements with a CR-200 chromometer (Minolta Co., Osaka, Japan), on both the blushed 

and the shaded sides of the fruit. Areas to be measured were first wiped gently with a soft 

cloth to eliminate variations in chromaticity values due to dust or spray residues. Color 

measurements were expressed in CIELAB units of L*, a*, and b*. Chroma (C*) and Hue 
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angle (Hº) were calculated from L*, a*, and b* (McGuire, 1992). The average of three 

measurements on each part of the fruit and a total of six records (for all parameters 

considered) were analyzed separately. 

In experiments 3 and 4, photosynthetic activity, transpiration, and stomatal conductance 

were measured with an LCi Portable Photosynthesis Measurement System (ADC 

BioScientific Ltd., Hoddesdon, UK). 

 
 

RESULTS 
 
Experiment 1.- Analysis of Ca, both in the flesh and skin of apples sampled up to 21 days 

after the spray showed an increase in the concentration of this element only in the skin of 

fruits collected during the first 7 days following the spray of the two greatest concentrations 

(Table 1). The analysis of other elements, as Mg and K, did not show significant differences 

due to the Ca treatments applied. 

Experiment 2.- The Ca application programmes did not result in significant increases in 

Ca concentration in the fruit flesh (Figure 1a) compared to the untreated controls. On the 

contrary, the programme of Ca application that included 2 early sprays (May and June) 

promoted an increase in Ca concentration on the apple skin shortly after the date of treatment 

application, but the concentration declined to levels similar to those in untreated trees by 

harvest time (Figure 1b). The programme consisting of two late applications (July and 

August) promoted a sharp increase in Ca concentration also shortly after the first spray, while 

the programme including 4 applications resulted in a constant increase in the concentration of 

Ca in the fruit skin compared to the untreated controls (Figure 1b). 

The analysis of Mg and K of fruit flesh and skin showed that the concentration of these 

elements decreased along the growing pattern, and the patterns did not changed significantly 

following any of the Ca applications programmes applied (Table 2). Only, the concentration 
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of K in the skin of apples collected in the first date, from trees treated with Ca had a 

significantly smaller concentration. 

During the growing season a phytotoxic effect of the Ca sprays was observed: leaves in 

Ca treated trees became yellowish, and leaf fall occurred. This effect occurred in all Ca 

treatments. 

The application of spray programmes that included early applications (May and June) 

resulted in significantly smaller yields (Table 3), due to a great fruit fall during the growing 

season. However, the reduction of fruit numbers did not result in increases in mean fruit 

weight. The measurement of fruit quality parameters did not show differences between the 

different spray programmes (Table 3). 

Experiment 3.- In 2005, Ca application programmes similar to those of experiment 2 were 

tested. Again, no effects on Ca fruit flesh content were detected, while significant effects were 

found on the fruit skin (Figure 2): an increase in Ca concentration was observed following the 

treatments application, but once the spray applications were finished, the concentration 

lowered to levels close to those of untreated fruits. 

Other mineral elements analyzed in fruit flesh and skin showed no changes in 

concentration following the Ca sprays (Data not shown). 

Analysis of leaves made on 5 July to study the effects of the Ca treatments on their 

mineral element composition showed effects on some macroelements (Table 4). On this date, 

N concentration was significantly greater than in the controls in leaves from trees sprayed 

according to the programmes that included sprays early in the season. On the contrary, a 

general decrease in P concentration was found in Ca sprayed trees, and an increase in K was 

found in leaves from trees in which Ca application was starting. Microelement concentrations 

did not vary following the application of Ca. 

The phytotoxicity of the high Ca concentration applied was again observed, and 

measurements of photosynthetic activity in undamaged leaves were made (Table 5). Both on 
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20 July, and 2 August, a significant increase in photosynthetic rate was observed of trees 

treated according to the programme consisting of 4 Ca sprays. However, stomatal 

conductance on leaves from the treatments applied was not significantly different than in the 

controls for any of the dates in which the recordings were made. 

At harvest, the analysis of fruit quality parameters showed no significant differences 

between the different Ca application programmes and the untreated controls (Data not 

shown). A large sample of fruits was cold-stored and by December no significant differences 

in the fruit quality traits were also observed (data not shown). During this period of time, an 

increase in bitter pit incidence was observed (Figure 3), where the percentage of pitted fruits 

in the untreated trees was greater than on the Ca-treated trees, but differences between the Ca-

spray programmes were not statistically significant due to the great variability of data. 

Experiment 4.- In 2006 the Ca spray programmes tested included applications on ‘Fuji’ 

apple trees from June or July until 1 month before expected harvest. 

Changes in Ca concentration in the fruit flesh along the growing season were similar for 

both Ca-programmes applied (Figure 4a), although a significant increase in concentration was 

found in the last date of sampling, prior to harvest. In the fruit skin (Figure 4b), a significant 

increase in concentration was found since the beginning of August onwards, in the fruits from 

trees subjected to the Ca spray programmes compared with the untreated controls. The other 

elements analyzed in the fruit flesh and skin (Mg and K) did not showed different patterns of 

behaviour as a result of the Ca spray programmes applied to the trees (Data not shown). 

At harvest, no changes were found in yield and fruit number and mean weight due to the 

Ca sprays. Similarly, the fruit quality traits recorded in fruits sampled at harvest showed no 

significant differences between treatments except for juice acidity, which was significantly 

lower in the fruits from trees treated with Ca (Data not shown). 

Analysis of mineral elements in leaves (Data not shown) carried out on 10 June, 10 days 

after the first Ca-spray in programme 1, showed that Ca concentration in the leaves of trees 
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already treated was significantly greater than in the untreated trees. One further analysis 

carried out on 5 July, shortly after the second Ca-spray in programme 1, and the first spray in 

programme 2, showed again a significant increase in the concentration of this element in trees 

following programme 1, while no effect was found on the other programme compared to the 

untreated control. In both dates, the other elements analyzed did not show differences due to 

the Ca-spray programmes. 

This year, leaves of trees sprayed with Ca also showed a certain level of phytotoxicity. 

However, measurements of photosynthetic rate, stomatal conductance, or chlorophyll 

concentration made in unaffected leaves did not show significant effects due to the Ca 

applications (data not shown). 

 
 

DISCUSSION 
 
The development of calcium physiopathologies, is an important cause of loss of fruit quality. 

This worsens when growing fruits of great size to meet the commercial requirements, as large 

fruits tend to develop bitter pit and other physiopathologies to a larger extent than smaller 

fruits (Ferguson and Watkins, 1992). Bitter pit and other physiopathologies are associated 

with low concentrations of Ca in the fruit. Spray-applied Ca is the common therapy for bitter 

pit. However the effectiveness of Ca sprays is not always consistent (Rosen et al., 2006), for 

which this work was performed to study the absorption of this element by the apple fruit. The 

experiments were performed in two apple cultivars that are sensitive to calcium-related 

physiopathologies: ‘Smoothee Golden Delicious’, very sensitive to bitter pit, and ‘Fuji’, to 

lenticel blotch pit. Besides, the analysis of mineral elements in the fruits was carried out 

separately on the skin and pulp. 

Ca is a common element in the soil. It is readily absorbed by the root system of the tree 

and transported in the transpiration stream, towards the growing tissues, where it is fixed to 

the cell walls. Reallocation of this element does not occur (Vang-Petersen, 1980), and so, it is 
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very important to target the fruit, when spraying Ca to apple trees, as the amount translocated 

from the leaves to the fruit is negligible. This has been confirmed by our results, as increases 

of 14 to 29% of Ca concentration have been found in the leaves, far greater than in the fruits. 

The accumulation of Ca in the apple fruit is a subject of discussion (Saure, 2005), although 

greater evidence suggests a continuous uptake during the period of fruit growth. Ca 

accumulation in the apple fruit increases from bloom until ripening (Haynes and Goh, 1980), 

but, as fruit weight increases at a greater pace, Ca concentration in the fruit decreases. 

Ca concentration is not uniform across the fruit: greatest concentrations are found in the 

apple core, decreasing in the apple flesh towards the outer part, and rising again in the apple 

skin (Perring and Pearson, 1985; Perring, 1986; Aznar et al., 2001). Our results, in agreement 

with these statements, show that Ca concentration in the fruit skin is greater than in the pulp, 

and in both tissues decrease along the growing season. 

The common therapy for calcium physiopathologies is the spray of calcium solutions. The 

general advice for Ca-concentrations of preharvest sprays for apple orchard management 

usually varies between 0.03 to 0.1 % Ca concentrations. However, our results show that Ca 

absorption by the apple fruit is achieved when concentrations in the spray solution are no less 

than 0.5 %, far greater than those commercially applied. The increase in Ca concentration was 

found in the apple skin, while no changes in concentration were observed in the flesh. This 

was later confirmed in all the other experiments, when a concentration of 1% Ca was applied. 

Increases in Ca concentration both in fruit flesh and skin have been found in ‘Jonathan’ 

apples (Kadir, 2004), and always, the increase in concentration in the peel was far greater than 

in the pulp. 

Several Ca-sprays along the growing season are generally recommended to reduce the 

development of bitter pit in apples (van Goor, 1971). Our results show, in agreement with 

this, that Ca concentrations of in the fruit skin increased shortly after the treatment 

application, and after 10 days the effect faded away, but when repeated sprays were applied, 
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even at monthly intervals, the concentration of Ca in the apple skin remained high. Ca-

applications made early in the season were found to reduce bitter pit development in apples 

(Neilsen et al., 2005), and the greatest penetration of Ca were observed to occur before June 

drop, while later in the growing season, the rate of Ca penetration in the fruit fall (Schlegel 

and Schönherr, 2002). Our results show an increase in Ca-concentration in the apple skin, 

following sprays of a 1% concentration, both when applied early in the season, or late, close 

to harvest. Nevertheless, apples that were sprayed early in the growing season tend to 

decrease the concentration of Ca once the applications are finished, and by harvest time, they 

were close to those of untreated fruits. On the contrary, Ca-spray programmes that included 

applications up to one month before harvest, always maintained higher concentrations of the 

element in the apple skin, independently of the number of sprays. Postharvest evaluation of 

bitter pit development in apple cold-stored showed no differences in the incidence between 

early, or late sprays, or even between applications made throughout the whole fruit growing 

season. 

Increases in the concentrations of other mineral elements in fruit flesh and skin were also 

noted by Kadir (2004). However, our results show no effects on the concentration of these 

elements in the tissues analyzed. Similarly, several authors (Raese and Drake, 1993; Kadir, 

2004; Neilsen et al., 2005) have reported changes in fruit quality traits, particularly flesh 

firmness, acids and color, associated with increases of Ca concentration in the pulp of fruits 

following the application of several Ca-sprays. Again, our results have not shown any effects 

on these parameters, perhaps in accordance with the lack of effects on the pulp Ca 

concentration. 

Research on bitter pit development of apples is now being focused on other physiological 

aspects (Val et al., 2006). However, the main attention is still paid to the application of Ca to 

the fruit, with little success. This little effectiveness may well be due to difficulties in the 

penetration of Ca through the fruit epidermis, as shown by our results. Work has been carried 
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out lately to elucidate the absorption mechanisms of Ca through the skin cuticule, and the 

results show that the penetration of chemicals largely depends upon the point of 

deliquescence (POD) of the salts (Schönherr, 2001). In this sense, Ca2Cl has a lower POD 

than other Ca salts, for which its effectiveness is greater. However, our results show that very 

high concentrations are to be used to increase the Ca concentration in the fruit skin, although 

this is little affected in the fruit flesh. The high concentrations tested in our experiments, that 

succeeded in increasing Ca-concentartion in the apple skin, have fitotoxic effects in the apple 

tree, which resulted in defoliation and reductions of yield. Consequently lower concentrations 

must be sprayed onto the trees, and thus, other approaches should be made to progress in the 

reduction of bitter pit incidence in apple. In this sense, and as pointed out by Roy et al. 

(1996), the choice of surfactants to add to the Ca solution might be crucial,  

 
 

ACKNOWLEDGMENTS 
 

Work carried out under research projects AGL-2000-1698, AGL2004–04305/AGR (Plan 

Nacional de Recursos y Tecnologías Agroalimentarias), and PM017/2004 (Gobierno de 

Aragón).  The authors acknowledge M.A. Gracia for the excellent analytical work carried out 

during the development of this research project. 

 
 

REFERENCES 
 
Aznar, Y., E. Cortés, A. Blanco, and J. Val. 2001. Gradientes nutricionales en manzanas 

afectadas por bitter pit. Actas de Horticultura 31: 1679-1693. 

C.I.I. 1969. Comite InterInstitutos para el Estudio de Técnicas Analíticas. Métodos de 

referencia para la determinación de elementos minerales en vegetales. Anales de 

Edafología y Agrobiología 38: 403-417. 

Ferguson, I.B. and C.B. Watkins. 1989. Bitter pit in apple fruit. Horticultural Reviews 11: 

289-355. 



 13

Ferguson, I.B. and C.B. Watkins. 1992. Crop load affects mineral concentrations and 

incidence of bitter pit in `Cox's Orange Pippin` apple fruit. Journal of the American 

Society for Horticultural Science 117: 377-379. 

Haynes, R.J. and K.M. Goh. 1980. Variation in the nutrient content of leaves and fruit with 

season and crown position for two apple varieties. Australian Journal of Agricultural 

Research 31: 739-748. 

Kadir, S.A. 2004. Fruit quality at harvest of 'Jonathan' apple treated with foliarly-applied 

calcium chloride. Journal of Plant Nutrition 27: 1991-2006. 

Mata, A.P., J.M. Charlez, J. Val, and A. Blanco. 2001. Evaluación del Calcimax® como 

corrector del bitter pit en manzanos de tipo Golden. Actas de Horticultura 31: 1654-

1659. 

McGuire, R.G. 1992. Reporting of objective color measurements. HortScience 27: . 1254-

1255. 

Neilsen, G., D. Neilsen, S. Dong, P. Toivonen, and F. Peryea. 2005. Application of CaCl2 

sprays earlier in the season may reduce bitter pit inceidence in 'Braeburn' apple. 

HortScience 40: 1850-1853. 

Perring, M.A. 1986. Incidence of bitter pit in relation to the calcium content of apples: 

Problems and paradoxes, a review. Journal of the Science of Food and Agriculture 37: 

591-606. 

Perring, M.A. and K. Pearson. 1985. Incidence of bitter pit in relation to the calcium content 

of apples: Calcium distribution in the fruit. Journal of the Science of Food and 

Agriculture 37: 709 - 718. 

Pinta, M. and G. DeWaele. 1975. Etalons vegetaux pour l'analyse foliare, p. 159-172. In: P. 

Kozma (ed.). Le contrôle de l'alimentation des plantes cultivées. Budapest, Akademiai 

Kiado. 



 14

Raese, J.T. and S.R. Drake. 1993. Effects of preharvest calcium sprays on apple and pear 

quality. Journal of Plant Nutrition 16: 1807-1819. 

Rosen, C.J., P.M. Bierman, A. Telias, and E.E. Hoover. 2006. Foliar- and fruit-applied 

strontium as a tracer for calcium transport in apple trees. HortScience 41: 220-224. 

Roy, S., W.S. Conway, J.G. Buta, A.E. Watada, C.E. Sams, and W.P. Wergin. 1996. 

Surfactants affect calcium uptake from postharvest treatment of 'Golden Delicious' 

apples. Journal of the American Society for Horticultural Science 121: 1179-1184. 

Saure, M.C. 1996. Reassessment of the role of calcium in development of bitter pit in apple. 

Australian Journal of Plant Physiology 23: 237-243. 

Saure, M.C. 2005. Calcium translocation to fleshy fruit: its mechanism and endogenous 

control. Scientia Horticulturae 105: 65-89. 

Schlegel, T.K. and J. Schönherr. 2002. Stage of development affects penetration of calcium 

chloride into apple fruits. Journal of Plant Nutrition and Soil Science 165: 738 - 745. 

Schönherr, J. 2001. Cuticular penetration of calcium salts: effects of humidity, anions, and 

adjuvants. Journal of Plant Nutrition and Soil Science 164: 225-231. 

Val, J., M.A. Gracia, A. Blanco, E. Monge, and M. Pérez. 2006. Polypeptide pattern of apple 

tissues affected by calcium- related physiopathologies. Food Science & Technology 

International 12: 417-421. 

van Goor, B.J. 1971. The effect of frequent spraying with calcium nitrate solutions on the 

mineral composition and the occurrence of bitter pit of the apple Cox's Orange Pippin. 

Journal of Horticultural Science 46: 347-364. 

Vang-Petersen, O. 1980. Calcium deficiency of ‘Cox's Orange’ apple trees during the fruit 

growth period. Scientia Horticulturae 12: 163-168. 

Wooldridge, J., M.E. Joubert, and W.A.G. Kotze. 1997. Control of bitter pit in apple and 

internal breakdown in plum using an organically complexed calcium carrier (Calcimax). 

Acta Horticulturae 448: 351-357. 



 
 

Figure 1. Changes in Ca concentration in the flesh (a) and skin (b) of fruits sampled 

along the growing season from trees treated according to different Ca spray 

programmes: (●): Untreated control; (▲): 2 sprays in May and June; (▼): 2 sprays in 

July and August; (■): 4 sprays from May to August. (Experiment 2, 2004). 

 



 
 
Figure 2. Variation in Ca concentration of pulp (a) and skin (b) of ‘Smoothee Golden 

Delicious’ apples collected from trees treated with 1% Ca, either sprayed twice in May 

and June (▲), or in July and August (▼), or four times between May and August (■), 

and compared to untreated trees (●). (Experiment 3; 2005) 

 



 

Figure 3. Progress of bitter pit damaged fruits under cold storage conditions, from trees 

sprayed according to different spray programmes: (●) - Untreated control. (▲) - 2 

sprays in May and June. (▼) - 2 sprays in July and August. (■) - 4 sprays from May to 

August (Experiment 2; 2005). 

 



 
 
Figure 4. Changes in Ca concentration in the flesh (a) and skin (b) of ‘Fuji’ fruits 

sampled along the growing season from trees treated according to different Ca spray 

programmes: 4 sprays from 1 June until 29 August (▲), 2 sprays on 30 June and on 29 

August (▼), and compared to untreated trees (●). (Experiment 4, 2006) 



Table 1 

Effect of different concentrations of Ca applied as CaCl2, on Ca concentration in the flesh and 

skin of apples collected from 1 to 21 days after the spray application (Smoothee Golden 

Delicious/PAJAM1) 

 Days after treatment 

Treatment 1 7 14 21 

Flesh     

Control 6.90 6.23 6.49 4.54 

0.25 % Ca  7.15 5.56 4.19 3.38 

0.50 % Ca 6.19 5.49 3.73 3.85 

0.75 % Ca 6.75 6.14 5.56 3.89 

1.0 % Ca 6.56 6.68 5.96 5.24 

signif.  ns ns ns ns 

Skin     

Control 17.96 a 16.44 a 12.58 14.45 

0.25 % Ca  11.59 b 18.44 a 16.34 8.46 

0.50 % Ca 12.44 ab 14.80 a 10.56 10.86 

0.75 % Ca 18.16 ac 28.47 b 14.17 10.96 

1.0 % Ca 19.35 c 19.22 a 16.05 17.96 

signif.  * *** ns ns 

 
*,***, ns: significant at P ≤ 0.05, P ≤ 0.001 or non significant respectively. 

Within each column, values followed by similar letter do not differ significantly at P ≤ 0.05. 



Table 2 

Effect of different Ca spray programmes, on the concentration of Mg and K in the skin and 

flesh of apples collected shortly after the treatment application and at harvest (15 September) 

(Smoothee Golden Delicious/PAJAM1). 

Date 31 May 1 July 29 July 20 Aug. 15 Sept. 

Spray programme 47 DAFB 84 DAFB 112 DAFB 134 DAFB 159 DAFB

Mg Flesh      

Untreated control 17.79 8.86 5.87 5.96 4.47 

May – June (2 sprays) 17.24 10.79 5.76 5.80 4.79 

July - August (2 sprays) 17.79 8.19 6.25 6.12 4.88 

May to August (4 sprays) 17.63 9.09 5.85 6.39 4.88 

signif.  ns ns ns ns ns 

Mg Skin      

Untreated control 19.85 27.30 27.18 20.00 26.36 

May – Jun2 (2 sprays) 18.68 17.70 27.22 27.12 26.17 

July - August (2 sprays) 19.85 23.54 25.17 26.92 22.26 

May to August (4 sprays) 18.68 23.81 25.69 22.16 22.18 

signif.  ns ns ns ns ns 
      

K Flesh      

Untreated control 284.3 195.9 176.4 148.8 173.6 

May – Jun2 (2 sprays) 266.3 216.0 200.2 204.0 180.4 

July - August (2 sprays) 284.3 218.3 172.1 165.1 162.8 

May to August (4 sprays) 249.5 212.0 183.3 182.0 183.1 

signif.  ns ns ns ns ns 

K Skin      

Untreated control 312.3 a 220.1 255.9 194.2 209.2 

May – Jun2 (2 sprays) 246.6 b 278.9 277.4 258.7 243.6 

July - August (2 sprays) 312.3 a 258.6 244.0 235.9 213.7 

May to August (4 sprays) 246.6 b 267.9 268.3 244.3 218.2 

signif.  *** ns ns ns ns 

***, ns: significant at P ≤ 0.001 or non significant respectively. 

Within each column, values followed by similar letter do not differ significantly at P ≤ 0.05. 



Table 3 

Yield and fruit quality parameters measured at harvest in ‘Smoothee Golden Delicious’ apple trees treated with 1% Ca, according 

to different spray programmes. 

 Yield No. fruits Mean fruit Flesh firmness Soluble solids Acidity Thiault 

Spray programmes (kg/tree) per tree weight (g) (N) (%) (g malic acid l-1) Index 

Control 18.0 a 143.7 ab 142.1 86.0 14.4 7.19 224.4 

May and June (2 sprays) 6.5 b 38.7 c 166.7 87.0 15.1 8.08 240.9 

July and August (2 sprays) 25.5 c 170.3 b 152.2 88.0 14.1 7.05 220.2 

May to August (4 sprays) 9.8 b 62.3 ac 164.8 89.0 14.9 7.60 134.1 

signif ** * ns ns ns ns ns 

*,**, ns: significant at P ≤ 0.05, P ≤ 0.01 or non significant respectively. 

Within each column, values followed by similar letter do not differ significantly at P ≤ 0.05. 
 



Table 4 

Mineral element composition of leaves collected on 5 July, 2005, from ‘Smoothee Golden 

Delicious’ apple trees treated with 1% Ca following different spray programmes. 

 Ca spray programmes  

 Control May and June July and August May to August signif 

  (2 sprays) (2 sprays) (4 sprays)  

Macroelements (% DW)     

Ca 1.90 a 2.41 b 2.18 ab 2.46 b * 

N 2.78 a 2.66 ab 2.75 a 2.56 b * 

P 0.18 a 0.16 b 0.20 c 0.16 a *** 

K 1.19 ab 1.05 a 1.31 b 1.12 a * 

Mg 0.33 0.34 0.34 0.32 ns 

Microelements (mg / kg DW)    

Fe 121.9 121.4 114.0 130.3 ns 

Mn 42.8 43.3 40.6 44.2 ns 

Cu 7.51 7.62 8.09 7.52 ns 

Zn 12.2 11.3 12.6 10.6 ns 

 
*,***, ns: significant at P ≤ 0.05, P ≤ 0.001 or non significant respectively. 

Within each line, values followed by similar letter do not differ significantly at P ≤ 0.05. 



Table 5 

Photosynthetic rate and stomatal conductance measured in different dates, in leaves of ‘Smoothee 

Golden Delicious’ apple trees treated with 1% Ca according to different spray programmes. 

 Photosynthetic rate  Stomatal conductance 

 (μmol m-2 s-1) (mol m-2 s-1) 

Treatments 20 July 2 August 20 July 2 August 

Untreated control 6.41 a 5.23 ab 1.45 0.28 

May and June (2 sprays) 7.25 a 4.07 a 1.10 0.29 

July and August (2 sprays) 7.87 ab 5.36 ab 0.71 0.27 

May to August (4 sprays) 10.53 b 7.43 b 1.02 0.81 

signif.  * * ns ns 

 
*, ns: significant at P ≤ 0.05, or non significant respectively. 

Within each column, values followed by similar letter do not differ significantly at P ≤ 0.05. 
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