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Calcium Spray Materials and Fruit Calcium 

Concentrations Influence Apple Quality 

J. Thomas Raese1 and S.R. Drake2 

Abstract 

Bearing 'Delicious' and 'Golden Delicious' apple trees in three northcentral Washington orchards were 

treated with up to 12 calcium (Ca) spray materials over five years to determine their effect on fruit qual 

ity. In most cases, Ca spray materials, with the notable exception of CaSO4, increased Ca concentrations 

in the fruit cortex and peel, and reduced the incidence of bitter pit and scald. Fruit firmness and to a less 

er extent titratable acids were frequently enhanced with Ca spray materials, especially CaCl2, but solu 

ble solid concentrations were seldom affected. In 'Delicious' apples, fruit appearance and to a lesser de 

gree total red skin area and internal browning control were improved with sprays of CaCl2 or Stopit. None 

of the Ca spray materials caused unacceptable russet markings on the fruit, but some Ca spray injury oc 

curred on leaves, especially 'Golden Delicious' with the exception of CaSO4 sprays. There was also no 

apparent affect of Ca sprays on fruit size. Therefore, certain Ca sprays, especially CaC^-based materi 

als are advantageous for improving fruit quality of 'Delicious' and 'Golden Delicious' apples. 

Introduction 

With ever increasing global availability 

of apples and new apple cultivars on the 

market, competition for the sale of 'Deli 

cious' and 'Golden Delicious' apples has 

never been greater. Much information is 

available on calcium (Ca) for the control of 

bitter pit and corking disorders in apples 

(4,5) and the importance of Ca on physio 

logical disorders in pears (6,12). However, 

less information is available concerning 

the possible role of Ca and Ca sprays for 

improving apple quality, in addition to re 

ducing the incidence of bitter pit 

(2,3,9,11). 

The objectives of this research were to 

determine the effectiveness of as many as 

12 different Ca spray materials on all as 

pects of fruit quality of 'Delicious' and 

'Golden Delicious' apples over a five-year 

period in three different northcentral 

Washington orchards. Mineral analyses of 

the fruit were also conducted. 

Materials and Methods 

Mature bearing 'Delicious' and 'Golden 

Delicious' apple trees on M 7, or seedling 

rootstocks from orchards near Cashmere, 

East Wenatchee, and Wenatchee in north-

central Washington were sprayed with 12 

different treatments of varying Ca spray 

products (CaCl2, CaCl2 + Regulaid, Stopit, 

Mora-Leaf-Ca, Mora-Leaf-Ca + Link Ca, 

Wuxal, Sorba Ca, Nutri Cal, No. 4-167A, 

CaB'y, CaSO4, Ca. Metalalosate) over a 

five-year period. The Ca spray treatments 

and unsprayed controls were randomly as 

signed. Treatments were arranged as a 

randomized block with 16 single-tree 

replications at the Cashmere' location, 6 

double-tree replications at the East We 

natchee location, and 12 single-tree repli 

cations at the Wenatchee location. 

Years 1 and 2. For years 1 and 2, Ca 

spray treatments and higher than recom 

mended rates are listed in Table 1, for 

'Golden Delicious' and in Table 4 for 'De 

licious' apples. The earliest spray treat 

ments began on June 11 in the East We 

natchee orchard the first year and on June 

6 in Wenatchee the second year and at ap 

proximately 3-week intervals and there 

after at all respective locations. 

Years 3 and 4. Ca spray treatments and 

slightly higher than recommended rates 

are listed in Table 2 for 'Golden Delicious' 

and in Table 5 for 'Delicious'. The earli 

est spray treatments began in Wenatchee 
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Table 1. Effect of calcium spray materials on fruit calcium concentrations 

and quality of 'Golden Delicious' apples from orchards near Cashmere, 

East Wenatchee and Wenatchee, WA (years 1 and 2). 

zMeans in a column not followed by a common letter are significantly different by Duncan's multiple range test (P<0.05). RA=Regulaid. 

on June 4 and 7 for the third and fourth 

year, respectively, and thereafter at nearly 

3-week internvals at all respective loca 

tions. The other two orchard locations 

were sprayed later, especially the Cash 

mere orchard which was at a slightly high 

er elevation. 

Year 5. Spray treatments and recom 

mended rates are listed in Table 3 for 

'Golden Delicious' and in Table 6 for 'De 

licious' trees. The earliest spray treat 

ments were applied in the Wenatchee or 

chard on June 8 and at approximately 3 

week intervals therafter at all respective 

orchard locations-

All Ca treated trees were sprayed to run 

off with a handgun at dilute rates (Ca treat 

ments per 400L of water). Trees in the 

Cashmere and East Wenatchee orchards re 

ceived four sprays per season using rates 

recommended for CaCl2 by the Washing 

ton State University Spray Bulletin (15), or 

manufacturer's suggested rates, while trees 

in the Wenatchee orchard received three 

sprays per season at higher (33%) rates of 

CaCl2 and some others either as early 

sprays or late sprays in years 1 through 4. 

At harvest time in September, a 10-fruit 

sample was collected from each tree. After 

3 to 6 months in regular cold air storage at 

0C, the apples were cleaned and weighed 

and visually rated for overall appearance 

on the basis of 1 =very poor to 8=excellent. 

Skin color for 'Golden Delicious' was vi 

sually rated with the USDA color chart 

(14) where l=green and 4=yellow. 'Deli 

cious' apple color was rated on the basis of 

estimated percent red area on the total 

apple surface. All apples were also rated 

for percent of area occupied by scald and 

or internal browning. The percentage of 

apples with bitter pit was recorded. 

Firmness was determined with the LTP-

1 pressure tester (Kelowna, B.C.) 

equipped with a 1.1 cm probe. Two eval 

uations per apple were made for each firm 

ness determination. Soluble solids con 

centration (SSC) and the titratable acid 

concentration (TA) were determined from 

an aliquot of expressed juice of a longitu 

dinal slice from each apple. An Abbee-

type refractometer with a sucrose scale 

calibrated at 20C was used to determine 

SSC. Acids were titrated to pH 8.2 with 

0.1 N NaOH and expressed as percent 

malic acid. Elemental analysis of plant tis 

sue was performed using a Beckman Spec 

tra-span V analyzer equipped with a dc 

argon plasma emission source (Beckman, 

Brea, CA). Nitrogen was determined with 

a LECO model FP-228 Nitrogen Determi-

nator (St. Joseph, MI). Analysis of vari 

ance was determined using MSTAT C 

(1988) statistical analysis program. Based 

on significant F values, treatment means 

were separated by Duncans's multipe 

range test. 

Results and Discussion 

'Golden Delicious' apples 

Year J and 2. CaCl2-type spray materi 

als including Mora-Leaf-Ca resulted in 



Table 2. Effect of calcium spray materials on fruit calcium concentrations and quality of 'Golden Delicious' apples £ 
from orchards near Cashmere, East Wenatchee and Wenatchee, WA (years 3 and 4). 00 

zMeans in a column not followed by a common letter are significantly different by Duncan's multiple range test (P<0.05). RA = Regulaid. 
YFruit appearance visual rating (1 = very poor and 8 = excellent). 

XUSDAfruit color chart (1 = green and 4 = yellow). 

higher concentrations of Ca in the cortex 

tissue than in fruit from unsprayed control 

trees (Table 1). All Ca spray materials ex 

cept CaB'y produced higher peel Ca con 

centrations than in fruit from the un 

sprayed control trees. Although fruit sizes 

were not significantly different, the fruit 

sprayed with CaB'y appeared to be small 

er and it is surprising that peel Ca concen 

trations were low considering that cortex 

Ca was higher than fruit from the controls. 

Perhaps Ca concentrations in the fruit cor 

tex were relatively higher due to the addi 

tion of boron (B) which was believed to as 

sist in more penetration of Ca (personal 

communication, M. Faust, 1979). 

All Ca treatments reduced the incidence 

of bitter pit (Tablel). While all Ca materi 

als tended to reduce the occurence of scald 

only Nutra-Cal and CaB'y reduced scald 

significantly. In an earlier report (8) 

sprays of Ca (6%) and B (1%) or CaC12 re 

duced the incidence of senescent scald in 

'Bartlett' pears. 

Fruit firmness was increased by all Ca 

sprays (Table 1). Firmness was increased 

up to 0.5 lbs. while no differences for SSC 

or TA occurred between treatments, except 

that TA was lower for fruit from trees 

sprayed with No. 4-167A. 

Years 3 and4. Fruit size was similar for 

all Ca treatments (Table 2). Fruit Ca con 

centrations in the cortex or peel tissues 

were greater in fruit from trees sprayed 

with CaCl2, CaCl2 + RA, Stopit, Moro-

Leaf-Ca + Link Ca, or Wuxal than in fruit 

tissues from unsprayed control trees or 

from CaSO4-treated trees. In many other 

tree fruit trials (6,7,9,10), Ca sprays con 

taining sulfate had lower concentrations of 

Ca in the fruit than in unsprayed controls 

or in other Ca spray treatments; treatments 
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Table 3. Effect of calcium spray materials on fruit calcium concentrations 

and quality of 'Golden Delicious' apples from orchards near Cashmere, 

East Wenatchee and Wenatchee, WA (year 5). 

of sulfate-containing sprays resulted in 

more fruit disorders such as bitter pit or 

cork spot. 

The incidence of bitter pit was also 

lower in fruit from trees sprayed with Ca 

than in the control or CaSO4-treated trees 

(Table 2). The incidence of scald was 

lower in fruit from trees sprayed with 

CaCl2 and CaCl2- based materials (Stopit 

or Moro-Leaf-Ca) than in the Wuxal, 

CaSO4, Ca-Metalosate treated trees or the 

unsprayed control trees. Fruit from trees 

sprayed with Moro-Leaf-Ca + Link Ca re 

ceived the highest rating for appearance 

while the greenest color was observed for 

the fruit treated with CaCl2, Moro-Leaf-Ca 

+ Link Ca, or Wuxal. The latter Ca mate 

rial contains N. 

Fruit firmness was increased for all Ca 

spray treatments except Wuxal (Table 2). 

Highest SSC occurred in fruit from trees 

sprayed with CaCl2 + RA and lowest SSC 

occured in the Ca-Metalosate treatment. 

Titratable acidity was higher in fruit from 

trees sprayed with CaCl2, CaCl2 + RA, 

Moro-Leaf-Ca + Link Ca, or Ca-Met 

alosate than in control fruit. Economical 

ly, significance in fruit quality of one treat 

ment over another includes at least 0.5 lbs 

of firmness, 0.5% SSC and 0.05 or even 

0.02% for TA (Personal Communication, 

K.L.Olsen, 1996). 

Year 5. Fruit sizes were similar for all 

treatments (Table 3). Fruit Ca concentra 

tions were higher than the controls in fruit 

from trees sprayed with each of the various 

Ca-spray treatments. Incidences of bitter 

pit and scald were reduced with all Ca-

spray materals. Highest firmness, SSC 

and TA occurred in fruit from trees sprayed 

with CaCl2 while lowest firmness and TA 

occurred in the unsprayed controls. 

'Delicious' apples 

Years 1 and 2. Fruit size was similar 

among the different Ca treatments (Table 

4). Fruit Ca concentrations in cortex and 

peel were higher in fruit from trees sprayed 

with CaCl2; however, the incidence of bit 

ter pit was reduced in fruit from all the Ca-

sprayed trees. Scald was lower than the 

controls on fruit from trees sprayed with 

Stopit, CaB'y or Nutri-Cal. As previously 

noted with 'Golden Delicious' (Table 1), 

the incidence of scald was lowest with the 

the CaB'y treatment containing B. Al 

though not significant, the lowest inci 

dence of internal browning occurred in 

fruit sprayed with CaCl2. 

In general, fruit appearance was im 

proved for 'Delicious' apples sprayed with 

the various Ca materials (Table 4). In addi 

tion, red color development was improved 

on fruit from trees sprayed with CaCl2 or 

Stopit versus the control. Fruit firmness 

was increased in fruit sprayed with CaCl2 or 

Nurti-Cal. No significant difference oc 

curred among treatments for TA, but most 

Ca treatments increased SSC in fruit. It is 



Table 4. Effect of calcium spray materials on fruit calcium concentrations and quality of 'Delicious' apples from 
orchards near Cashmere, East Wenatchee and Wenatchee, WA (years 1 and 2). 

zFruit appearance on visual rating (1 = very poor; 8 = excellent). I.B. = Internal Browning. 

YMeans in a column not followed by a common letter are significantly different by Duncan's multiple range test (P<0.05). 



Table 6. Effect of calcium spray materials on fruit calcium concentrations and quality of 'Delicious' apples from 
orchards near Cashmere, East Wenatchee and Wenatchee, WA (year 5). 

2Fruit appearance on visual rating (1 = very poor; 8 = excellent). I.B. = Internal Browning. 
YMeans in a column not followed by a common letter are significantly different by Duncan's multiple range test (P<0.05). 

noteworthy that fruit firmness and fruit Ca 

concentrations were highest in fruit from 

the CaCh-sprayed trees (Table 4). 

Years 3 and 4. Fruit weights were sim 

ilar for all Ca treatments (Table 5). Fruit 

Ca concentrations in cortex tissue were in 

creased in fruit from trees sprayed with 

CaCl2 or Moro-Leaf-Ca + Link Ca, while 

fruit Ca in the peel was highest in CaCl2-

sprayed trees followed by Stopit and 

Moro-leaf-Ca+Link Ca treatments. As 

was the case for 'Golden Delicious' (Table 

2), the incidence of bitter pit was highest 

in fruit from trees sprayed with CaS&4 or 
the unsprayed control trees (Table 5). 

Lowest incidences of bitter pit and scald 

occurred in fruit from trees, sprayed with 

CaCl2 though not statistically different 

than some others. A lower incidence of in 

ternal browning occurred in all Ca-sprayed 

fruit. 

It is particularly noteworthy when each 

time CaSO4 sprays or other Ca spray ma 

terials containing sulfur were used that 

fruit Ca concentrations were lower and/or 

that fruit disorders were higher than with 

the other Ca spray materials (Tables 2 and 

5). This observation was also reported for 

'd'Anjou' pears (6,11). In the United 

Kingdom, certain fungicides containing 

sulfur have been associated with bitter pit 

of apples and other fruit disorders (13). 

Bangerth (1) reported that blossom-end rot 

of tomatoes was increased with ZnSC>4 

minus Ca sprays resulting in fruits with the 

lowest Ca content relative to control and 

other treatments. 

Fruit appearance was improved with all 

Ca spray materials (Table 5). However, 

red coloration of fruit was not improved 

with the different Ca sprays. But CaCl2-

sprayed fruit tended to have the highest red 

color rating. It should be noted that fruit 

Ca concentrations in the cortex and peel 

were lower for years 3 and 4 (Table 5) rel 

ative to years 1 and 2 (Table 4) or year 5 

(Table 6). 

Fruit firmness was increased in fruit 

from trees sprayed with CaCl2, Stopit, 

Wuxal or CaSO4 (Table 5). There were no 

differences among treatments for SSC val-
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ues. However, TA was higher in fruit from 

trees sprayed with each of the Ca materials 

than in the control fruit. 

Year 5. Although fruit tended to be 

small for the Wuxal treatment, no statisti 

cal differences in fruit size occurred 

among the Ca treatments (Table 6). Fruit 

Ca concentrations in the cortex and peel 

tissues were increased in fruit from trees 

sprayed with CaCl2, Moro-Leaf-Ca + Link 

Ca or Wuxal. All Ca treatments reduced 

the incidence of bjtter pit, while only 

CaCl2 sprayed fruit had a lower incidence 

of scald. Internal browning was not af 

fected by Ca treatments in year 5. 

Fruit appearance was improved by 

CaCl2 Stopit, Moro-Leaf-Ca + Link Ca or 

Wuxal treatments (Table 6). It appears that 
Ca sprays containing N may not enhance 

yellow color development in 'Golden De 

licious' (Table 2) or red color in 'Delicious' 

(Table 4,5,6). Red coloration was im 

proved over the control on fruit from trees 

receiving Stopit sprays. Fruit firmness was 

increased in fruit from trees sprayed with 

CaCl2 while no differences among Ca 

treatments occurred for SSC or TA values. 

Fruit Ca concentration was related to 

various quality attributes such as fruit 

firmness, TA and fruit disorders (data not 

shown). Fruit Ca concentrations in peel 

and cortex tissue were positively correlat 

ed with fruit firmness in 'Delicious' ap 

ples, TA in 'Delicious' and 'Golden Deli 

cious' and negatively correlated to bitter 

pit in both cultivars. 

Conclusions 

Various Ca sprays,especially CaCl2 and 

CaCl2- based materials, not only reduced 

the incidence of bitter pit in apples but fre 

quently reduced certain other storage dis 

orders and improved fruit appearance. 

Fruit quality in the form of fruit firmness 

and red coloration of peel in 'Delicious' 

were frequently enhanced with the CaCl2 

sprays and it also occasionally increased 

TA, but SSC was rarely affected by Ca 

sprays. While the majority of the Ca prod 

ucts improved fruit quality, some of the 

CaCl2 products had higher rates of Ca per 

year and it resulted in higher concentra 

tions of fruit Ca and better control of bitter 

pit. Yet, the CaSO4 treatment had a mod 

erately high rate of Ca per year, but it was 

associated with the lowest concentration 

of fruit Ca and the poorest control of bitter 

pit. No undesirable fruit markings from 

the different Ca spray materials occurred. 

However, with the exception of CaSO4, 

slight injury on 'Golden Delicious' leaves 

was observed with all Ca sprays, but only 

at high rates. Trees receiving CaSO4 

sprays appeared to be the healthiest with 

the highest vigor. Therefore, certain Ca 

sprays, especially CaCl2- based materials, 

should be considered advantageous for 

improving fruit quality of apples. 
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