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Abstract 

Foliar calcium sprays applied every 14 days, starting two weeks after full bloom and continuing until 

one week before harvest, did not reduce surface discoloration or increase fruit quality of mid- or late-

season peach and nectarine cultivars. Multiple commercial calcium foliar sprays did not affect fruit sol 

uble solids concentration (SSC), fruit firmness, fruit internal breakdown, and fruit flesh calcium con 

centration at harvest. Calcium concentration in the skin of the fruit was raised in three of the four 

varieties studied, leaf calcium was increased in two of the late cultivars. 

Introduction 

Surface discoloration, or inking, of 

peach and nectarine fruit has become an 

increasing problem during the last two 

decades in California and in other stone 

fruit production areas including Washing 

ton, Colorado, New Jersey and Chile. Sur 

face discoloration symptoms appear as ei 

ther dark black, dark brown, orange, or tan 

spots and stripes. This surface discol 

oration is restricted to the skin and never 

affects the fruit flesh. 

Of the fruit shipped to the New York 

market between 1972 and 1975, nearly 

16% of the peaches and 13% of the nec 

tarines showed surface discoloration prob 

lems (1). In March 1991, we sent a survey 

to peach and nectarine producers in Cali 

fornia's southern San Joaquin Valley area 

to ascertain at which step during harvest 

and postharvest handling operations they 

first noticed surface discoloration. Twen 

ty-six percent of the respondents first ob 

served surface discoloration just after 

picking while the fruit was still in the bins, 

10% when it arrived at the packinghouse, 

38% during the packing operations, and 

5% upon leaving the packinghouse. High 

surface discoloration levels, in some cases 

approaching 60%, were reported during 

packinghouse sorting operations. 

Previous research has demonstrated that 

surface discoloration occurs as a conse 

quence of preharvest contamination com 

bined with physical damage that occurs 

during fruit handling and transport (2). 

Anatomical studies comparing healthy 

with naturally and/or induced surface dis 

coloration tissues, using light microscopy 

and scanning electron microscopy, demon 

strated that surface abrasion was the pri 

mary physical injury associated with skin 

discoloration (2). Epidermal cells within 

the discolored spots were broken but those 

in non-discolored areas were intact. Flesh 

tissue cells (hypodermis and mesocarp) 

underneath the epidermis were intact in 

both cases. Postharvest vibration and rub 

bing treatments increased surface discol 

oration supporting our hypothesis that tis 

sue damage is a requirement for surface 

discoloration development (2, 3). 

Laboratory studies support our premise 

that contamination is also necessary for the 

development of surface discoloration (3). 

We demonstrated that only those fruit 

discs that were abraded developed dark 

discoloration after being exposed to differ 

ent metallic ion concentrations. Ions test 

ed included iron, aluminum, copper, tin, 

zinc, and sodium. Fruit discs that were not 
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abraded were not discolored when treated 

with these metallic ions. 

It is known that calcium maintains cell 

wall structure, retains fruit firmness, de 

lays ripening and senescence, and helps re 

duce susceptibility to fruit physical dam 

age. Previous research suggests that 

calcium sprays may be beneficial for ap 

ples and peaches growing in others regions 

of the United States (4,6). Based on this in 

formation some growers have hypothe 

sized that foliar calcium sprays may be 

helpful in reducing or preventing surface 

discoloration. However, while there are 

calcium formulations listing label recom 

mendations for "improving fruit quality," 

there are no such recommendations given 

for reducing surface discoloration. 

Because of a lack of data under Califor 

nia conditions to support this hypothesis 

we decided to investigate the role of foliar 

calcium applications on peach and nec 

tarine fruit quality and surface discol 

oration incidence. 

Materials and Methods 

'Flavorcrest,' 'Elegant Lady' and 'Cal 

Red' peaches and 'Flaming Red' nec 

tarines from mature orchards in the north 

ern Tulare County area with a history of 

surface discoloration were used in this 

study. Our prior research determined that 

these cultivars are all highly susceptible to 

surface discoloration. Based on label rec 

ommended rates, and on current grower 

practice, we designed our treatments to in 

clude varied application timing, rates, and 

calcium sources. All calcium treatments 

were then applied in 100 gallons of water 

per acre by air-blast sprayer. Treatments 

are summarized in Table 1. 

Statistical Design and Analysis 

In the 'Flavorcrest' and 'Elegant Lady' 

trials, spray treatments were applied to 

complete rows using a completely ran 

domized design. Two non-sprayed rows 

were left as a border between treated rows. 

In the 'Cal Red' and 'Flaming Red' or 

chards, experimental units were randomly 

assigned to six tree groups within each 

row. All treatments were replicated three 

times. Postharvest data was statistically 

analyzed by ANOVA using SAS program 

(SAS Institute, Cary, NC). 

Fruit Quality Evaluation 

For each variety, 100 fruit per replicate 

were picked at commercial maturity as de 

termined by ground color requirements es 

tablished by the California Tree Fruit 

Agreement. Sun exposed fruit, located on 

the middle of the east side of the tree 

canopy, were collected for evaluation. 

Twenty of these fruit were used for the 

measurement of fruit quality (flesh firm 

ness and SSC) at harvest. Flesh firmness 

was measured using a U.C. firmness tester 

with an 8-mm tip (Western Industrial Sup 

ply, San Francisco, CA). Skin from oppo 

site cheeks of each fruit was removed and 

flesh firmness calculated as an average of 

two measurements per fruit. A wedge from 

each fruit was then removed and combined 

with others within the replicate to form a 

composite sample. From this composite 

sample, juice was extracted with a hand 

press, filtered through cheesecloth, and 

SSC measured with a temperature com 

pensating refractometer (Cambridge In 

struments, Buffalo, NY). 

Aggregate surface discoloration area 

(ASDA), an indication of total surface dis 

coloration incidence, was determined by 

measuring the affected area of each fruit 

surface with a 10 mm loop (78.5 mm2). 
The number of fruit exceeding commercial 

standards for surface discoloration (>80 

mm2 total affected area) were counted and 
expressed as percent of fruit affected. 

The remaining twenty fruit per replicate 

were held in a temperature controlled 

room at 68°F (20°C) and 80% RH for three 

days prior to surface discoloration evalua 

tions. Surface discoloration incidence was 

measured both as the percentage of fruit 

affected and as ASDA. 

Storage Evaluation 

Storage trials were performed on the 

cultivars 'Flavorcrest'and 'Elegant Lady.' 

For these tests, 40 fruit per replicate were 

conventionally stored at 32°F (0°C), and 

90% RH. Twenty fruit per replicate were 
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Table 1. Summary of calcium spray treatments. 

removed at weeks 2 and 4 of storage for 

evaluation. Fruit were allowed to reach 

room temperature and then Flesh firmness 

and SSC were measured on ten of the fruit 

while the other ten fruit were ripened at 

68°F (20°C) for 5-7 days prior to evalua 

tion for internal breakdown (IB). IB symp 

toms are characterized by flesh browning 

and changes in texture including loss of 

juiciness, and increased mealiness and 

leatheriness. These observations were 

made on the mesocarp around the pit im 

mediately after the fruit were cut trans 

versely along the plane of the suture. 

Tissue Mineral Content 

At harvest, leaf, skin, and flesh calcium 

concentration was measured. Samples 

consisted of 20 natural fruit and 30 leaves 

per replicate. Fruit samples were washed 

and scrubbed to remove the peach fuzz and 

any calcium residues remaining on the sur 

face. Leaf samples were washed, dried, 

and ground before being sent to the UC 

Davis plant tissue laboratory. 

Results and Discussion 

Fruit Quality and Storage Evaluation 

Calcium applied either one or five times 

on 'Flavorcrest' and two or six times on 

'Elegant Lady' did not reduce the percent 

age of fruit with surface discoloration or 

ASDA(data not shown). Eight calcium ap 

plications during the growing season did 

not reduce surface discoloration incidence 

on 'Flaming Red' nectarine or 'Cal Red' 

peach (Table 2). 

Flesh firmness, SSC measured at har 

vest, and IB measured after 2 and 4 weeks 

storage period on ripe fruit, were not af 

fected by any of the calcium spray treat 

ments on 'Flavorcrest' or 'Elegant Lady.' 

Flesh internal browning and mealiness 

were not detected on ripened fruit regard 

less of treatment when evaluated after 2 

and 4 weeks storage (Table 3). 
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Table 2. Effect of calcium spray 

treatments on tissue calcium con 

centration of 'Flavorcrest; Ele 

gant Lady,' and 'Cal Red1 peaches 

and 'Flaming Red' nectarine. 

Cultivar 

Rate 

(lbs calcium/ 

acre/season) ASDAZ 

Surface discoloration 

ZASDA = Aggregate surface discoloration area; total area of in 

dividual fruit affected by surface discoloration in mm2. 

YPercent of fruit presenting surface discoloration in excess of 

grade standards. 

XNS = no significant differences, according to ANOVA and LSD 

mean separation test at 5% level. 

Tissue Mineral Content 

Calcium concentration was higher in the 

skin than in the flesh tissue (Table 4). Leaf 

calcium concentration was always higher 

than calcium in the fruit. Leaf calcium 

concentration was significantly increased 

by calcium foliar sprays only on the late 

cultivars 'Cal Red' peach and 'Flaming 

Red' nectarine but not in the two earlier 

harvest cultivars. The two late cultivars re 

ceived a total of eight calcium applica 

tions. The lack of calcium uptake by 'Fla 

vorcrest' and 'Elegant Lady' leaves may be 

related to the low number of foliar sprays 

(1-6) combined with the fact that calcium 

concentration in peach leaves is generally 

high (approx. 3%). Thus, these multiple 

calcium sprays of approximately 400 ppm 

(0.04%) each had likely no effect on in 

creasing leaf levels in any of these mid sea 

son cultivars. 

Foliar calcium sprays increased skin 

concentration in mature 'Flavorcrest,' 'Cal 

Red' and 'Flaming Red' but had no affect 

on 'Elegant Lady' peach. In the four culti 

vars used, foliar calcium sprays did not in 

crease flesh calcium content (Table 4). At 

harvest, skin calcium of untreated fruit 

ranged from 300-650 ppm and flesh calci 

um was approximately 300 ppm. As much 

as, one might expect eight sprays of ap 

proximately 400 ppm calcium each to be 

sufficient to increase flesh calcium con 

centrations. This lack of calcium uptake by 

the fruit flesh suggests that calcium mobil 

ity is extremely limited within peach and 

nectarine fruit tissue under California or 

chard condition. 

Table 3. Effect of calcium spray treatments on 'Flavorcrest' and 'Elegant 

Lady' peach quality characteristics. 

internal Browning: 1 = None; 2 = Very slight browning in the pit cavity; 3 = Very slight browning in the pit cavity and surrounding 

tissue; 4 = Moderate browning on less than 50% of the flesh; 5 = Severe browning on 50 to 75% of the flesh; 6 = Extreme browning 

covering most of the flesh. 

YPercent of fruit presenting mealiness. 

XNS = no significant differences, according to ANOVA and LSD mean separation test at 5% level. 
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Table 4. Effect of calcium spray 

treatments on tissue calcium con 

centration of mature 'Flavorcrest; 

'Elegant Lady/ and 'Cal Red' 

peaches and 'Flaming Red' nec 

tarine. 

2NS = no significant differences, according to ANOVA and LSD 

mean separation test at 5% level, * = significant differences 

among means within the columns according to the LSD mean 

separation test at 5% level. 

Since none of the foliar calcium treat 

ments increased fruit flesh calcium con 

centration, no clear relationship could be 

established between fruit calcium con 

centration and fruit flesh firmness at har 

vest or after storage. Based on these 

data, we cannot draw any conclusion 

about the role of fruit calcium content on 

peach and nectarine quality and storage 

potential. A study done on the East Coast 

reported high fruit calcium concentra 

tions in 'Jerseyland' peach after several 

foliar sprays during the growing season 

(4, 5). A delay of fruit softening and im 

provement of texture of 'Cresthaven' 

peach following in-season calcium spray 

treatments was also reported in New Jer 

sey (5) but calcium concentrations of 

these fruit were not reported. 

Our data indicate that in-season multi 

ple foliar calcium sprays were not effec 

tive in increasing calcium concentration 

of peach and nectarine fruit. Nor were 

these foliar calcium sprays, applied 

every 14 days, starting two weeks after 

full bloom and continuing until one week 

before harvest, helpful in reducing sur 

face discoloration incidence or in main 

taining quality on the peach/nectarine 

cultivars studied. Work in progress by the 

same group (5) suggests that different 

calcium formulations applied at higher 

concentrations may improve calcium up 

take without inducing phytotoxicity by 

peach and nectarine grown under Cali 

fornia conditions. 

Based on these work data, we can not 

recommend the application of these calci 

um formulations as a method of reducing 

surface discoloration disorder or maintain 

ing peach quality. 
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