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Postharvest Quality of 'Virginia Gold' Apple Fruit 

Osler C. Kamath, Mosbah M. KushadJ'2 and John A. Barden1 

Abstract 

'Virginia Gold' (Malus domestica Borkh.) is 

cross between 'Golden Delicious' and 'Yellow 
Newtown' (Albamarle Pippin). 'Virginia Gold' 
fruit matures approximately 160 days from full 

bloom and, unlike 'Golden Delicious' fruit, it is 

not susceptible to russett except in the stem 

cavity. At maturity, soluble solids concentration 
(SS) is lower, while flesh firmness and starch 

index are similar to 'Golden Delicious.' In addi 

tion, titratable acidity (TA) and TA/SS ratio are 

higher in 'Virginia Gold' than in 'Golden Deli 

cious.' 'Virginia Gold' fruit stored in a commer 

cial controlled atmosphere storage were firmer 

than fruit held at regular cold storage, and the 

fruit did not shrivel even when stored for up to 
8 months without polyethylene box liners. 

'Virginia Gold' fruit is susceptible to soft 

scald (ribbon scald) when stored at low tem 

perature. In 1988 and in 1990,37$ and 46$ of the 

fruit developed soft scald when stored at -1.1°C, 
respectively. Soft scald was eliminated by stor 

ing the fruit at 2.2°C or by controlled atmosphere 
storage and was significantly reduced by dipping 

the fruit postharvest in a combination of diphe-

nylamine and ethoxyquin. 
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Introduction 

'Virginia Gold' is a cross between 

'Golden Delicious' and 'Yellow New-

town' ('Albamarle Pippin') developed 
by Dr. G. D. Oberle and officially 

released in 1973 by the Virginia Poly 

technic Institute, and State University 
Agricultural Experiment Station. Sev 

eral growers in Virginia and West 

Virginia are interested in this cultivar 

for its desirable and distinct charac 
teristics. 

The tree of 'Virginia Gold' is mod 
erately vigorous with a tendency to 
ward alternate bearing unless properly 

thinned. Its pollen is viable and has 
produced good fruit set on other 
cultivars. In Blacksburg, Virginia the 
fruit matures uniformly at about the 

same time as 'Rome Beauty' or about 

155-160 days from full bloom. Further 

more, fruit drop at maturity in this 
cultivar is not a serious problem. 

Fruit color is bright golden-yellow 

with a finish that is superior to 'Golden 

Delicious' because russetting is seldom 

a problem except in the stem cavity. 

Compared to 'Golden Delicious,' the 
fruit skin is very waxy and the fruit 

does not shrivel as easily. The fruit 
diameter is approximately 1-3 cm 
larger than 'Golden Delicious' and the 

flavor resembles 'Yellow Newtown' 

with a suggestion of 'Golden Delicious' 

aroma. To date there has been no 

evaluation of the postharvest quality 
of this cultivar. 

'Virginia Gold' is susceptible to soft 

scald. Soft scald is also called ribbon 
scald or deep scald (6) is distinctly 

different from superficial scald. It is 
identified by a sharp, ribbon-like 
brown discoloration of the skin; the 

exact cause of the disorder is not 

known. It is more severe in overmature 
fruit and in fruit that are placed in 

cold storage when their respiratory 
rate is high (6). Soft scald develops 

very rapidly during the first 3 months 

in storage, especially when the fruit 

are not cooled immediately. Our ob 

jective in this study was to evaluate 

the maturity and storage characteristics 
of 'Virginia Gold' fruit. 

Materials and Methods 

Six twelve-year old 'Virginia Gold' 

trees located at the Virginia Polytechnic 

Institute and State University farm in 

Blackburg, VA were selected for this 
study. The trees were grafted on 

MM.Ill rootstock and spaced at 5.4 x 

6 m. 'Virginia Gold' fruit maturity was 

compared to fruit harvested from six 
fifteen-year old 'Sundale Spur Golden 
Delicious' on MM.Ill growing at the 
same location. Pest control and thin 

ning were applied according to a 

commercial spray program developed 

by the Virginia and West Virginia Co 
operative Extension Services. 

Fruit maturity. In 1988 and 1990 

'Virginia Gold' fruit were harvested 
on 9 October and 10 October and 

'Golden Delicious' were harvested on 

22 September and 24 September, 

respectively at mid-morning. A sample 
of 10 uniform fruit were collected 
from the outer canopy of each tree 
per cultivar and brought to the labora 

tory for immediate testing. Flesh firm 
ness was measured on a pared fruit 

surface (two measurements per fruit) 
with an Effigi penetrometer fitted with 

an 11.1 mm plunger. Soluble solids 

concentration (SS) was determined 

with a hand refractometer (Atago N-

1). Titratable acidity (TA) was deter 

mined by titrating a 10 ml juice sample 

with a 0.1 N NaOH to pH 8.1 and 

expressed as mg of malic acid-equiv 
alent per ml of juice. The SS and TA 
were determined on a pooled juice 

sample from the 10 fruit per tree. 
Starch level was evaluated according 

to the Ontario scale for 'Golden De 

licious' (8). The distal-half of each 
fruit was clipped in an iodine solution 
for 15 seconds and rated on a 1 to 9 
index in which the starch concentration 

is inversely proportional to the index 

number. Ethylene production rate was 

determined by placing a 5 fruit sub-

sample from each tree in a sealed 4-
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liter glass jar for 1 h. A 1 ml air sample 

was withdrawn from each jar and 

injected into a HitachiR gas chromato-
graph fitted with an activated alumina 

column and flame ionization detector. 

Effect of storage type and scald inhibi 
tors on 'Virginia Cold' fruit quality. 

Two 50-fruit samples were harvested 
from each of six 'Virginia Gold' trees 

on 9 October, 1988. One sample was 

stored at 0°C; the other sample was 

stored in commercial CA storage. The 

CA room was maintained at 2.5% O2, 

2% CO2, and 0°C. Relative humidity in 

both the regular and the CA rooms 

was maintained at approximately 90%. 

Following 150 d in storage, one half of 

each sample was evaluated for firm 

ness, SS, ethylene, and TA. Similar 

measurements were made on the 

remaining fruit from each sample after 

7 days at room temperature. Fruit 

kept at room temperature was also 

evaluated from soft scald, superficial 

scald, breakdown, and bitter pit. 

For the scald inhibition study, two 

samples of 50 'Virginia Gold* fruits 

were harvested on 9 October, 1988 

from each of the same six trees de 

scribed above. One sample per tree 

was dipped for 20 seconds in a mixture 

of 2 g/1 diphenylamine (DPA) and 2.7 

g/16-ethoxy-l, dihydro-2,2,4-trimethyl 

quinoline (ethoxyquin) (6) and the 

other sample was not treated. Apple 

samples were stored in 0°C air storage 

for 150 d and were then evaluated for 

superficial scald, soft scald, breakdown, 

and bitter pit. 

Effect of storage temperature on soft 
scald development. In 1990 a study 

was conducted to determine the effect 

of storage temperature on soft scald 
development. Four samples of 80-fruit 

per tree were harvested on 10 October. 

Fruit were stored in wooden crates at 

either -1.1, 0, 1.1, or 2.2°C fruit-core 

temperature for 145 days. Fruit-core 
temperature was monitored in each 

room by inserting a fruit thermometer 

into the flesh of a single fruit to a 

depth of about 2 cm. Storage tempera 

tures were adjusted twice each day as 

needed. Following storage fruit were 

evaluated for soft scald, superficial 

scald, firmness, and SS as described 

previously. Data were analyzed by 

ANOVA, Duncans multiple range test, 

LDS, and/or regression. Percentages 

data were transformed by arcsin square 

root prior to statistical analysis. 

Results and Discussion 

'Virginia Gold* fruit were harvested 
when the starch-iodine test reading 

was about 3.0 using the Ontario 'Golden 

Delicious* starch index of 1 to 9 (8). 

The number of days from full bloom 

to maturity in 1988 and 1990 were 

about 158 d and 162 d for 'Virginia 

Gold* and 151 and 153 for 'Golden 

Delicious/ respectively. At harvest 

'Virginia Gold' and 'Golden Delicious* 

fruit firmness were very similar at 

approximately 70 N (Table 1). The 
most noticeable differences in maturity 

parameters between 'Virginia Gold' 

and 'Golden Delicious' were in SS and 

TA. 'Virginia Gold' fruit had higher 

Table 1. Comparison of "Virginia Gold' and "Golden Delicious' apple fruit 

maturity parameters.2 

zMean separation within year by LSD test, P = 0.05. 

SS = Soluble Solids, TA = Titratable Acidity. Starch index is based on a scale of 1-9 in which starch concentration is inversely 

proportioned to the starch index. 
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60 90 120 

Days in storage 

Figure 1. Regression of fruit firmness (FF) and 
titratable acidity (TA) of Virginia Cold' apple 
on days in storage. Regression equations are: 
for FF, Y = 68.5 - 0.15X and R2 = O.8O00 for 
TA, Y = 7.0 - 0.03X and R2 = 0.79* •. Data 
points are the means of 10 fruit per sampling 
date. Regression equations and R2 values 
were calculated from the data within each 

TA and lower SS than 'Golden Deli 

cious/ The TA to SS ratio for 'Virginia 
Gold' in 1988 and 1990 were 0.56 to 
0.58, respectively, while 'Golden Deli 
cious' had ratios of 0.41 and 0.38. The 

fruit of 'Virginia Gold' tasted slightly 
tarter and less sweet than 'Golden 

Delicious' fruit. There was no cultivar 
by harvest date interaction for all the 

maturity parameters tested, which 

suggests that maturity was similar in 
both seasons. 

Fruit firmness declined with days in 

cold storage (-1.1°C) at a linear rate 

(R2 = 0.80, Fig. 1). The softening rate 
of 'Virginia Gold' fruit in storage was 

approximately 0.15 N/day, which was 

considerably less than 'Golden Deli 

cious' fruit, which softened at a rate of 
0.27 N/day (data not included). After 

150 d storage 'Virginia Gold' fruit were 
firmer when stored in CA than when 

stored at -1.1°C air storage (Table 2). 
The difference in firmness between 
CA and air stored fruit was even 

greater after the fruit were held at 

room temperature for 7 days (Table 2). 

Unlike 'Golden Delicious' fruit which 
are commercially stored in polyethyl 

ene box liners to reduce shriveling, 
'Virginia Gold' fruit shriveled little 
even when stored for up to 8 months; 

this is possibly due to the presence of 
a heavy wax layer on the skin surface 
of the fruit. 

TA declined from 6.9 at harvest to 
2.5 mg malate/ml juice after 4 months 

in regular cold storage (Fig. 1). The 

decline was linear with R2 = 0.79 (Fig. 
1). Liu and Samelson (5) showed a 
similar decline in TA during storage 
of 'Mclntosh' apples. A positive cor 
relation (R2 = 0.74) was observed 
between TA and fruit firmness (data 
not shown). 

Similar to 'Golden Delicious' (2), 

soluble solids in 'Virginia Gold' fruit 
remained relatively unchanged during 
cold storage and was not affected by 
storage type (Table 2). Ethylene was 
not detectable before harvest and 
during the first 12 days after harvest 
(data not shown). The lack of rise in 

ethylene synthesis immediately after 

Table 2. Effect of controlled atmosphere storage on postharvest quality in 
'Virginia Gold' fruit. 

Storage type? 

Firmness 

(N) 

SS TA 

(mg malate/ml juice) 
Ethylene 

(ul/kg/h) 

zMean separation within column by Duncan's multiple range test, P = 0.05. 

>Truit were stored for 150 days. 7 DRT = fruit held at room temperature for 7 days prior to measurements. 

SS = Soluble Solids, TA = Titratable Acidity. 
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-1.1 0.0 1.1 2.2 

Storage temperature (C) 

Figure 2. Regression of percent soft scald (SSc) 

and flesh Firmness (FF) of 'Virginia Gold' 
apple on storage temperature. Regression 
equations are: for SSc, Y = 0.31 - 0.14X and 

R2 = 0.80° • and for FF, Y = 55.6 - 2.3X + 

0.4X8 and R2 = 0.24. Data points are the 

means at each storage temperature. Percent 
SSc transformed by the arcsin square root 
prior to regression analysis. Regression and 

R2 were calculated from data within each mean. 

harvest agrees with recent data on 

'Granny Smith' (3). Ethylene produc 

tion started to increase 30 days after 

harvest and reached its climacteric 

peak after 90 days in storage. A 

noticeable increase in ethylene pro 
duction occurred several days follow 
ing the onset of starch breakdown and 

a decline fruit firmness. These results 
are in agreement with the findings of 

Blankenship and Unrath (1), who 

suggested that ethylene production rate 

cannot be used as an indicator of 

maturity in certain apple cultivars. 

In 1988, 37« of the fruit developed 
soft scald after 120 d storage at -1.1°C. 

There are some suggestions that soft 
scald is a disorder related to chilling-

injury (6, 9); however, to our knowl 

edge there had been no data published 
to support this suggestion. To deter 

mine the effect of storage temperature 
on soft scald, in 1990 mature 'Virginia 
Gold' fruit were stored at fruit-core 
temperatures of -1.1,0,1.1, and 2.2°C. 

Soft scald declined linearly with the 

increase in storage temperature (R2 = 
0.80, Fig. 2). Fruit held for 120 days at 

-1.1°C had 45$ soft scald while fruit 
held at 2.2°C had 0% soft scald. The 
severity of soft scald was enhanced in 
the flesh but not in the skin when the 
fruit was kept at room temperature 
for 7 days. Fruit firmness declined 
with an increasing storage temperature 
in a quadratic manner (R2 = 0.24, Fig. 
2). Likewise, fruit stored at 2.2°C had 

a slight but not significant increase in 

rots (data not shown). 

Soft scald was eliminated by storing 

the fruit in controlled atmosphere 
storage and was reduced by dipping 
the fruit in a commercial formulation 

of diphenylamine and ethoxyquin 
(Table 3). Porritt and Meheriuk (6) 

reported that the disorder can be 

prevented by subjecting the fruit to 

20-30$ CO2 for 2 days during the 

beginning of storage. Warming the 
fruit to 38-42°C for 8-12 h before cold 

storage was also reported to reduce 

soft scald (6). From this and other it 
appears that soft scald is a chilling 
injury related disorder. 

'Virginia Gold' is also susceptible to 
superficial scald, which is character 
ized by a brown discoloration of the 

hypodermal cells during storage; its 
causes and remedies have been the 
subject of a recent review (4). The 

Table 3. Effect of scald inhibitors and controlled atmosphere storage (CA) on 
percent incidence of physiological disorders in "Virginia Gold'.2^ 

zData transformed by arcsin square root prior to statistical analysis. Pretransformation values are shown. 

VFruit were stored for 150 days and evaluated after 7 days at room temperature. 

xMean separation within column by Duncan's multiple range test, P = 0.05. 
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disorder is effectively controlled by 

dipping the susceptible cultivars in a 

mixture of DPA and ethoxyquin (7). 

However 'Golden Delicious/ one of 

the parents of 'Virginia Gold/ develops 
bluish coloration of the skin when 

treated with DPA; therefore only 

ethoxyquin is recommended commer 

cially on 'Golden Delicious' to control 

scald (6). In this study, treatment of 
'Virginia Gold* fruit with a combination 

of DPA and ethoxyquin did not cause 

any visible skin injury. Furthermore, 

percent superficial scald, bitter pit, 

and internal breakdown were very 

low in 'Virginia Gold' immediately 

after storage (data not shown) and 

after 150 days cold storage plus 7 days 

at room temperature (Table 3). 

In conclusion, 'Virginia Gold' is an 

attractive 'Golden Delicious' like apple 

cultivar. It is resistant to russetting and 

its skin finish and storage performance 

are superior to 'Golden Delicious/ The 

fruit does not shrivel in storage as 

easily as 'Golden Delicious' and there 

fore does not require polyethylene 

box liner to reduce moisture loss. Soft 

scald can be a serious problem in 

'Virginia Gold' fruit, especially when 

they are stored at below 0°C. Storing 

the fruit under CA, at temperatures 

above 0°C, and treatment with scald 

inhibitors can effectively reduce this 

disorder. 
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Rapid Production of O.3 Rootstock 

Cuttings derived from tissue-cultured O.3 rootstock rooted well (94$) and 

the rooting effect persisted in cutting stem tissue cultured rootstocks grown for 

1 year in the field. The growth rate of tissue cultured rootstocks exceeded that 
of cuttings and growth rate of both types was increased by added P and N to 

the nutrient solution. Trees on tissue-cultured rootstocks had more branches 

than those on cutting-derived rootstocks and the higher level of N. From 

Hogue and Neilsen. 1991. HortScience 26:1416-1419. 

Erratum 

In the paper by Esmaeil Fallahi in Fruit Varieties Journal 46(l):44-48 in 

Table 2 on page 47 the leaf mineral nutrient concentration for rootstock SWI 

should be as follows: 


