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Fruit Quality from Micropropagated Apple 

(Malus domestica Borkh.) Trees vs. Fruit from 

Trees on Seedling and M 7a Rootstocks 
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Abstract 

'Golden Delicious' and 'Spartan' apples from 
micropropagated trees and scions on seedling 
and M.7A rootstocks were evaluated for three 
seasons, at harvest, and after 120 days of storage 
(1°C) for quality. Ethylene production indicated 
that apples from the three rootstocks matured 
at approximately the same rate and could be 
harvested in the same time period. Apple quality 
was similar among the three types of rootstocks, 
and no particular quality advantage was appar 
ent for firmness, soluble solids concentration, 
titratable acidity, carbohydrates or mineral con 
tent. Fruit from micropropagated 'Golden Deli 
cious' trees were more yellow at harvest than 
fruit from other rootstocks, but this difference 
did not exist after storage. 

Introduction 

The commercial use of micropropa 
gated (MP) apple trees has not become 
a reality for several reasons. Research 

ers have found that MP apple trees 
may be poorly anchored (9, 10, 15), 
have delayed flowering and/or fruit 
production (5, 9,16), produce trees of 
the same size or larger than trees on 
seedling roots, and may be inferior in 
yield efficiency than trees on clonal 
stocks (9,10,16). Few if any published 

reports address fruit maturity and qual 
ity as associated with MP apple trees. 

The influence of clonal and seedling 
rootstocks on fruit quality and storage, 
has been demonstrated (1, 2, 3, 4, 6, 
8). These studies on fruit quality have 
indicated that rootstocks can influence 
size, firmness, color, soluble solids con 
tent, carbohydrate and mineral con 
centration, maturity and ripening, stor 

age quality and respiration rate of the 
fruit oefore and during storage. This 
study was initiated to compare fruit 

quality of MP trees with fruit from 
trees on seedling and M.7A rootstocks. 

Materials and Methods 

Micropropagated 'Golden Delicious' 
and 'Spartan' apple trees and trees of 
the same cultivars budded on domestic 
seedling or M.7A rootstocks were 

planted in 1984 at the Washington 
State University, Royal Slope Research 
Unit, near Othello, Washington. Trees 
were planted in a north south orienta 
tion in a randomized complete block 
design with four blocks, each block 

containing a 3-tree replicate of each 
scion/rootstock combination. Trees 

were planted in a fine loamy sand in a 
triple row configuration at a spacing 

of 3.7 x 3.7 m within rows and a 7.3 m 
between sets of triple rows. Trees 
were trained to a central leader and 
were uniformly pruned. Overhead 
sprinkler irrigation was used, and trees 

were fertilized uniformly on a per 
hectare basis with under tree soil appli 
cations of ammonium nitrate or foliar 

sprays of 20-20-20 containing B (0.02%) 

and Zn (0.15$) as needed to maintain 

tree vigor. Grass sod was maintained 
between rows. Chemical and hand 
thinning practices were used annually 
to maintain fruit size and minimize 
alternate bearing. 

For each 3-tree plot, two trees with 

a uniform crop load from each block 

were selected for sampling in 1989, 
1991 and again in 1992. Sixty fruit of 
uniform size (per cultivar per rootstock 

per block) were harvested at estimated 
commercial maturity. Twenty fruit 
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were used for each quality evaluation, 

at harvest (0 days) and again after 120 

days in storage (1 C). At harvest, 10 

fruit were evaluated immediately for 
quality and 10 fruit were monitored 
for evolved ethylene in a flow-through 
system (7). After storage (120 days), 

10 fruit were immediately evaluated 
for quality and 10 fruit were evaluated 
after 8 days at 20 C for shelf-life 
quality. Quality factors evaluated were 
elemental analysis of fruit flesh, carbo 
hydrates, external and internal color, 
firmness, soluble solids content (SSC), 
titratable acidity, starch index, ethylene 

and visual disorders. 

Elemental analysis of plant tissue 
(exclusive of nitrogen) was determined 
using a Thermo Jarrell Ash, Smith-

Nieftize 8000 Atomic Absorption spec-
tophotometer. Nitrogen was deter 

mined with an LECD Model FP-228 

nitrogen analyzer. Carbohydrates were 

determined by the high performance 

liquid chromatography method de 
scribed by Bio-Rad (Bio-Rad, Rich 
mond, CA). External color was deter 
mined with an Agtron Model E-5W 

reflectance spectrophotometer. The 
average values of 10 fruit were re 
ported for external color. Firmness 
was determined using a Lake City 
Pressure Tester, Model EP1 (Kelowna, 
B.C.) equipped with a 1.1 cm probe. 

Titratable acidity (TA) was determined 
with a Radiometer titrator, Model 

TTT85 (Radiometer, Copenhagen). 

Acids were titrated to 8.2 with 0.1 N 

NaOH and expressed as percent malic 
acid. Soluble solids concentration 
(SSC) was measured with an Abbe-

type refractometer, calibrated at 20 C. 
Starch index was determined on a 
scale of 1 to 6 (1 = all starch; 6 = no 

starch). 

Analysis of variance (ANOVA) was 
determined by MSTAT (12) as a fac 
torial experiment with rootstock (three 

levels), and storage (two levels). Each 

cultivar was analyzed separately. Years 
were combined for data analysis. No 
consistent interactions were evident 

and thus not addressed. Based on a 

significant F test, means were separ 

ated by Tukey's HSDT 

Results 
Maturity at harvest was not affected 

by rootstock. Starch values for both 

cultivars were approximately 3.0 to 
3.6 on a scale of 1 to 6. Regardless of 

rootstock, the initiation of ethylene 

production for 'Golden Delicious' 

apples was in the same time period, 
and the fruit from the 3 rootstocks 

would be considered of like maturity 
(data not shown). 'Spartan' apples from 
MP trees initiated ethylene production 

5 days earlier than fruit from M.7A 

rootstocks, but all other maturity indi 
cators suggested a similar maturity for 
'Spartan' apples regardless of the root-
stock. 

Firmness is a major consideration in 

the evaluation of apple fruit quality. 

In this study there was little difference 
in fruit firmness that would be con 
sidered of commercial interest. 'Golden 
Delicious' fruit grown on M.7A root 
stocks were firmer (1.8 N) than fruit 

grown on seedling (Table 1). A firm 

ness difference of 2.2 N or more is 

generally required for the difference 

in apple fruit firmness to be of com 

mercial significance (13). There was 

no firmness difference between 'Golden 

Delicious' fruit from M.7A and MP, or 

MP and seedling rootstocks. Firmness 

of 'Spartan' apple fruit was similar 

regardless of rootstock (Table 2). 

During 120 days of refrigerated stor 
age, apple firmness declined 21% for 

'Golden Delicious' fruit (Table 1) and 

32$ for 'Spartan' apple fruit (Table 2). 

This decline in firmness during storage 

would limit the sale of 'Spartan' apples 

if a minimum firmness of 53.4 N was 

required as in the case of 'Golden 

Delicious' apples (14). There was no 

consistent interaction between root-

stock and storage and the fruit from 

the three rootstocks lost firmness at a 

similar rate. 



Table 1. Fruit quality at harvest and after storage for "Golden Delicious' apples on three rootstocks. 

'Means separation within cultivar and among rootstocks or between storage times by Tukey's Honestly Significant Difference Test (P = 0.05). 

'Golden Delicious' apples from MP 

trees were more yellow (higher E-5W 

values) at harvest than apple fruit 
from either seedling or M.7A rootstock 
trees (Table 1). This difference in color 

was very evident visually and apples 

from micropropagated trees would 
be considered earlier ripening if color 
were the only factor used to assess 
maturity. Color of 'Spartan' apples 

was not influenced by the rootstock 
(Table 2). Based on subjective observa 
tions, 'Spartan' apples appeared to 
have more red color when grown on 
either seedling or M.7A than fruit from 
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MP trees, but objective, E-5W color 
measurements detected too much vari 
ation to allow ANOVA to discriminate 

among rootstocks. 

Both 'Golden Delicious' and 'Spartan' 

apples developed additional color dur 

ing storage. This increase in color for 
'Golden Delicious' apples was almost 
10 E-5W units and was very distinct 

visually. Color increase, during storage, 
for 'Spartan' apples was only 3 E-5W 
units, but this increase was also ap 
parent visually. There was no differ 
ence in color development during stor 

age due to rootstock for either 'Golden 
Delicious' or 'Spartan' apples. 

Rootstocks had no influence on the 
SSC of either 'Golden Delicious' (Table 
1) or 'Spartan' (Table 2) apples. There 

were differences in titratable acidity 
of apples due to rootstocks, but these 

differences were not consistent be 
tween the 2 cultivars. 'Golden Deli 
cious' apples from MP trees had the 
lowest acid content (Table 1), but 
'Spartan' apples from MP trees had 
the highest acid content (Table 2). The 
reverse was true for acid content of 
apples grown on M.7A. Acidity of 
apples grown on seedling rootstocks 

was intermediate between apples from 
MP trees and trees on M.7A rootstocks. 

Regardless of cultivar, rootstocks had 
no significant influence on individual 

carbohydrates except for glucose in 
'Golden Delicious' apples (Table 1). 
MP 'Golden Delicious' apples contained 
112! more glucose than apples from 

either seedling or M.7A rootstocks. MP 
'Golden Delicious' apples contained 
more glucose than fruit from trees on 
other rootstocks, but they contained 

similar amounts of sucrose, fructose, 
sorbitol and total carbohydrates as 
apples from seedling and M.7A root 
stocks. Similar total carbohydrates be 
tween the 3 rootstocks agrees with the 

SSC data. No difference in carbohy 
drates for 'Spartan' apples due to root-

stock was evident (Table 2). 
'Golden Delicious' and 'Spartan' dis 

played increased carbohydrates during 

storage (Tables 1 and 2). During 120 
days of storage sucrose increased 10.5$ 
in Golden Delicious' and 9.5$ in 'Spar 

tan' apples. The increase in fructose 
was smaller during storage (6.3 and 

3.6$, respectively) but was significant. 

Glucose did not change during storage 
for 'Golden Delicious', but increased 

41$ for 'Spartan.' Sorbitol increased 
during storage was also significant, with 
a 20$ increase in 'Golden Delicious' 
and a 36$ increase for 'Spartan.' In 
creases in total carbohydrates were not 

as large (5.7 and 10.5$), but were sig 

nificant. Increases in soluble solids 
concentration for 'Golden Delicious' 

and 'Spartan' apples were larger but 

were consistent with the increases in 

total carbohydrates. 

MP 'Golden Delicious' apples con 

tained generally less Ca and more Mg, 
K, Cu and N than apples from either 
seedling or M.7A rootstock (Table 1). 

Mn and Fe content of 'Golden Deli 
cious' apples was not influenced by 
rootstock. The mineral content of 

'Golden Delicious' apples grown on 
seedling or M.7A was similar, except 

in the case of K. Apples grown on 
M.7A rootstock had a lower K content. 

The N:Ca ratio was highest in MP 
'Golden Delicious, but was similar be 

tween apples from seedling and M.7A 

rootstocks. 

MP 'Spartan' apples contained more 

Ca, Mn and Cu than apples from either 
seedling or M.7A rootstocks and more 
Ca and Fe than seedling rootstock 

(Table 2). Although high in Mg and 
Fe, MP apples had Mg values similar 
to apples from seedling trees and Fe 

values similar to apples from trees on 

M.7A rootstocks. K and N values for 

'Spartan' apples were not affected by 
rootstock. There were no differences 
in the N:Ca ratio among rootstocks 
for 'Spartan' apples. 

During storage, increases in Ca, Mn, 

Fe and Cu occurred in both 'Golden 
Delicious' and 'Spartan' apples. The K 
and Mg content of 'Golden Delicious' 
apples decreased slightly. N content 
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of both 'Golden Delicious' and 'Spartan' 
apples decreased significantly (> 25%). 
Differences in mineral content during 
storage were probably related to the 
natural shift in mineral content from 
one region of the fruit to another. In 

this study the mineral content of only 

the flesh was determined. 

Discussion 

All of the fruit from the different 
rootstocks produced detectable eth-
ylene in approximately the same time 
period. In addition, starch content and 

soluble solids were similar. There is no 
single apple maturity indicator, but 

the onset of detectable ethylene pro 
duction can be used along with de 
creased starch, firmness and acids and 

increased soluble solids (13). The 3 
rootstocks used in this study had little 
influence on ethylene, starch and solu 
ble solids and produced only slight 
differences in firmness and acids. These 
results confirm that apples from trees 

grown on these 3 rootstocks can be 
harvested at the same time. 

Regardless of cultivar, apple quality 
was comparable among the 3 root 

stocks. When all the quality parameters 

were considered, no particular advan 
tage was present for any rootstock. 

Quality advantages for apples due to 
different rootstocks have been reported 

(1, 2, 3, 6, 8), but in this study little 
difference was evident except for color. 
If color were a market consideration, 
the more yellow MP 'Golden Delicious' 
apples might be preferred for markets 
favoring yellow fruit, while the green 
fruit from seedling or M.7A would be 
more suitable for markets favoring 
such fruit. This difference in green 
color was not due to the N content of 

the fruit. It has been reported (11) that 
high N levels enhance greenness of 
apples. In our study, apples with higher 
N (MP) had less green color. Consider 

ing the reported cultural problems 
associated with MP trees (9, 10), 
coupled with no quality advantages, 
there is little reason to use MP trees 

for apple production. 
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