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Leaf Elemental Concentrations as Influenced by 

Growth Habit and Strains of 'Delicious' Apples 

Esmaeil Fallahi,1 Brenda R. Simons,2 and Dale O. Wilson, Jr.3 

Abstract 
Leaf elemental concentrations and leaf fresh 

and dry weights and their relationship with 
yield efficiency in twenty-eight strains of 'Deli 
cious* apple (Malus domestica Borkh.) with two 
types of growth habit (spur and standard) were 
evaluated over two years. Cluster analysis of 
leaf elemental concentrations divided strains 
into groups approximately corresponding to 
growth habit. 'Starkspur Ultrared' and 'Wellspm; 
which are classified as spur types, tended to 
group with the standard type strains on the 
basis of elemental concentration. Strains with a 
spur type growth habit had more fluctuation in 
yield from year to year and had higher leaf 
fresh and dry weights, leaf Ca, Mg, Zn, Mn, and 
Cu, but lower leaf K than standard type strains. 
'Early Red One,' 'Starkspur Supreme, Starkspur 
Ultrared,' and 'Redchier had higher concentra 
tions of leaf N, while 'Aomori,' 'Apex,' 'Classic 
Red,' Improved Ryan Sputf and 'Red King 
Oregon Spur' had lower leaf N than many other 
strains. 'Aomori' had a higher leaf K ana lower 
leaf Ca, but 'Hardi-Brite Spur' had lower K and 
higher leaf Ca than other strains. 'Imperial' and 
'Improved Ryanred' were among strains with 
high leaf Fe and 'Improved Ryan Spur' and 
'Ace' had low Fe. 'Silyerspur' had the highest 
leaf Zn and Mn, making it desirable for areas 
with deficiencies of these elements. 'Spured 
Royal' had a higher concentration of leaf Cu 
than most other strains. 

Introduction 

The original 'Delicious' apple was 

discovered in 1879. Todav, there are 
over 100 strains (13) ana 'Delicious* 
constitutes 372? of the apples grown in 
the world (3). It is also the major 
apple cultivar grown in Idaho (15). 

Delicious' strains are mainly selected 
for growth habit (spur or standard 
type), yield, fruit color and fruit shape 
(4,5,9,13,14,16,19,20,21,25,27,28, 

29). Warrington et al. (26) reported 
that spur type strains had higher spur 

densities (spur/meter of branch), spur 
leaf number, leaf area per spur, area 
per leaf, and terminal bud diameters 
than standard type strains. They also 
found a positive correlation between 
spur density and yield efficiency. Pro 
ductivity or'Delicious' strains has been 
reported in Alabama (6), Idaho (9), 
Ohio (11,12), Michigan (26), Washing 
ton, (20), and West Virginia (2, 26). 
'Starking' had the largest trunk cross-
sectional area in Idaho (9), Oregon 

(28) and Michigan (26). Lord et al. 
(21), in a study of nine 'Delicious' 
strains, reported that cumulative yields 
per tree of most standard strains were 
higher than those of spur strains. 
The effect of major apple cultivars 

on leaf elemental concentration has 

been reported by several researchers 
(1, 7, 24). Emmert (7) reported that 
'Delicious' apple had higher leaf N, P, 
K, and Mg than 'Mclntosh' or 'Cort-
land.' Awad and Kenworthy (1) found 
that leaf N and B were higher in 
'Delicious' than in 'Jonathan,' 'Mclntosh,' 

and 'Northern Spy' apple. 
Very few researchers have studied 

the elemental status of various 'Deli 
cious' strains. Westwood et al. (28) 
compared four sports of 'Delicious' 
apple for their growth and leaf ele 
mental concentrations and reported 
that 'Starking' had less leaf N than 

'Chelan Red,' 'Starkrimson,' and 'Idaho 
Spun In their report, leaf P, K, Mg, B, 
Mn, and Zn were similar in all strains. 

Westwood and Zielinski (30) found 
that 'Starkrimson' had higher leaf N 
and chlorophyll than 'Starking' with 
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other elements showing no significant 
differences. 

In spite of the importance of 'De 
licious apple, no comprehensive in 
formation is available concerning 
effects of spur vs. standard growth 
habit on mineral content. Our objec 
tive was to measure the leaf fresh and 
dry weights and elemental concentra 
tions of twenty-eight strains of 'De 
licious' with spur and standard growth 

habits and to investigate relationships 
between elemental concentrations and 
yield efficiency. 

Materials and Methods 

Twenty-eight strains of 'Delicious' 

on M.7 rootstock were planted at the 
University of Idaho Parma Research 
and Extension Center in 1980. Tree 

spacing was 3.6 x 6.1 m. Trees were 

trained as a modified central leader 

and pruned in late February every 
year. The orchard was irrigated with 
an under tree sprinkler system every 

10 days during the growing season 

and weeds were controlled chemically. 
Fruit were thinned chemically with 

carbaryl (Sevin 50 WP) at the rates of 

150-300 ppm, 15-20 days after full 

bloom. Fruit were also hand thinned 
in early June if needed. Nitrogen (urea, 

46? N) was applied annually in early 
spring at the rates of 45 to 318 g actual 

N per tree, depending on the age of 
the trees. Zinc-50 (50« Zn, 4.5$ S, 

derived from ZnSQi) was sprayed 
annually at late dormant stage at the 

rate of 22.4 kg/ha. No other macro or 
microelements were applied to the 

trees during the course of this experi 
ment to study the growth habit and 
strain effects. Other cultural practices 

were similar to those of commercial 
orchards. 

The experimental design was a ran 

domized complete block design with 

six blocks and single tree replications 
within blocks. Long term effects of 

strains on tree growth, yield and fruit 

quality and storability have been re 
ported elsewhere (9). However, yield 

efficiencies for 1990 and 1991 (yield/ 
trunk cross sectional area (TCSA) in 
1991) and cumulative yield efficiency 
(cumulative yield over 1990 and 1991 
seasons/1991 TCSA) are reported here 
to provide information on tne relation 
ship between various elements and 
yield. Biennial bearing index (BBI) 
was also calculated as: absolute value 
of 1990 minus 1991 yields divided by 
average yield over the 1990-91 seasons. 
Full bloom dates were 12 April 1990 
and 25 April 1991. 

Forty leaves per tree were sampled 
randomly in late August in 1990 and 
1991 from the middle of current-season 
shoots. Leaves were weighed, washed 
in a mild Liqui-nox solution, rinsed 
with distilled water and dried in a 
forced air oven at 65° C to a constant 
weight. 

Leaves were re-weighed after drying 
and the percentage dry weight was 
calculated. Dried leaves were then 
ground to pass a 40-mesh screen. The 

leaf tissue was analyzed for N by a 
Kjeldahl method (23), and for K, Ca, 

Mg, Fe, Zn, Mn, and Cu by dry ashing 

at 500° C, digestion and atomic ab 
sorption spectrophotometry (Perkin-
Elmer 1100 B, Norwalk, Connecticut) 
as described by Jones (17). Mineral 

elements were expressed on a dry 
weight basis. 

Preliminary univariate and multi-

variate analyses of variance were per 
formed on all the responses using the 
SAS General Linear Models procedure 

(22). Year was considered a subplot 

factor and the model included the 
effects Block, Strain, Year, Block x 
Strain, and Strain x Year. Since the 
Strain x Year effect was significant, 

subsequent analyses were conducted 
separately for each year. Relationships 
among the strains were visualized by 
performing average-linkage cluster 
analyses (22) on the standardized leaf 
N, K, Ca, Mg, Fe, Zn, Mn, and Cu. 
Dendrograms were drawn using SAS 

macro. On the basis of the dendro 
grams from cluster analysis, groups of 
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strains were identified, and hypotheses 
formulated about group membership. 
Hypotheses were tested by construct 
ing single-degree-of-freedom compari 

sons in multivariate analyses of vari 
ance of the element concentration data. 

Values over each of the spur or 
strain growth habits were pooled, and 
differences between growth habits 
were tested using the T test. 

Analyses of variance (ANOVA) were 
computed for yield efficiency for 1990, 

1991, and for the cumulative yield 
efficiency over the two years. Analyses 

of variance were also computed for 
leaf fresh and dry weights and leaf 
elemental concentrations for 1990 and 
1991 and for the average of 1990 and 
1991 growing seasons, using SAS (22). 

Least significant differences (LSD) at 

p 0.05 were computed for comparison 

of strains. 

1990 

Results and Discussion 

Multivariate Analysis: Cluster analy 
sis based on 1990 elemental concentra 
tions clearly divided the strains into 
two groups (Fig. 1). Group 1 consists 

of only spur type strains. Group 2 

contains all standard type strains}> plus 
two of the spur types, 'Wellspur' and 
'Starkspur UltrarecT Multivariate anal 

ysis of variance showed that these two 
strains were significantly different from 
other spur types with regard to leaf 
elemental concentrations (p < 0.0001). 

The standard type group, including 

the two atypical spur type strains, was 

significantly different from the main 

spur type group (p < 0.0001). 
When cluster analysis was performed 

on the 1991 leaf elemental concentra 
tions, three groups were discerned 
(Fig. 2). Group 1 consisted, again, of 
only spur tvues. Grouo 2 (the larcre 

Group 1 Group 2 

Figure 1. Dendrogram representing standardized distance between strains in average-linkage 
cluster analysis of leaf N, K, Ca, Mg, Fe, Zn, Mn and Cu concentrations of 28 "Delicious strains in 
1990. 
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group in the center of the dendrogram) 

contained all the standard types, plus 
four of the spur types. As in 1990, 
these included Wellspur' and 'Starkspur 

Ultrared: In 1991, 'Redspur' and 'Stark-
rimson' also fell into group 2 (Fig. 2). 
These four spur type strains with atyp 

ical behavior were significantly differ 
ent from the main group of spur types 
(p < 0.002). Group 3 consisted of 
'Hardi-Brite Spur* (a spur type strain) 
which was clearly separatecl from all 
other strains. Multivariate analysis of 
variance of leaf elemental concentra 
tions also showed 'Hardi-Brite Spur* 

to be different in behavior from all 

other strains jointly considered (p < 
0.0001). The standard-like group, in 

cluding the four atypical spur type 
strains, was again significantly differ 

ent from the main spur type group (p 
< 0.0001). 

'Wellspur' is a limb sport and 'Stark-
spur Ultrared' is a whole tree sport of 
'Starking' (13). Several other strains in 
this^ study also originated from 'Stark 
ing.' The reason for these two spur 
type strains behaving nutritionally like 
standard types is not clear and warrants 
further study. 

Effects Of Growth Habit: Yield (9) 
and yield efficiency of most strains 
were lower in 1991 than those of 1990 
(Tables 1 and 2), because low tem 
peratures in the Pacific Northwest in 
December 1990 and January 1991 

damaged bud and wood tissues. This 
reduction was less severe in strains 
with a standard type growing habit 
than in spur type strains (Tables 1 and 
2). Severity of biennial bearing in spur 

type strains may have also contributed 
to the 1991 yield reduction. Biennial 
bearing indices of 'Apex,' 'Atwood,' 

1991 
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Figure 2. Dendrogram representing standardized distance between strains in average-linkage 
cluster analysis of leaf N, K, Ca, Mg, Fe, Zn, Mn and Cu concentrations of 28 'Delicious strains in 
1991. 
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zElements are expressed on a dry weight basis. 
YMeans within the columns are significant at P < 0.001 if shown by -o°; at P < 0.01 if shown by oe; at P < 0.05 if shown by °; and not significant if shown by NS. 

'Hardispur^ Improved Ryan Spur; 
'Redchief,' 'Reaspur,' 'Silverspur,' 
'Spured Royal,' 'Starkrimson,' and 'Stur-

deespur' all with a spur type growth 
habit, were more drastic than in other 
strains (Table 2). 

Over-all, leaves of strains with a 
spur type growth habit had higher 
fresh weight and dry weight than leaves 
of standard strains in 1991, while per 

centage of dry matter in both types 
was similar in both 1990 and 1991 

(Table 1). 

In general, leaf N in spur type strains 
was higher than that in standard strains 

in 1990 (Table 1). However, there was 
no significant difference in leaf N 
between spur and standard types in 

1991 or in the average value over the 
two seasons (Table 1). 

Regardless of growth habit, leaf N 
levels in the 10 to 11 year-old trees in 

this study were about 302 lower (Tables 
1 and 3) than those reported by West-
wood and Zielinski (30) with 3- to 4 

year-old trees. Leaf N differences be 
tween the 2 reports could in part be 
due to the age differences. 

Over-all, strains with a spur type 

growth habit had lower leaf K and Fe, 

but higher leaf Ca, Mg, Zn, Mn, and 
Cu than standard types (Table 1). 

Effects of Strains on Leaf Weight 
ana Macroelements: Leaf fresh and 
dry weights were highest in 'Ace' 
'Hardi-Brite Spur,' Improved Ryan 
Spw; and 'Red King Oregon Spur'; 

and lowest in 'Atwood,' 'Early Red 
One,' 'Imperial,' 'Improved Ryanred,' 
and 'Rose Red' over 1990 and 1991 
seasons (Table 2). However, fewer dif 
ferences were found among strains in 
their leaf percentage dry matter (Table 
2). Leaves of 'Wellspur' had signifi 
cantly higher average percent dry mat 

8 



Table 2. Yield efficiency, biennial bearing index (BBI) and leaf fresh and dry weights of various strains of 'Delicious' 
apple in 1990 and 1991. 
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ter than those of 'Ace' and 'Starkspur 
Ultrared' (Table 2). No significant dif 
ference was observed between 'Stark-
rimson' and 'Starking' leaf weights 
(Table 2), which differs from an earlier 
report by Westwood and Zielinski (30) 
where 'Starkrimson' had a higher leaf 
dry matter than did 'Starking.' 

Leaf N values in most strains did 

not change substantially between 1990 
and 1991 (Table 3) in spite of the yield 
efficiency differences in these seasons 
(Table 2). Leaf N concentration in 

'Starkrimson' was significantly higher 
than in 'Starking in 1990 (Table 3) 
which agrees with the data of West-
wood and Zielinski (30). 'Early Red 

One,' 'Starkspur Supreme,' 'Starkspur 

Ultrared,' and 'Redchief had higher 
levels of leaf N, while 'Aomori,' 'Apex,' 
'Classic Red,' 'Improved Ryan Spur' 
and 'Red King Oregon Spur' had lower 
leaf N than other strains over both 

seasons (Table 3). High leaf N in 'Early 
Red One' and 'Redchief (Table 3) did 
not adversely affect the fruit color in 
these strains (9), although high leaf N 
and fruit color are often negatively 
correlated (10). Leaf N levels in none 
of the evaluated strains was exceed 
ingly high (higher than 2.0S!) either in 

1990 or 1991, thus did not adversely 
affect the fruit color. 

All of the 16 spur type strains had 
lower leaf K in 1990 than in 1991, and 
13 of these strains were deficient (18) 
for leaf K in 1990 (Table 3). Biennial 

bearing indices of these 13 strains were 
high (Table 2), indicating a high yield 
fluctuation over 1990 and 1991 seasons 
(Table 2), leading to a strong correla 
tion coefficient between leaf K and 
BBI (r = -.34 in 1990 and r = .44 in 

1991). All standard strains had low 

yield fluctuations (Table 2), and thus 
low BBI and sufficient leaf K (18) in 
both 1990 and 1991 seasons (Table 3). 
A higher leaf-fruit competition (8) in 

1990 could have contributed to K de 
ficiency in 1990 (r value between yield 
efficiency and leaf K was -0.48 in 1990 
and -0.49 in 1991). Therefore, fluctua 

tion of leaf elements, particularly leaf 
K, as a result of yield variation must 

be taken into account for interpreting 
results of leaf analysis before any rec 
ommendation is made for K fertilizer 

application. 

'Starkspur Ultrared' and 'Wellspm; 
two of the spur type strains that ap 
peared among the standard type strains 
in the cluster analysis (Figs. 1 and 2), 
were behaving like standard type 
strains, showing low BBI (Table 2) 
and sufficient leaf K (Table 3) in both 
seasons. 

'Redchief' is one of the most com 
monly used strains in the Northwest, 
mainly because of its relatively high 

yield efficiency (smaller trees) (Table 
2), and also good fruit color and typi-
ness. However, leaf K concentrations 
in this strain were low to deficient in 
both 1990 and 1991 (Table 3) when 
compared with standard levels (18) 

and should, therefore, be closely 
monitored. 

'Aomori' had a higher average leaf 
K and lower leaf Ca than most other 
strains, which could be due to its low 

average yield efficiency over the 1990 
and 1991 seasons (Table 2) and/or low 

leaf N (Table 3). 'Hardi-Brite Spur' 
had lower leaf K and higher lear Ca 
than all other strains (Table 3). Leaves 
of this strain had higher average fresh 
weight and dry weight than other 

strains (Table 2). Since Ca is immobile 
in the leaf tissue, a heavier and perhaps 
larger leaf of this strain could have led 
to a higher accumulation of leaf Ca. 

Leaf K had significant positive cor 
relations with fruit soluble solids after 
storage (r = 0.53 in 1990 and r = 0.37 in 

1991). Leaf N was negatively corre 
lated with both fruit soluble solids (r = 
-0.36 in 1990 and r = -0.27 in 1991) and 

leaf K (r = -0.41 in 1990 and 1991). The 
negative correlations between leaf N 
and K, therefore, could be in part 
responsible for the positive correlations 
between leaf K ana fruit soluble solids. 

Leaf Ca levels in most strains were 
higher and yield efficiency lower in 
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1991 than in 1990 (Tables 2 and 3). 

The leaf-to-fruit ratio in 1991 would 

force more partitioning of Ca into the 
leaves. 'Starkrimson' had significantly 

higher leaf Ca than 'Starking' (Table 
3), supporting the observations of 
Westwood andZielinski (30). 

'Hardispur' had higher leaf Mg, and 
' Aomori; August Red,' 'Starking,' and 

'Starkspur UTtrared' had lower Mg 
than most other strains in both 1990 
and 1991 (Table 3). Pooling all strains, 

a significant negative correlation exist 
ed between leaf K and Mg in both 
1990 (r = -0.47) and 1991 (r = -0.31). 

The high leaf K concentration in 

'Aomori could have resulted in an 
antagonistic effect, leading to a low 
leaf Mg in this strain (Table 3). 

Effects of Strains on Leaf Micronu-
trients: Among all leaf micronutrients, 

Fe increased drastically in all strains 
in 1991 compared to 1990 (Table 4), 
although no Fe material was applied 
to these trees in 1990 or 1991. This 

increase could not only be due to the 
yield decrease in 1991, because 
'Aomori;'Hi-Early,' 'Sharp Red; 'Stark-
ing,' and 'Topred, in spite of their low 

BBI also had an increased Leaf Fe 
(Table 2). 

'Imperial' and 'Improved Ryanred' 
were among strains with high leaf Fe 
while 'Improved Ryan Spur and 'Ace' 

had low leaf Fe (Table 4). 

'Silverspur' had higher leaf Zn and 

Mn than most other strains in both 

1990 and 1991 (Table 4). This is a de 
sirable characteristic, as Zn deficiency 
is a common and serious problem in 
apples in the Northwest. 

'Spured Royal' had higher leaf Cu, 
while 'Nured Royal' had lower leaf 
Cu than several strains both in 1990 
and 1991 (Table 4). Since the use of 
copper-based fungicides on apples has 
been limited in the last few years, effi 
ciency of Cu uptake is very important 
and a desirable characteristic for any 
strain. 

Conclusions 
On the basis of leaf elemental con 

centrations, the twenty-eight strains 
could be divided into groups that ap 
proximately coincided with spur and 
standard growth habits. Sporadically, 
certain spur type strains behaved like 

standard cultivars with respect to leaf 
elemental concentration. Two of these, 
'Starkspur Ultrared' and 'Wellspur' be 
haved like standard types both years. 

Over-all, leaves of strains with a 
spur type growth habit had higher 

fresh weight and dry weight than leaves 
of standard strains, while percentage 
of dry matter in both types was similar. 
Leaf N in spur type strains was higher 
than that in standard type strains in 
1990. Strains with a spur growth habit 

often had lower leaf K and Fe, but 
higher leaf Ca, Mg, Zn, Mn, and Cu 
than standard types. The capability 
and/or demand for higher accumula 
tion of these elements in spur type 
strains should be taken into account 
when interpreting results of leaf ele 
mental concentrations for 'Delicious' 
apples. 

'Early Red One,' 'Starkspur Supreme' 
and 'Redchief' had higher leaf N than 
most other strains. The levels were not 
excessive, however; and had no adverse 
effect on fruit quality (9). 'Aomori' 
had lower leaf N, Ca, Mg, but higher 
leaf K than many other strains. 'Impe 
rial' had high leaf K and Fe but low 
leaf Mg. Drastic year-to-year variations 
were found in concentrations of some 
elements. Potassium was in the defi 
cient range in a high cropping year, 
but was sufficient in the following 
year when the crop was reduced. 'Sil-
verspur' had higher concentrations of 
leaf Zn and Mn, which is a desirable 
characteristic for any fruit tree grown 
in orchards with a high soil pH. 'Silver-
spur' was also among the strains with 
high yield, yield efficiency, fruit weight, 
soluble solids after storage, and slow 
starch degradation pattern (9). Consid 
ering all of these desirable pomological 
and nutritional factors, 'Silverspur is a 



Table 4. Leaf micronutrient concentrations in various strains of 'Delicious' apple in 1990 and 1991? 

zElements are expressed on a dry weight basis. 
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good choice among 'Delicious' strains 
For planting under the climatic condi 
tions of the Northwest United States 
and other similar places worldwide. 
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