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Effects of Nutritional Factors on
Regular Cropping of Apple

Warren C. Stiles
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SUMMARY. Nutritional status of apple (Malus domestica Borkh.) trees may influence regularity
of cropping through effects of some nutrient elements at various stages of the floral initiation,
development, pollination, fertilization and fruit setting process. Other elements may influence
regularity of cropping more indirectly as consequences of their effects on physiological pro-
cesses or by modifying the sensitivity of the tree to adverse environmental factors. This report
provides a brief summary of reported impacts of mineral nutrition on regularity of cropping.

Regularity of crop production is influenced by numerous factors
within the orchard management system and its environment.
Biennial bearing or irregular cropping of apple cultivars is usually

the consequence of frost–freeze damage, overcropping, inappropriate
pruning practices, drought, and sometimes nutritional problems. In this
context, the purpose of nutrition management is to ensure that deficiency
or toxicity of essential nutrient elements do not impose limitations on
floral induction, flower development, pollination, fertilization, or fruit set.
A review of this topic by Chaplin and Westwood (1980) provides a sum-
mary of some of these relationships.

While some elements may be shown to be directly involved in one or
more of these processes, the roles of other elements are more likely to be
indirect. Indirect effects involve modification of the sensitivity of trees to
adverse environmental factors and physiological processes that impact
cropping. This presentation will attempt to summarize some of the nutri-
tional effects on various aspects of the cropping cycle in apples. Observa-
tions and unpublished results of experiments conducted by the author will
be included where appropriate. Those who desire more comprehensive
general reviews of literature on apple nutrition may wish to consult the
reviews by Boynton and Oberly (1966), or Sadhu (1988).

NITROGEN has both direct and indirect effects on regularity of cropping.
The direct effects attributed to nitrogen include those on flower initiation
and development, length of the period of ovule receptivity, and fruit set.
The indirect effects of nitrogen are those related to relative vigor of the
trees as indicated by shoot and spur growth, and leaf area to support
photosynthesis and the production of carbohydrate reserves.
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Deficiency of nitrogen (less than
≈1.5% in midsummer shoot leaves)
may prevent flower bud formation,
but such conditions are not a common
occurrence in well managed commer-
cial orchards.

A low nitrogen status (less than
≈2.0%) may be associated with devel-
opment of heavy snowball blooms.
This situation is often found during off
years in biennial bearing trees. Under
these conditions, the flowers tend to
be relatively smaller and weaker than
normal. Fertilization of the flowers is
often poorer than might be expected.
Postbloom fruit drop is accentuated,
trees are sensitive to chemical thinners,
and final fruit set may be relatively low.

A high nitrogen status (more than
≈2.4%) can be associated with exces-
sive vegetative growth and poor flower
bud initiation in shaded interior por-
tions of the trees. However, as indi-
cated by Chandler (1925) “with trees
old enough to bear profitable crops, it
is not generally possible, by use of
nitrogen alone, to prevent excessive
formation of fruit buds, if during June
and July there are several weeks of high
transpiration and rather low soil mois-
ture”.

Oland (1963) reported signifi-
cant yield increases in both on and off
years of ‘Gravenstein’ trees growing in
sod that had received postharvest sprays
of urea. In this study, the urea sprays
increased the N content of spur buds
as measured from November into Feb-
ruary. Leaf N content of trees receiv-
ing no nitrogen or soil applications of
calcium nitrate was below 2%.

Williams (1965) demonstrated
that improving the “strength” of flower
buds by late summer nitrogen applica-
tions can improve fruit set by increas-
ing the length of the effective pollina-
tion period in apples.

Tami et al. (1986) found that leaf
N was positively correlated with per-
cent floral buds and with fruit yield in
the second year of soil applications of
urea to 10-year-old ‘Starkspur Golden
Delicious’ trees. In the first year, fruit
set was increased 11% by the urea
treatment. Floral bud initiation during
the second year of treatment was in-
creased by 7%. Crop density (fruit per
limb cross-sectional area) was increased
in both years, but this increase was not
statistically significant.

Fallahi (1997) observed lower
yields of ‘Redspur Delicious’ from trees
that had received low annual N [1.6

oz/tree (45.3 g/tree)] applications,
but no significant difference in yields
among trees that received N at 6.4 to
20.8 oz/tree (181.4 to 589.6 g/tree).
Fruit N concentration tended to in-
crease with increasing rate of N appli-
cation. Apparently, the lowest rate of
N application was not adequate to
sustain consistent cropping in this
study.

Our present recommendation for
nitrogen management (Stiles and Reid,
1991) includes the application of a
prebloom urea spray when the previous
season analysis shows leaf nitrogen val-
ues of <2.4%. This is considered to be
critical for those varieties that are being
managed at relatively low nitrogen lev-
els to favor development of fruit color
and improve storage quality.

It is generally accepted that excess
nitrogen increases susceptibility of buds
to cold injury. Incidence and severity
of fire blight (Erwinia amylovora Burr)
is also increased by excessive applica-
tion of nitrogen fertilizers (van der
Zwet and Beer, 1991). High nitrogen
status also enhances prospects of in-
creased damage to leaves by pests such
as European red mite (Panonychus ulmi
Koch) (Smith et al., 1989). These types
of problems can have significant im-
pacts on fruit set and regularity of
cropping.

PHOSPHORUS application to es-
tablished orchards have generally not
resulted in economically significant
benefits on cropping of apple trees.
Neilsen et al. (1990) found that appli-
cation of monoammonium phosphate
(MAP) in the year of planting increased
leaf P, blossoming and fruit set the
next year on trees planted in nonreplant
soil. In subsequent field trials in eight
replant situations with various plant-
ing time treatments, only three or-
chards had significantly higher cumu-
lative blossom numbers, and only one
orchard had increased yield by the end
of the third growing season (Neilsen,
1994).

No economic response of newly
planted or established trees to P appli-
cations were found in several experi-
ments conducted in New York State
(Oberly, 1989; Stiles, 1994). How-
ever, in some cases there have been
responses to MAP that are associated
with its strong soil acidification effect
in increasing availability of Mn or Mg.
Similar effects of MAP in increasing
availability of Mn have also been re-
ported by Neilsen (1994).

POTASSIUM affects cropping indi-
rectly through effects on tree vigor.
Shortage of potassium results in re-
duced vegetative vigor along with re-
duced fruit size and color. However,
flowering and fruit set are usually abun-
dant with mild potassium deficiency,
but decrease and may be eliminated as
severity of the deficiency increases. Yield
may be limited by potassium shortage
through its effect on tree growth and
vigor, at levels well above those associ-
ated with visual deficiency symptoms.

Results from a fertigation study
(Stiles, 1998) initiated with trees
planted in 1993 and deblossomed
during the first two seasons showed a
significant increase in shoot growth in
response to K. Yields during the first
three cropping seasons were related
positively with shoot growth during
the first two growing seasons (Table
1). In this trial, the lowest rate of K,
33.2 lb/acre (42 kg·ha–1) per year has
been enough to meet the require-
ments of these young trees in terms of
shoot growth, yield and maintaining
leaf K in our suggested sufficiency
range of 1.35% to 1.80%. However,
since K requirement is directly related
to crop load it is anticipated that these
relationships may change as the trees
mature.

An additional factor to consider,
particularly in areas subject to spring
frosts, is that cold damage to blossoms
may be accentuated by inadequate K.
This aspect is illustrated by data re-
ported by Heeney (1968) that shows
the impact of both K and Zn on dam-
age to apple flowers as a consequence
of a spring frost. Leaf K levels of 1.5%
to 1.7% and a Zn level of 55 ppm
(mg·L–1) were associated with minimal
frost kill of blossoms. Frost damage
increased with lower concentrations of
either K or Zn.

MAGNESIUM has both direct and
indirect effects. With Mg deficiency,
vigor of shoots is reduced and spurs
tend to be thin, weak and brittle. Al-
though not generally affected, flower-
ing may be reduced if excessive leaf
drop occurs early in the season. Early
leaf drop from Mg deficiency frequently
also leads to blind wood as a result of
poor lateral bud development on cur-
rent season extension growth.

Fisher et al. (1958) reported in-
creased yields over 4 years after cor-
recting magnesium deficiency with ap-
plications of dolomitic limestone.

Greenham and White (1959)
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Generally, midsummer leaf sample
contents of 35 to 50 ppm (mg·L–1) B
are considered to be adequate.
Woodbridge et al. (1971) found rela-
tively high levels of B in developing
buds of apple, pear (Pyrus communis
L.), and cherry (Prunus avium L.).
These authors reported that both total
B per bud and concentration of B on a
dry weight basis increased gradually as
buds enlarged and rapidly as the flow-
ers opened to full bloom. The levels in
floral parts reached their maxima when
pollination and fertilization occurred
and then total B decreased sharply
when the petals fell.

Boron toxicity can cause abnor-
mal flower development and reduced
cropping. Hansen (1981) found ex-
cessive boron to result in delayed de-
velopment of buds and bloom, re-
duced blossom density, and reduced
yields. Delayed bud development and
bloom were associated with previous
season leaf B levels of 40 to 50 ppm
(mg·L–1), and bloom density was re-
duced or buds failed to develop nor-
mally at leaf B levels of 60 to 70 ppm.

Table 2. Effect of copper sprays on ‘Idared’
apple, Ithaca, N.Y., 1987 (Source: Stiles,
unpublished data).

Yield Fruit diam Leaf Cu
Treatmentz (tons/acre)y (inches)x (ppm)w

Nontreated
   control 8.25 2.976 5.49
Kocide 8.25 3.060* 5.68
Kocide + oil 11.28* 3.048* 6.04*

EDTA-Cu 11.15* 2.948 5.58
EDTA-Cu
   + oil 10.43* 3.008 5.49
zTreatments applied at 1/4-inch (0.6-cm) green stage.
y1 ton/acre) = 2.24 t·ha–1.
x1 inch = 2.54 = cm.
wppm = mg·L–1.
*Significantly different from nontreated at p = 0.05.

Table 1. Potassium effect on shoot growth,
yield, and leaf K, ‘McIntosh’/Malling 9
(Source: Stiles, 1998).

Annual Shoot growth Yield Leaf K
K rate 1993 + 1994 1995–97 1997
(lb/acre)x (ft/tree)y (lb/tree)z (% dry wt)

0 4.07 a 42.8 a 1.03 a
33.2 5.25 b 58.4 b 1.51 b
66.4 5.51 b 58.3 b 1.43 b
99.6 5.09 b 57.2 b 1.50 b
Significance p = 0.05 p = 0.05 p = 0.05
x1 lb/acre = 1.12 kg·ha–1.
y1 ft/0.3 m.
z1 lb/2.2 kg.

cropping under severe Mn deficiency
conditions in Australia.

Maintaining midsummer leaf
contents of at least 35 to 150 ppm
(mg·L–1) Mn should minimize the
possibility of adverse effects from Mn
deficiency. Leaf levels considerably
higher than this can result from appli-
cations of manganese-containing fun-
gicides or other foliar sprays but usu-
ally do not indicate toxicity.

ZINC. Flowering and cropping
are reduced by zinc deficiency and may
be eliminated under severe deficiency
(Stiles and Reid, 1991). Zinc defi-
ciency reduces growth and general tree
vigor and if severe it can result in
dieback of shoots or limbs. This effect
is often not uniform throughout the
tree but may be more severe on indi-
vidual limbs than on others. There is
always a reduction in the number of
flower buds on severely affected trees
(Chandler, 1937).

Over a 3-year period, average yield
of ‘McIntosh’ trees receiving annual
mid-June postbloom foliar sprays of
EDTA-zinc chelate was increased by
30%. A single application of EDTA-
zinc at the pink stage likewise increased
yield of ‘McIntosh’ by 17% over a 2-
year period (Stiles, 1980).

One of the difficulties in assessing
zinc status is determining when to
sample. Thus, Neilsen (1988) showed
that midshoot leaf Zn declined from a
high of 40 ppm (mg·L–1) in early May
to values approaching or below 14
ppm (mg·L–1) by midsummer.

Cultivar differences in zinc re-
quirements and response to zinc appli-
cations seem to be related inversely to
the phosphorus levels found in leaf
tissues. Thus, ‘McIntosh’ does not

showed that postbloom Epsom salts
(MgSO4

 • 7H2O) sprays applied to Mg
deficient ‘Edward VII’/Malling 7 trees
over a 5-year period did not increase
the number of fruit buds produced but
did improve fruit set by an average of
68%. Crop production per tree was
increased significantly in 2 of the 5
years and total crop for the 5-year
period was 80% greater with the Ep-
som salts sprays. Leaf Mg levels for
control trees were deficient (0.11% to
0.19%) and Epsom salts sprays in-
creased these to 0.18% to 0.34%. The
effects of the Epsom salts sprays was
greatest during the 2 years when fruit
set was poorest on the control trees.

In this same study, urea sprays
also increased average fruit set by 27%
and total crop by 36%, possibly be-
cause of a direct nitrogen effect on
fruit setting or of a magnesium mobi-
lization role.

Magnesium deficient trees will re-
spond positively to foliar applications
of magnesium, but little or no benefit
should be expected if the magnesium
status of the trees is adequate. Our
current interpretation of adequacy is a
Mg level of 0.35% to 0.50% and/or a
K to Mg ratio smaller than ≈4:1 in leaf
samples collected 60 to 70 d after petal
fall (Stiles and Reid, 1991).

BORON influences cropping in a
variety of ways. Boron deficiency has
been shown to result in reduced flow-
ering; abnormal development of flow-
ers; reduced pollen development and
germination; and severe reduction of
fruit set. When severe, boron defi-
ciency results in death of meristematic
tissues and poor development of con-
ducting tissues (Stiles and Reid, 1991).

Several reports indicate beneficial
effects of foliar applications of boron,
either postharvest or before bloom, in
increasing fruit set of apples. Other

There is a need for more
information about the optimal
level of B in buds and particu-
larly in reproductive tissues dur-
ing the flowering and fruit set
period as these relate to fruit set
and regularity of cropping.

MANGANESE. Mild defi-
ciencies of manganese do not
appear to influence cropping. In
this author’s experience, appli-
cation of manganese-containing
fungicides or sprays of manga-
nese sulfate that provide suffi-
cient manganese to prevent ap-
pearance of deficiency symptoms
has been adequate to avoid ef-
fects on cropping. However,
Dunne (1946) reported reduced

reports indicate no response, or
in a few cases, reductions in fruit
set. These differences would ap-
pear to be attributable to differ-
ences in the boron status of the
buds and/or differences in bo-
ron requirements in specific situ-
ations. It has been suggested that
improvement in fruit set may be
related to correction of incipient
boron deficiencies.

Davison (1971) reported fruit
set increases of 6% to 29% in 11
trials when boron sprays were ap-
plied at open cluster (pink) and
again at 80% to 100% petal fall.
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exhibit deficiency symptoms as readily
as ‘Delicious’, which generally has a
higher leaf phosphorus content.

Following winter injury to buds,
foliar application of a combination of
boron plus EDTA-Zn chelate at 1/2-
inch (1.25 cm) green followed by bo-
ron plus EDTA-Zn chelate plus urea at
tight cluster to pink has been helpful in
improving bud survival and fruit set
(Stover et al., 1999).

COPPER deficient trees may ex-
hibit poor shoot growth or dieback of
shoots, reduced bloom and poor fruit
set. As with zinc, Cu levels in bud
tissues may be fairly high at the begin-
ning of growth, but the level in leaf
tissues declines rapidly as growth pro-
ceeds. Regression analysis of yield data
from various experiments suggest a
midsummer leaf level of 7 to 12 ppm
(mg·L–1) to be optimal (Stiles and Reid,
1991). However, little information is
available concerning optimal require-
ments during bud development and
bloom.

Foliar application of copper at the
1/4-inch (0.6 cm) green stage of de-
velopment hs improved yield and size
of fruit, but may show little effect on
midsummer leaf levels of copper (Table
2).

Spray applications of copper com-
pounds must be applied before florets
are exposed in the buds or after harvest
if injury to the fruit is to be avoided.
Very low rates of copper applied after
1/4-inch to 1/2-inch green or in early
postbloom sprays can cause serious
fruit russeting.

Comments
Nutrition is an important factor

in maintaining regular cropping in
apples. The primary objective in man-
aging nutrition should be to avoid
either deficiency or toxicity situations
that might interfere with normal plant
function. Interactive relationships of
cropping and environmental factors
with nutritional factors must be recog-
nized and appropriate adjustments
made in order to optimize tree perfor-
mance and regularity of cropping.
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