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Abstract. This study was carried out on mature ‘Delicious’ apple trees (Malus domestica 
Borkh.) on EM 9 rootstock. Labeled B (99.63 Atom % 10B) was applied as boric acid. 
Treatments were postharvest foliar B at 375 mg·L–1, postharvest foliar B (375 mg·L–1) 
plus urea (2.5% wt/vol), and a soil application at the same per-tree rate as the foliar 
treatments (16 g boric acid/tree). Postharvest foliar B applied with or without urea was 
effi ciently transported from the leaves into storage tissues for the next year´s growth. 
However, soil-applied B remained mostly in the roots while very little was translocated 
to the above-ground portions of the tree at full bloom. When urea was added to a foliar B 
spray, the amount of B in the roots and fl ower clusters increased at full bloom. Although 
increasing the effi ciency of foliar B applications may not be necessary, combining urea 
and B into a single application is recommended when growers want to apply both N and 
B. Shoot leaves from all treatments collected late in the season (midsummer) had similar 
B concentrations, even though treatments altered the amount of added B that was present 
in different tree tissues early in the season.

Boron is an essential micronutrient. When 
it is not present in suffi cient quantity, apple 
and pear profi ts are reduced. A major effect of 
B nutrition in fruit trees is its role in fruit set 
(Faust, 1989). Early research indicated that B 
is necessary for fl ower bud formation (Kamali 
and Childers, 1970), production of pollen grains 
in corn (Zea maize L.) (Argawala et al., 1981), 
and pollen tube growth in non-fruiting species 
(Dickinson, 1978; Vasil, 1963). Boron applica-
tions increase fruit set in ‘Anjou’ pear (Pyrus 
communis L.) (Bajter and Thompson, 1949), 
‘Stayman’ apple (Malus domestica Borkh.) 
(Bramlage and Thompson, 1962), ‘Italian’ 
prune (Prunus domestica L.) (Callan et al., 
1978; Chaplin et al., 1977; Hanson and Breen, 
1985), and sour cherry (Prunus cerasus L.) 
(Hanson, 1991a). A minimum B threshold value 
of 35 to 40 mg·kg–1 in late summer midshoot 
leaves has been established for most deciduous 
fruit tree species (Mills and Jones, 1986). Yield 
may increase following foliar B application 
even for trees that exhibit leaf B concentra-
tions within the desirable range (Chaplin et 
al., 1977). This observation indicates that 
standard leaf analysis may not be suitable for 
diagnosing transient B defi ciency early in the 
growing season (Brown, 2001). 

Boron is absorbed from the soil solution by 
roots, mainly as undissociated boric acid, and 
behaves as a mobile nutrient in the soil. There-
fore, small soil B applications easily provide 
adequate B to trees. However, commercial 
broadcast guidelines for soil B application must 
deal with the diffi culty of equally distribut-

urea was added to a foliar B spray, B uptake 
increased (Sánchez et al., 1998).

However, not all species are equally ef-
fi cient in absorbing nutrients from the leaves 
(Leece, 1976), and apples are thought to have 
better foliar uptake capabilities than other fruit 
species (Picchioni et al., 1995). 

The purpose of this research was to deter-
mine the uptake and transport effectiveness of 
postharvest foliar application of B for apple, 
to compare the effectiveness of foliar B ap-
plication with and without urea in increasing 
B reserves in the tree, and to compare the ef-
fi ciency of soil- and foliar-applied B.

Materials and Methods

The study was conducted on mature ‘De-
licious’/EM 9 apple trees (Malus domestica 
Borkh.) spaced 2.5 × 4 m, trained as a trellis, 
and grown in a Malabon silty clay loam soil 
(fi ne, mixed, mesic Pachic Ultic Argixeroll) 
at the Lewis-Brown Experimental Farm in 
Corvallis, Ore. The plot was drip irrigated using 
two emitters per tree located at both sides of 
the trunk. Herbicides were used to maintain a 
vegetation-free strip within the row. Manage-
ment practices were performed according to 
commercial practice. For the purpose of the 
experiment, 18 trees were selected randomly 
from a population of trees with uniform char-
acteristics. Guard trees and rows separated all 
experimental trees, replicated six times. On 2 
Oct. 1995, immediately after harvest, labeled 
B (99.63 atom % 10B) (Eagle Picher, Quapaw, 
Okla.) was applied as boric acid either to the 
soil or foliarly sprayed. The treatments were as 
follows: 1) foliar B at 375 mg·kg–1, 2) foliar B 
at 375 mg·kg–1 plus urea at 2.5% (wt/vol), and 
3) soil B application at the same per-tree rate as 
treatments 1 and 2 (16 g boric acid/tree).

For the soil application, the fertilizer was 
dissolved in 5 L of tap water and applied evenly 
under the tree canopy in the area wetted by the 
drip emitters. Foliar sprays were applied to the 
point of drip with a handgun sprayer. Before 
the foliar applications, the soil surface under 
the tree was covered with plastic to preclude 
direct addition of B into the soil. The treatment 
solution included a surfactant, 0.05% (v/v) 
Triton X-100 (Sigma, St. Louis, Mo.) and had 
a fi nal pH of 5.7. After several hours, when the 
solution on the plastic surface dried, the plastic 
under each tree was removed. 

All tissues sampled (Table 1) were washed 
immediately in solutions of glassware detergent 
(Alconox; Alconox, Inc., White Plains, N.Y.), 
rinsed once in tap water, twice in distilled 
water, and then dried at 65 °C for 5 d. All tis-
sues except buds and fl owers were ground in a 
Wiley mill to pass a 40-mesh screen. Bud and 
fl ower tissues were ground with ceramic mortar 
and pestle. Ground samples were ashed in a 
muffl e furnace at 500 °C. Ash was dissolved 
in 5 mL of a 5% HNO

3
 at room temperature, 

mixed, and allowed to settle. An aliquot was 
diluted (1:3) with double distilled water before 
analysis. To preclude contamination of B, 
polyethylene scintillation vials were used to 
store the diluted samples. Total B and isotopic 
ratios (10B/11B ion counts/s) in the ashed extracts 

ing small amounts of fertilizer. Recently, the 
increasing popularity of mechanical irrigation 
systems, especially drip irrigation, make ferti-
gation a useful technique for delivering precise 
amounts of nutrient to individual trees. Routine 
additions of B in fertigation systems are likely 
to become increasingly common.

Foliar fertilization with micronutrients 
is generally successful because deliverable 
amounts are enough to meet most tree require-
ments. At present, most growers apply foliar 
B. Because transitory low B status may limit 
fruit set, the goal of foliar B programs is to 
increase B in fl ower buds. Boron sprays often 
are applied in early fall after harvest or during 
the prepink blossom stage (Peryea, 1994). Tim-
ing of B maintenance sprays is not critical for 
apple trees if the trees already contain adequate 
amounts of B and do not show visual evidence 
of B insuffi ciency (Peryea et al., 2003).

Many growers are using postharvest foliar 
urea applications as a way to ensure that bud 
reserves of N are high, even when added 
fertilizer N is being reduced with the goal of 
increasing crop quality (Sánchez et al., 1995). 
There is also some evidence that a postharvest 
urea application increases leaf decay rates and 
reduces the incidence of disease the following 
year (Beresford et al., 2000; Burchill, 1968). 
It is important to determine whether B can be 
added effectively to a postharvest foliar urea 
application, thus eliminating the need for a B 
application the following spring.

Using the stable isotope 10B, Sánchez et 
al. (1998) demonstrated that for pear a single 
postharvest spray of B dramatically increased 
the B concentration in fl ower buds in the winter 
and fl ower clusters at full bloom. Thus, non-
limiting amounts of B were available for fruit 
set and early fruit and shoot growth. When 
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were determined using an inductively coupled 
plasma mass spectrometer (Elan 500; Perkin 
Elmer Corp., Norwalk, Conn.). A certifi ed 
solution (National Institute of Standards and 
Technology) was used to calibrate the spec-
trometer. The following equation was used 
to determine the fraction of B derived from 
the fertilizer (BFF): BFF = (% 10B

t
 – 10B

c
)/(% 

10B
f 
– %10B

c
) × 100. The subscripts t, c, and f 

refer to the atomic percentages of 10B in the 
tissue, the control (natural abundance), and 
the fertilizer, respectively.

Statistical analyses were performed using 
the GLM procedure of the SAS statistical 
package (SAS Institute, 1991). The data was 
analyzed as a completely randomized design. 
Duncan´s multiple range test was used to 
separate treatment means found signifi cantly 
different in the analysis of variance. Statistical 
signifi cance was tested at the 5% level.

Results and Discussion

Boric acid and urea concentrations (220 g 
and 2500 g/100 L, respectively) did not cause 
any leaf damage, and leaf fall occurred at the 
same time for treated trees and the rest of the 
trees in the plot.

Only small amounts of the soil-applied 
labeled B reached the aerial parts of the tree 
before leaf fall in comparison with the foliar 
application of B (Tables 2 and 3). About 2% 

of the total B in the senescent leaves was soil 
derived, and during the winter, all aerial tissues 
sampled had, at most, 3% of B coming from the 
soil-applied fertilizer. Fall application of B to 
soil likely will not infl uence bud development 
or overcome transient B defi ciency the follow-
ing spring. Instead, roots retain most of the B 
absorbed, maintaining a high B concentration 
(Table 2) with about 60% of the root B being 
fertilizer derived (Table 3).

Boron has been considered an immobile 
nutrient under natural conditions (soil-derived 
B) (Mengel and Kirby, 1987; Raven, 1980). 
However, recent studies have shown that fo-
liar-applied B is exported from treated leaves 
anywhere from a few hours (Picchioni et al., 
1995) to a few days (Hanson et al., 1985; 
Hanson 1991b; Shu et al., 1993; Shu et al., 
1994). In this study, the percent of B derived 
from foliar spray was higher for fl ower buds 
and fl owers than for other organs (Table 3). 
This suggests that buds are a preferential sink 
for B mobilization after foliar applications. The 
concentration of total B in the tissues (Table 
2) correlated well with their isotopic enrich-
ment or the percentage of B derived from the 
fertilizer in the same tissues (Table 3). Flower 
buds had B concentration ranging from 39 
mg·kg–1 in the soil application treatment to 62 
mg·kg–1 in the foliar B treatment. All tissues 
had higher amounts of B derived from the 
foliar fertilizer when urea was added, but the 

addition of urea signifi cantly increased the B 
derived from the foliar fertilizer only for the 
roots and fl ower clusters (Table 3). The results 
show that it is possible to mix both compounds 
in a postharvest fertilizer program if nitrogen 
is needed. Adding urea may enhance B uptake. 
However, since B alone substantially increases 
B concentrations in the fl owers (Table 3), it 
may not be necessary to include urea in the 
mix if only B fertilization is desired.

Leaves are sensitive to high B concentration. 
Here, only 375 mg·L–1 B (220 g boric acid/100 
L) was enough to increase B concentration in 
the new growth the following spring (Table 
2) in comparison with the soil application. If 
we are able to minimize B concentrations in 
the spray solution as we load storage tissues, 
it may be possible to include other nutrients in 
the postharvest foliar fertilizer mix for apples. 
Our work on pears was performed with 500 
mg·L–1 of B without adverse effects (Sánchez 
et al., 1998).

The soil application had the highest percent-
age of B derived from the fertilizer for midshoot 
August leaves (Table 3). This may suggest 
that while root-stored B is not an important B 
source to fl owers in early spring, it does become 
available to the leaves later in the season. It 
is also possible that some of the B applied in 
the previous fall was available once a canopy 
developed and soil uptake become important. 
In July, midshoot leaves had B concentrations 
from 29 to 33 mg·kg–1 for the soil and foliar B 
treatments, respectively. Even though there is 
statistical difference between foliar B applica-
tion and soil application, for practical orchard 
management purposes, the concentrations are 
the same—about 30 mg·kg–1.

We conclude that B applied foliarly after 
harvest is translocated to above-ground stor-
age organs before leaf fall and is then used the 
following season. In contrast, soil-applied B 
remained in roots during the winter and was 
less available to fl ower buds and fl owers. The 
observations that fertilizer-derived B can be de-
tected in some aerial tree parts in December, and 
in the fl ower clusters the following April, are 
important. The percentage of B derived from 
the labeled fertilizer was signifi cantly different 
than zero for all but two tissues in the soil treat-
ment: the senescent leaves in November and 
the scaffold bark in December. This indicates 
that some of the soil-applied B is absorbed and 
transported into the upper portions of the trees 
by December. Furthermore, detection of B in 
the roots of the foliarly-sprayed trees indicates 
a substantial basipetal movement of B, which 
supports the conclusion that B is phloem mobile 
in apple (Brown and Hu, 1996). 

Although there is clear evidence that B is 
more mobile than previously thought, late-sea-
son foliar applications are still more effective at 
supplying B to fl ower buds and fl ower clusters 
than late-season soil applications.

Urea added to a foliar B application 
increased B concentration in the roots and 
fl ower clusters but to a lesser extent than has 
been observed in pears (Sánchez et al., 1998). 
A factor that may contribute to the species 
difference is differential timing of application; 
postharvest applications for pears usually are 

Table 1. Sampling dates and tissues used for isotopic B analysis of fi eld-grown ‘Delicious’ apples.

Stage of growth Date Tissue
Leaf fall 7 Nov. Senescent leavesz

Dormant 20 Dec. Flower budsy, 1-year-old shoot, scaffold bark, rootsx

Full bloom (FB) 10 Apr. Flower clusters
After FB, 97 d 17 July Midshoot leaves
zFrom current season’s growth.
yDissected fl ower buds.
xRoots between 0.5 to 2 cm in diameter.

Table 3. Average percent of B derived from the labeled fertilizer in different tissues of ‘Delicious’ apple trees 
treated with B applied either to the soil or to the foliage immediately after harvest. Foliar applications 
were made with and without urea (2.5% wt/vol).

Sample   Treatment
date Tissue Soil B Foliar B Foliar B + urea
7 Nov. Senescent leaves 2.2 bz* 12.6 a 14.5 a
20 Dec. Flower buds 2.6 b 35.5 a 42.1 a
 One-year-old shoot 3.0 b 23.0 a 27.1 a
 Scaffold bark 1.3 b* 11.8 a 13.2 a
 Roots 59.6 a 6.2 c 12.5 b
10 Apr. Flower clusters 5.1 c 34.7 b 48.7 a
17 July Midshoot  leaves 25.1 a 16.2 b 19.3 b
zWithin each date and tissue, means with different letters are signifi cantly different at P = 0.05 using 
Duncan’s multiple range test.
*Not signifi cantly different than 0. 

Table 2. Average B concentrations in mg·kg–1 in different tissues of ‘Delicious’ apple trees treated with 
B applied either to the soil or to the foliage immediately after harvest. Foliar applications were made 
with and without urea (2.5% wt/vol).

Sample   Treatment
date Tissue Soil B Foliar B Foliar B + urea
7 Nov. Senescent leaves 36.7 bz 43.1 a 43.6 a
20 Dec. Flower buds 39.1 b 62.5 a 60.7 a
 One-year-old shoot 13.0 b 18.4 a 17.5 a
 Scaffold bark 27.2 a 31.0 a 30.2 a
 Roots 43.0 a 16.3 b 19.4 b
10 Apr. Flower clusters 32.1 c 40.9 b 46.8 a
17 July Midshoot  leaves 29.0 b 33.0 a 28.6 b 
zWithin each date and tissue, means with different letters are signifi cantly different at P = 0.05 using 
Duncan’s multiple range test.
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made substantially earlier than for apples. 
Shoot leaves from all treatments collected 

midsummer had similar B concentrations 
even though treatments altered the amount of 
added B that was present in different tree tis-
sues early in the season. Combining urea and 
B into a single postharvest foliar application 
is recommended when growers want to apply 
both N and B.
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