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Abstract. A 2-year field study was conducted to determine if foliar B applications prior to
flowering increased fruit set in olive (Olea europaea L.) cv. Manzanillo. Boron solutions
were applied (935 L-ha™) at four concentrations (0, 246, 491, and 737 mg-L) to trees
exhibiting no vegetative symptoms of B deficiency. Foliar B application increased both the
percentage of perfect flowers and fruit set, but no effect on pollen germination was
observed in either year. The increase in fruit set was not accompanied by a reduction in
fruit size. The beneficial effects of foliar B application varied between years and were
greater when fruit set was low. The results obtained here are in agreement with those
observed in other tree species, in which foliar B applications made immediately prior to
flowering or during the period of floral bud initiation significantly increased fruit set and
yield. The physiological basis for this effect, however, remains unclear.

In California, the physiological process
leadingto olive flower differentiation in March
and bloom in May starts in the preceding
summer with flower induction (Fernandez-
Escobar et al., 1992), followed by flower ini-
tiation in November (Martin, 1994; Pinney
and Polito, 1990a). Olive produces either per-
fect flowers with pronounced green and func-
tional pistils, or imperfect flowers that contain
an aborted pistil and functional stamens
(Brooks, 1948). The proportion of perfect flow-
ers formed varies with inflorescence, cultivar,
and prevailing environmental conditions.

A mature olive tree produces =500,000
flowers (Martin, 1990), 10% to 15% of which
set fruit. This is followed by a rapid fruit drop
that continues at a declining rate until 6-7
weeks after full bloom. In a year with normal
flowering, 1% to 2% final fruit set will result
in a good commercial yield (Griggs et al.,
1975; Lavee, 1986).

The abscission of flowers and fruits is
primary responsible for the small percentage
of fruits retained to maturity (Rallo and
Fernandez-Escobar, 1985; Uriu, 1959). The
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staminate flowers drop within 2 weeks after
bloom (Cuevas et al., 1995), and many of the
perfect flowers drop after varying periods of
fruit development. Abscission affects mainly
flowers in which the pistils are unable to reach
a certain size, suggesting that competition for
nutrient supply among developing fruits, or
among the fruits and other active growing
regions, plays a major role in abscission of
perfect flowers (Cuevas et al., 1995; Rallo and
Fernandez-Escobar, 1985; Rapoport and Rallo,
1991). A similar phenomenon has been ob-
served in several fruit and nut species and has
been attributed to boron (B) deficiency
(Nyomora et al., 1997, 1999).

Although olive is well adapted to a wide
range of growing conditions and soils, nutri-
tional disorders caused by B deficiency are
quite common (Demitriades etal., 1960; Klein
and Lavee, 1977; Poly, 1986). The deficiency
isusually described as abnormal fruit develop-
ment, or “monkey face,” and seems to be
cultivar-dependent. Leaf-tip yellowing, shoot
die-back, fruitdrop, and bark abnormalities, in
addition to death of the terminal bud that
results in a “bushy”” appearance, are common
symptoms of B deficiency. In California, B
deficiency has been reported in olive groves in
Butte and Kern County (Freeman et al., 1994;
Hartmann et al., 1980).

Existing leaf B standard values for the
olive (Freeman et al., 1994) suggest an ade-
quate B concentration range from 19-150
mg-kg™'. Within this range, tree response to
foliar B has not been examined. The current
critical values for olive are based solely on
visual symptoms and we are unaware of any
research that has established the critical B
concentrations required for optimal yields in
modern olive cultivars. Hartmann et al. (1980)
reported that olive requires high B, and B

fertilizers are frequently used in olive produc-
tion, though mainly to control vegetative defi-
ciencies. In olive, little is known about repro-
ductive requirements for B, the effect of B on
flowering, fruit set or fruit abscission, or the
response to foliar B applications.

Boron application increases fruit set and
yield in several fruit and nut crops, including
almond (Prunus dulcis Mill D.A. Webb), fil-
bert (Corylus avellana L.), Italian prune
(Prunus domestical..),and sour cherry (Prunus
cerasus L.) (Baron, 1973; Chaplinetal., 1977;
Hanson, 1991; Nyomoraetal., 1997; Shrestha
et al., 1987). In many of these experiments,
foliar B applications were effective in trees
that showed no obvious vegetative symptoms
of B deficiency. This suggests that there is a
specific requirement for B in the reproductive
process (Blevins and Lukaszewski, 1998; Dell
and Huang, 1997).

Given the importance of B for fruit set in
many tree species, the relatively high B de-
mand of olive, and the occurrence of B defi-
ciency in Californian orchards, we hypothe-
sized that foliar B application would increase
fruit setand hence yield of olive. The objective
of this study was to investigate the effect of
spring foliar B application on flower develop-
ment, pollen germination, fruit set, and yield
of olive.

Materials and Methods

In 1997, a bearing olive orchard, cv.
Manzanillo, with July tissue B concentration
of 17 mgkg™!, was selected near Oroville
(Butte County), Calif. Experiments were con-
ducted in both 1998 and 1999. Planting den-
sity was 370 trees/ha. Boron as Solubor
(Na,B;0,,-4H,0; U.S. Borax, Valencia, Calif.),
containing 20.5% B, was applied with a trac-
tor-mounted sprayer at four concentrations (0,
246, 491, and 737 mg-L' B) in 935 L-ha™! of
water. Boron was applied =3 weeks before
anthesis (21 Apr. 1998 and 1 May 1999). The
four treatments were applied to the same trees
each year and imposed in a randomized block
design with five trees per plot and six replica-
tions (atotal of 120 experimental trees). Single
border trees separated the treatments and mini-
mized cross-treatment contamination.

In vitro pollen germination. Pollen germi-
nation was tested in vitro as described by
Pinney and Polito (1990b), with or without the
addition of boric acid (10 mg-L™") in the germi-
nation medium. Germination, evaluated after
24 h at 24 °C, was rated as nongerminated if
tube length was less than four times the diam-
eter of the grain, and germinated if it exceeded
four times the diameter of the grain. Germina-
tion percentage was based on 100 pollen grains
from each of six replicates.

Flowering, fruit set, fruit size, and yield
measurement. On each replicate tree, five
(1998) or 20 (1999) shoots, uniform in length
and exposure, with full floral differentiation
(>95%), were selected =4 weeks before anthe-
sis and tagged a few nodes above the base. In
1998, all flowers on each tagged shoot were
counted; in 1999, only the total number of
inflorescences were counted.



For fruit set determination, fruits remain-
ing on the shoots were counted on 10 consecu-
tive inflorescences above the tagged point,
and on five consecutive nodes. Fruit set was
determined as the percentage of fruit remain-
ing, based either on total flower count (1998),
or as the average number of flowers on 150
inflorescences within a replicate (900 inflo-
rescences per treatment) on 14 May 1999. In
1999, a total of 6000 inflorescences (10 inflo-
rescence per shoot X 600 shoots) were counted
per treatment.

At anthesis (10 May 1998 and 18-22 May
1999), five uniform shoots per tree were de-
tached and taken to the laboratory where the
numbers of perfect and imperfect flowers on a
single inflorescence, arbitrarily chosen from
the fourth node from the base of each detached
shoot, were recorded. “Perfect flower” in this
report is defined as a flower that has fully
developed stamens, pistil, calyx, and petals,
while a flower with any organs missing is
defined as “imperfect.”

In 1998 each individual tree was harvested
manually, and yield and fruit size distribution
were determined. In 1999, fruit set was deter-
mined from 7-13 Sept. and random fruit
samples were taken for fruit size determina-
tion on 12 Nov. just before commercial har-
vest. Fruit size was determined according to
commercial ‘Manzanillo’ olive grades (Sibbett
et al., 1986). Because of excessive tree yield
and, consequently, small fruit size in 1999,
trees were shaken mechanically and yield was
not recorded.

Boron analysis. For B analysis, a total of
100 leaves (20/tree from the mid-shoot) were
collected from each plot in 10 May 1998 and
22 May 1999. Leaves were washed for 1 min.
in deionized water, dried at 70 °C for 72 h, and
ground to pass a 30-mesh screen. Flowers and
pollen were collected from five shoots per
tree. All the samples were ashed at 500 °C for
4 h, and the ash was dissolved in 10 mL 1 N
HNO, and heated to 90 °C for 25 min. Boron
concentration in the samples was determined
using inductively coupled plasma-mass spec-
trometry (ICP-MS, Sciex Elan 500; Perkin
Elmer Corp., San Jose, Calif.) as described
previously (Brown and Hu, 1994). Data are
presented as means with SE.

Results

Effect of B application on tissue B con-
centration. In early March of both years, leaf
B concentration was =16 mg-kg™! dry weight.
Foliar B application significantly increased B
concentration in leaves sampled 3 weeks after
treatment (Table 1). However, the amount of
increase varied from year to year. For ex-
ample, leaf B increased only slightly in 1998,
but dramatically in 1999, when the highest B
application increased leaf B concentration
=80%. A significantly greater and almost lin-
ear increase in tissue B concentration was
observed in the flowering organs (Table 1).

Effect of B application on in vitro pollen
germination. Boron influences in vitro pollen
germination and growth and is commonly
added to germination media. Inno instance did

foliar B treatment affect pollen germination,
although addition of 10 mg-L! boric acid in
the medium improved it (data not shown).

Effect of B application on flowering and
fruit set. In 1998, the percentage of perfect
flowers was lowest in the control, and in-
creased significantly with increasing B rates
up to 491 mg-L' B (Table 1), a maximum
increase of 49% being obtained. However, a
further increase to 737 mg-L~! did not increase
response. Consistent with the results from
1998, B application in 1999 increased the
percentage of perfect flowers; the maximum
effect was obtained at 246 mg-L™' B, which
increased the percentage by 22%.

In 1998, fruit set in June was increased by
43% to 54% by response to all B applications
(Table 1). In 1999, all B treatments increased
fruitsetin both June (6.7% t09.1% higher than
the control) and September (10% to 11% above
the control).

Effect of B application on fruit size and
finalyield.In 1998, alight bearing year with an
average yield of 12 kg per tree, the application
of 246 mg-L' B increased yield 30%. How-
ever, higher B concentrations (491 and 737
mg-L! B) only increased yield 6% and 1%,
respectively. In 1998, fruit size distribution in
each category remained unchanged regardless
of B treatment (data not shown). In 1999, a
heavy bearing year with an estimated yield 3 to
5-fold higher than in 1998, fruit size was also
unaffected by B treatments. The size distribu-
tion, however, was shifted downward in com-
parison with 1998, and fruit maturation was
unusually late. In 1998 most of the fruits (73%
to 76%) were in either the “Extra large” or
“Large” category, while in 1999, most (67% to
82%) were in the “Standard,” “Petite,” or
“Subpetite” categories (data not shown).

Discussion

The average leaf B concentration in con-
trol trees (16 mg-kg™" in March, 17 mg-kg™' in
July) was slightly below the currently recog-
nized adequate level of 19 mg-kg™! (Freeman
etal., 1994). Boron concentrations in flowers
and pollen grains were generally much higher
than those in the leaves. This is consistent
with the suggestion that the B requirement is

higher for reproductive than for vegetative
growth, or that reproductive organs simply
accumulate more B (Blevins and Lukaszewski,
1998; Dell and Huang, 1997). In several spe-
cies, the higher concentration of, and require-
ment for, B in flowering tissue, particularly
for pollen development and growth as op-
posed to vegetative growth, is well docu-
mented (Dell and Huang, 1997; Hansonetal.,
1985; Peter and Stanley, 1974; Stanley and
Linskens, 1974).

Boron concentrations in the flowers and
pollen grains increased in proportion to the B
concentration applied. The effect of B applica-
tion was also much more consistent in repro-
ductive than in leaf tissue. These results agree
with findings on other fruit and nut crops in
which B concentration of reproductive tis-
sues, buds, flowers or fruits is highly respon-
sive to B application (Hanson, 1991; Nyomora
atal., 1997,1999). In this experiment, the buds
were already swollen when B was applied.
Thus, the increased B concentration could be
related to direct uptake by the reproductive
tissue following treatment. Significant trans-
location from treated leaves to flowers may
also occur, since Delgado et al. (1994) sug-
gested that B is mobilized from young olive
leaves during anthesis to supply the needs of
flowers and fruits. Brown and Hu (1998) also
showed that phloem retranslocation of B oc-
curs in olive. This has been confirmed using
foliar-applied '’B, which significantly enriched
the developing olive flowers, fruits, and grow-
ing shoots (Pericaetal.,2001). Since mannitol
is a primary transport carbohydrate in olive
(Drossopoulos and Niavis, 1988; Perica et al.,
2001), co-movement of a B-mannitol com-
plex probably occurs in olive, as has been
demonstrated for celery (Apium graveolens
L.) (Hu et al., 1997).

Boron definitely influences in vivo and in
vitro pollen germination and growth (Blevins
and Lukaszewski, 1998). In our experiment
foliar B application to field trees did not en-
hance in vitro germination. However, addition
of 1.75 mg-L! B (10 mg-L! of boric acid) to
the germination medium significantly in-
creased germination of pollen from all treat-
ments. The results suggest that the pollen
grains may contain adequate B to germinate

Table 1. Effects of applying foliar sprays of B to ‘Manzanillo’ olive trees 3 weeks before anthesis
on tissue B concentration, percentage of perfect flowers, and fruit set, 1998-99.

Rate of B application (mg-L™")

Year Tissue or time 0 246 491 737
Tissue B concentration® (mg-kg™' DW)
1998 Leaf 16.5+ 0.4 19.1+£0.5 19.8+0.7 199+0.4
Flower 352 48 +4 55+3 654
1999 Leaf 301 362 4412 53+5
Pollen 68t 1 124+3 190 +4 252+7
Perfect flowers at anthesis (%)
1998 May 45+4 65+4 67+3 52+5
1999 May 512 62+2 60£3 53+3
Fruit set (%)
1998 June 2.37+0.26 3.46+0.24 3.37+£0.36 3.63+0.41
1999 June 6.71+0.14 7.16 £0.10 7.32+0.11 7.26 £0.09
Sept. 3.87+0.07 4.26 £0.08 4.40 £0.08 4.31+0.09

“Samples collected at anthesis (10 May 1998; 22 May 1999).

YMean * SE.



normally, but not enough to maintain pollen
tube growth.

Boron rates of 246 and 491 mg-L™! were
effective in increasing the percentage of per-
fectflowers, while the highest B concentration
tested (737 mg-L™") was less so. The effect of
B on fruit set, however, did not exactly parallel
its effect on the formation of perfect vs. imper-
fect flowers. For example, all of the B treat-
ments applied increased fruit set significantly,
with the increase ranging from 6.7% to 9.1%
(June) or 10% to 11% (Sept.) in the “on” year,
to 43% to 54% in the “off” year. In compari-
son, B increased the number of perfect flowers
by 22% to 49% in both years when applied at
246 or 491 mg-L-". The significantly greater
effect of B on flower formation than on final
set or yield suggests that a dilution effect may
have occurred and that the optimum concen-
tration during flowering may not be main-
tained as fruits grow. Alternatively, fruit set
may not be correlated with the number of
perfect flowers.

In the “off” year, application of 246 mg-L™!
B was more effective in increasing yield than
were higher concentrations (491, 737 mg-L!
B). In both years, the increase in yield or fruit
set resulting from B application (>30%) did
not reduce fruit size. Increased fruit set and
yield following B application have been re-
ported for several fruit and nut crops, includ-
ing almond (Nyomora et al., 1997, 1999),
filberts (Baron, 1973), Italian prunes (Chaplin
etal., 1977), and sour cherry (Hanson, 1991).
Interestingly, the concentrations of B that re-
sulted in additional yield were remarkably
similar (200-400mg-L™") inall studies, whereas
in almond application of B at >400 mg-L-' had
no significant effect on set or yield.

Fruit size in olive is inversely correlated
with yield (Hartmann, 1952; Lavee and
Spiegel-Roy, 1967). Our findings thatincreases
of 13% and 30% in yield did not effect fruit
size may reflect the increased photosynthetic
capacity or improved sink-strength of the re-
maining fruit.

In summary, the response of olive to foliar
B application was significant in both years and
was more pronounced when fruit set was low
than when it was high. The effect of B on yield
can be attributed to both an increased percent-
age of perfect flowers and to an apparent,
although poorly understood, effect on fruit
retention. A multi-factor benefit of foliar B
applications has also been observed in al-
mond, where B applications to male and fe-
male floral organs independently and addi-
tively improve yield (Nyomora et al., 1997,
1999). The mode of action of foliar B on yield
is poorly understood.
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