Discussion
This study shows that the concentration of nitrate leaching below the root zone
of mature avocado trees is strongly correlated with the mass of applied nitrogen.
Smaller, more frequent applications of fertilizer apparently minimize the potential
for nitrate leaching-and contamination
of ground water. A new study is assessing
the effects of smaller, more frequent fertilizer applications through the irrigation
system on the leaching of nitrate and the
yield of avocados.
The relationship between the applied
water and nitrate leaching is not as apparent. In this study, no correlation was
found between the amount of applied irrigation water and the leaching of nitrate
below the root zone. It may be that the differences in the amounts of applied water
in the three irrigation treatments were too
small to significantly affect the concentration of nitrate-N leached.
One observation clearly demonstrates
the role of applied water in nitrogen leaching. Fertilizer (0.75 lb N) was applied to
trees October 17,1989.Soon after, the soil
became too dry to obtain samples of soil
water. When irrigation was started again
in spring and it became possible to obtain
samples, concentrationsof nitrate-N in the
soil water were high (fig.2). In fact, they
were higher, on average, than the measured nitrate-N concentrationsfrom the
previous application of 0.75 lb N. The relatively high nitrate-N concentrationsmeasured after spring irrigation probably resulted from the accumulation over the dry
winter of leached nitrate in the soil.
Another observation concerned extreme variations in measured nitrate-N
concentrationsat the 27 sites in this orchard. This high variability in a field setting illustrates the need for large numbers
of replicates in any study of this nature. In
this study, the variabilitybetween sites
was determined by the sampling location
in the plot. In other words, sites close to
one another had similar patterns of nitrate
leaching. As distances increased between
sites, the differencesbetween the calculated dispersion of the nitrate-N also
increased.
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Normal and parthenocarpic shotberry fruit of
‘Manzanillo’olive.

Normal fruit set is up; shotberries are down. ..

Topical application of
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Topically applied ‘Sevillano’olive
pollen increased the percentage of
normal fruit set and reduced incidence of worthless shotberry
‘Manzanillo’olives. Applications
were effective up to 90 feet from
the pollen source.
The ’Manzanillo’ olive (Olea europaea) is
the preferred cultivar in California for processing into ”ripe” olives because it is uniform in size, firm and easy to process. It is
widely planted. When planted singly in
solid blocks, especially in locations isolated from other olive cultivars, it produces poor crops of normal, seeded fruit
and an abundance of the parthenocarpic
and commerciallyuseless fruit called
shotberries.
Pollen source can influence production
of normal and shotberry ’Manzanillo’olives. Although ’Manzanillo’ is self-compatible, seeded fruit increased and
shotberries declined when pollens of other
olive cultivars fertilized its flowers. In
those experiments,pollens from the olive

cultivars ‘Barouni’ and ’Sevillano’best improved production of seeded ‘Manzanillo‘
fruit and reduced incidence of shotberries.
Pollens from the cultivars ’Mission’ and
’Ascolano’ were less effective, whereas
self-pollinated ’Manzanillo’flowers produced the most shotberries and the lowest
number of seeded fruit. Those experiments suggest that some degree of selfincompatibilitymay occur within
Wanzanillo’.
When increased production is needed,
cross-pollination of ’Manzanillo’ is recommended. Ideally, ‘Manzanillo’ plantings
should include approximately 10% of another cultivar, preferably ’Sevillano’ or
’Barouni’, for optimal production.
Pollinizer trees should be planted in rows
across the direction of prevailing wind to
disseminate the pollen and promote crosspollination.
Growers usually do not want to commit 10%of their acreage to pollinizers for
’Manzanillo.’The market for other olive
cultivars, especially ’Barouni’ and
’Sevillano,’is limited and returns can be
substantially lower. Moreover, additional
cultivars in a grove complicate manage-
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ment; that is, harvest timing vanes and
pest control problems differ. Providing for
cross-pollinationfor ’Manzanillo’without
commitment of land would be of value to
industry. Here, we report results of an experiment to determine the feasibility for
topical application (dusting) of supplemental ’Sevillano’ pollen to promote production of normal h i t and reduce incidence of shotberries in ‘Manzanillo’.

Methods
The experiment was conducted during
1989 and 1990 in a mature, 232-acre block
of Rlanzanillo‘ olives managed by the S &
J Farming Company, Madera, California.
We selected a block with a chronic history
of poor annual production, including an
abundance of shotberries.The pollinator
of this block is ’Ascolano,’ unlike more
productive blocks on the ranch where every tenth row (10%of the acreage) is
planted to ’Sevillano’ for pollination. Due
to poor performance of the ’Manzanillos’
in this block, the ‘Ascolanos’ were
regrafted to ’Sevillano’in 1989. No
‘Sevillano’bloom developed on the new
grafts that year; the second year, any flowers were removed before bloom. Thus,
within the plot, only Rlanzanillo‘ pollen
was present during the test years.
Thirteen rows of ‘Manzanillo’trees,
planted 30 feet apart east-west across the
direction of the prevailing wind, were selected for the experiment. Four times during the bloom, 30 grams of undiluted
’Sevillano’ pollen per acre were
supplementally applied to the northernand two southernmostrows of the experimental plot. Rows 2 through 10 did not rePollen being applied to experimental rows.
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Fig. 1. Experimental layout of transects.
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Prevailing
wind N.W.

ceive direct supplementalpollen applications. Applicationswere made at the beginning of ‘bloom,two times during
midbloom, and a final application at approximately 50%petal fall. A total of 120
grams of ‘Sevillano’ pollen was applied
per treated acre each year of the experiment. The supplementalpollen was
dusted onto the trees by metering it
through a modified leaf blower mounted
on an all terrain car (ATC)traveling approximately 15 miles per hour down the
designated rows (see photos. p. ).
We measured normal seeded and
shotbeny fruit production on individual
trees in ten transects (replications)at fivetree intervals traversing the 13 experimental rows. The transects were oriented from
north to south across the east-west rows
(fig. 1).Each year before bloom, but when
inflorescencescould be distinguished, we
selected ten 1-year-old flowering shoots on
each tree (five on the north and five on the
south side) in each transect for observation. Selected shoots were approximately
18 to 24 inches long and contained between 10 and 20 inflorescences.The inflorescences were counted back from the terminal, a tag placed at that point and the
number of inflorescencesrecorded on the
tag. The same transects and observation
trees were used each year of the experiment.
Two months followingbloom, seeded
and shotberry fruits were determined on
each tagged shoot. Seeded and shotbeny
fruit per inflorescencewere calculated for
each observation tree in each row. The resulting data were analyzed by analysis of
variance (ANOVA) and Scheffe’s post hoc
test to determine the effect of distance
from the topically applied pollen source
on seeded and shotbeny fruit production.
The ’Sevillano’ pollen used in the experiment was obtained from commercial
sources each year. Its viability was determined before treatment using the fluorescein diacetate (FDA)test and found to be
46.9%for 1989 and 54.5%for 1990. Such
viability is consistent with that reported
for olive pollen by other researchers.
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Fig. 2. Number of normal and shotberry fruit
per inflorescence of ‘Manzanillo’olive across
north-south transect after four topical applications of ‘Sevillano’pollen to each end of the
transects in 1989 and 1990. (Solid lines indicate seeded fruit: dotted lines indicate shotberry fruit. Each data point represents mean
fruit per inflorescence for 10 inflorescences
from each of 10 tree replications per row. Bars
represent two times the standard error of the
mean.)
~

Results
Normal, seeded ‘Manzanillo’fruit set
decreased and incidence of shotberry
fmits increased with distance from topical
applications of supplemental ’Sevillano’
pollen (fig.2).
1989 results. Normal fruit set ranged
from a high value of 0.34 per flower in a
row where pollen was applied to a low of
0.06 fruit per inflorescence90 feet away
from the single row and 210 feet from the
two rows dusted with pollen. The number
of shotbemes was highest 120 feet from
the nearest pollen application and lowest
in a row where pollen was applied (fig. 2).

Highly significant reductions (P< 0.01) in
seeded fruit occurred at distances greater
than 60 feet, and increases in parthenocarpic shotberries occurred at distances
greater than 120 feet from the topically applied supplemental ’Sevillano’ pollen
(table 1).
1990 results. Set of normal, seeded
fruit was higher in 1990 than in 1989.
Seeded fruit per inflorescenceranged from
0.49 in the single row where pollen was
applied to a low value of 0.14 per inflorescence 120 feet and 170 feet from the two
pollinated rows. Shotberry numbers were
highest 150 feet from the nearest pollen
application and lowest in the row where
’Sevillano’ pollen was topically applied
(fig. 2). A highly significant reduction
(P< 0.01) in mean normal fruit and a highly
significant increase in shotbemes per inflorescenceoccurred at distances greater
than 90 feet from the topical application of
supplementalpollen (table 1).

Discussion
Cross-pollinationis known to improve
seeded fruit set and to reduce incidence of
worthless shotberries in ’Manzanillo’
olive. The work reported here clearly demonstrates that topical applications of pollen can be a feasible substitute for committing land to a pollinizer cultivar. In our
experiments,percent fruit set of normal
seeded ‘Manzanillo’fruit was significantly
improved; incidence of shotberries was
significantly reduced among those
fruit in close proximity to topically applied, supplemental ’Sevillano’ pollen.
Olive is an evergreen species where a
dense canopy of leaves can impede dissemination of windbome pollen. In this
work, seeded fruit set was significantly reduced at distances greater than 60 to 90
feet from the pollen source, and shotberries significantly increased at distances
greater than 120 feet. These data suggest
supplementalpollen should be applied a
intervals not exceeding 60 feet - every
third middle in an orchard having a 30foot row spacing.
We applied the 30 grams per treated
acre of undiluted supplementalpollen
four times during bloom. Such a treatment
costs approximately $110 per treated acre.
Further work is needed to better establish
required rates of pollen per acre and frequency of topical application for optimal
results. The effects of topical applications
of supplementalpollen to other olive cultivars need to be studied.
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