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Abstract. Fruit set in northern highbush blueberry (Vaccinium corymbosum L.) can be
low under certain climatic conditions, contributing to reduced yields in northwestern
Washington. Themechanisms influencing fruit set are complex, but reduced fruit set may
be associated with inadequate nutrient availability during critical stages of flowering,
ovule fertilization, and initial fruit development. Calcium (Ca) and boron (B) are of
particular interest for reproductive developmental processes and are frequently applied
annually by growers in the Pacific Northwest region because of the perception that these
nutrients enhance fruit set and corresponding yields. Evaluation of commonly applied
products containing these nutrients and their effects on fruit set and yield are of specific
importance to justify the application of these nutrients. To address this, commercially
available fertilizers containing Ca and B were applied to ‘Draper’ and ‘Bluecrop’
blueberry as foliar sprays, either alone or in combination, during the 2015 and 2016
growing seasons in northwestern Washington. Treatments included calcium chloride
(750 and 1500 ppmCa), calcium sulfate (150 ppmCa), and tetra borate (125 and 250 ppm
B) foliar sprays, repeated six times per season every 7–10 days from early pink bud
through petal fall. No significant increases were observed for fruit set, estimated yield,
and fruit quality (firmness and berry weight) across the treatments. Increased
concentrations of B were observed in leaf tissues in 2015 and 2016, and to a lesser extent
fruit tissues. Calcium remained unchanged regardless of treatment and tissue type.
Under the conditions of this study, foliar applications of Ca and B did not lead to
increased fruit set or yield. This research suggests that other approaches should be
explored to increase fruit set and corresponding yields of highbush blueberry grown in
northwest Washington.

Pollination deficits and subsequent low
fruit set remain among the most important
horticultural challenges to sustained yields of
highbush blueberry in northwestern Wash-
ington (Washington Blueberry Commission,
2017). Washington State is a part of the
Pacific Northwest (PNW), which is a major
blueberry production region, contributing
significantly to global production of both
conventional and organic highbush blue-
berry. In 2016, Washington State was the
nation’s leading producer of blueberries with
over 54.4 million kg of berries harvested
from 5423 ha and a production value of about

$94 million (USDA, 2016). Blueberry
growers in the PNW frequently apply Ca
and B foliarly as annual applications for field
maintenance and promotion of fruit set and
crop yields. This practice is often done re-
gardless of plant nutrient status and despite
a lack of evidence supporting their regular
use for this specific purpose. The goal of this
project was to evaluate the impact of foliar
applications of Ca and B and assess whether
these practices should be recommended to
promote fruit set and subsequent yields in
highbush blueberry grown in the PNW.

Pollination and ovule fertilization in high-
bush blueberry normally occurs over a 5- to
12-d period on a per flower basis (Dogterom
et al., 2000). Pollination may be constrained
in this short time-period because of marginal
weather conditions that reduce honeybee
(Apis mellifera L.) activity (i.e., air temper-
ature <12 �C, wind speed >20 kph) and
nutrient deficiencies (Tuell and Isaacs,
2010). Reproductive tissues (i.e., pollen,
ovules, and developing embryos) are sensi-
tive to nutrient concentrations in the flower
and stem tissues (May and Killingbeck,
1992). Increased availability of nutrients involved
in pollen tube elongation, plasma-membrane

functioning, and other reproductive pro-
cesses critical for fertilization and berry de-
velopment, specifically Ca and B, could
potentially increase fruit set under conditions
that are otherwise limiting (Kumar et al.,
2016; Muengkaew et al., 2017).

Blueberry plants are calcifuges, requiring
low soil pH and having generally efficient
uptake of Ca relative to other temperate fruit
crops (Taiz and Zeiger, 2002). Calcium
movement and distribution within the blue-
berry plant varies by cultivar (Strik and
Vance, 2015). Despite sufficient leaf Ca
concentrations (0.41% to 0.8% Ca; Hart
et al., 2006), limited movement of Ca from
leaf and stem tissues into developing repro-
ductive tissues may lead to deficiencies, re-
ducing fruit quality and, in some cultivars
(e.g., ‘Draper’), causing poor fruit develop-
ment and premature fruit drop (Gerbrandt,
2015). Calcium mobility is often limited due
to relatively low rates of fruit transpiration
(2.5–3.0 mmol CO2/kg/h) compared with
leaves, thereby limiting the movement of
dissolved Ca in the xylem to fruit (Angeletti
et al., 2010).

Calcium (Ca) is involved in fruit abscis-
sion and pollen tube growth (Brewbaker and
Kwack, 1963; Malho and Trewavas, 1996).
Calcium deficiency can reduce the strength
of the middle lamella and consequently
make cells more prone to shearing, leading
to fruit abscission (Glenn et al., 1988;
Gough and Litke, 1980). Low Ca concen-
trations in the pollen of primrose (Primula
officinalis L.) and butcher’s broom (Ruscus
aculeatus L.) have been correlated with
reduced rates of pollen germination, with
some dependence of germination on Ca
levels found within the stigma (Bednarska,
1991; Brewbaker and Kwack, 1963; Taylor
and Hepler, 1997). Calcium concentrations
in the stigma and style may similarly impact
the effectiveness of pollen germination and
tube elongation, as suggested in studies in
tobacco (Nicotinia tabacum L.) and Japa-
nese pear (Pyrus pyrifolia L.) (Ge et al.,
2009; Hiratsuka et al., 2002). To improve
pollen viability and fruit set, Ca is often
applied alone or mixed with other foliar-
applied agrochemicals during bloom and
throughout the growing season in highbush
blueberry grown in the PNW. Growers also
apply foliar Ca because preharvest applica-
tions may increase fruit firmness, an impor-
tant attribute of quality for fresh fruit
(Angeletti et al., 2010). Calcium is rarely
soil applied in blueberry, in part because it
has been shown to inconsistently affect leaf
and fruit Ca levels and has had no effect on
berry yield, size, or firmness based on
studies conducted in Michigan (Hanson
and Berkheimer, 2004). However, there
is risk when applying commercial Ca-
containing foliar fertilizers, specifically for
formulations that contain calcium chloride.
High rates of calcium chloride can cause leaf
phytotoxicity because of blueberry’s sensi-
tivity to the chloride ion, especially in young
blueberry plants (Retamales and Arredondo,
1995).
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Boron (B) is an important micronutrient
for plant growth. In blueberries, B may be
especially important for pollen germination
and cell elongation (Retamales and Hancock,
2012). Boron is often deficient in blueberry
production in western Washington and Ore-
gon, and this is exacerbated by dry weather
and heavy crop loads (Marshner, 1995).
Boron in the soil reaches plant roots largely
through mass flow; deficiency is common in
soils with low organic matter, sandy/coarse
texture, or both (Goldberg, 1997). The dif-
ference between sufficiency and toxicity of B
is marginal in plants, including blueberry.
Typically, B is not applied at concentrations
higher than 500 ppm in blueberry because of
the risk of phytotoxicity (Hart et al., 2006).
Although B is readily absorbed and mobile
within the xylem of plants, making foliar
applications during the dynamic growth
phase, occurring during floral development,
pollen germination, fertilization, and early
berry development, may increase absorption
and movement to targeted tissues (Brown and
Hu, 1996; Lord and Russell, 2002). This
intense period of development is metaboli-
cally demanding, and plant nutrient levels at
this stage may have far-reaching conse-
quences on fruit set, berry weight, yield,
and fruit composition at harvest to various
degrees across cultivars. Annual applications
of B are recommended in blueberry based on
tissue nutrient analyses, but the justification
and impact of these applications on promot-
ing fruit set is largely unknown in the PNW
region (Hart et al., 2006).

The application of Ca and B as foliar
nutrients in early spring may improve pollen
health and ovule fertilization, as well as fruit
set, berry development, and subsequent berry
yields. It is hypothesized that application of
these nutrients during the dynamic growth
stages of flower and fruit development, when
these nutrients may be limiting, will be most
effective at enhancing these variables asso-
ciated with yield. Therefore, a trial was
conducted with the objective to investigate
whether foliar Ca and B applied from early
pink bud to petal fall would increase fruit set,
yield, and attributes of berry quality (size and

firmness) in highbush blueberry grown in
northwest Washington.

Materials and Methods

The experiment was conducted in 2015
and continued with slight alterations in 2016
in northwestern Washington. Four locations
were used with two locations for the cultivar
‘Bluecrop’ (Skagit, WA; location 1: lat.
48�46#N, long. 122�42#W; location 2: lat.
48�55#N, long. 122�38#W) and two locations
for the cultivar ‘Draper’ (Whatcom, WA;
location 3: lat. 48�99#N, long. 122�24#W;
location 4: lat. 48�97#N, long. 122�43#W).
All locations were commercial farms of
mature northern highbush blueberry man-
aged with standard commercial practices
(Strik et al., 1993). All sites had a history of
Ca and B application, with both nutrients
being applied across all sites the year prior.
No additional Ca and B were applied to the
treated plants throughout the duration of the
study outside of the treatments described in
this study. Rows were spaced 3.0 m apart
with perennial grass in the alley. Plants were
drip irrigated at all locations. All sites were
conventionally grown except location 2,
which was certified organic. Pollinators were
placed in the field at �10% bloom and
remained through petal fall. Pollinators were
stocked at the industry recommended rate of
�8 hives/hectare. Soil series were location
1 (Skagit silt loam), location 2 (Field silt
loam, protected), location 3 (Pangborn muck,
drained), and location 4 (Sumas silt loam;
USDA, 2017). All sites were grown in raised
beds with douglas-fir (Pseudotsuga menziesii
L.) sawdust mulch. Treatments were arranged
in a randomized complete block design with
four replicates of each experimental unit
(plot) at each location (Table 1). Plots com-
prised five contiguous plants in a row, and the
row was considered a block. Data were
collected on the inner three plants per plot.
Trial locations remained the same for the
duration of the experiment.

Treatments were applied every 7–10 d
from the early pink bud stage and continuing
through petal fall for a total of six applications

per year (Michigan State University Exten-
sion, 2016). Treatments applied were four
commercially available Ca and B foliar
products, which were evaluated at each loca-
tion. All products were applied within label
rates and according to the manufacturer’s
instructions. Nine treatments were applied
in 2015 and 2016 (Table 1). In 2016, the Low
Ca and Low B treatments were dropped
because of a lack of treatment effects and
limited plot space for additional treatments of
interest to be evaluated with grower cooper-
ators. The high-rate treatments were main-
tained, and alternative Ca and B products
were added based on grower cooperator in-
terest. New treatments included in 2016 were
referred to as ‘‘Alt B’’ and ‘‘Alt Ca,’’ re-
spectively (Table 1). New treatments were
not applied at location 2 (certified organic
site). Alt Ca was applied at the same timing as
other applications, but was applied to the soil
surface rather than to the leaves (as directed
on the label). Treatment solutions were
mixed in accordance with manufacturer’s
labels and did not include a surfactant. All
products were liquid formulations with the
exception of Low and High B, which were
dry flowables, mixed with distilled water.
Treatment applications were applied to drip
with a hand sprayer (Model 1401P; Flo
Master, Lowell, MI) in accordance with the
product labels.

Soil samples were collected before treat-
ment application in the first week of Mar.
2015 and during the last week of Sept. 2016.
Soil samples were collected to evaluate the
location conditions and to determine if soil
nutrients differed within a site. Two cores
were taken from each side of the raised bed
per plot, and samples were pooled by block
within sites. Samples consisted of a 7-cm-
diameter core taken from the raised beds
between plants and within the drip line
irrigation zone to a depth of 15.5 cm after
removing the mulch material from the sur-
face of the raised bed. In the final week of
July of both years, leaf tissue samples were
collected from the most recent fully ex-
panded leaves. Five leaves were collected
per plant from the inner three plants per plot.

Table 1. Commercial calcium (Ca) and boron (B) foliar fertilizers applied to ‘Bluecrop’ and ‘Draper’ blueberry grown in northwestWashington in 2015 and 2016.
Table lists treatment identification, year applied, product name, chemical formulation and form, rate, and concentration (in ppm).

Treatment identificationz Yr appliedy Product name Chemical form Form Rate (kg·ha–1)x Concn (ppm)

Untreated (control) 2015/2016z — — — — —
Low B 2015 Solubor� Disodium octaborate tetrahydrate Powder 1.5 125
High B 2015/2016 Solubor� Disodium octaborate tetrahydrate Powder 3 250
Low Ca 2015 Phyta-Cal QC Calcium chloride Liquid 37 750
High Ca 2015/2016 Phyta-Cal QC Calcium chloride Liquid 74 1500
Alt Ca 2016 LiberateCa Calcium sulfate Liquid 20 150
Low combo 2015/2016 Phyta-set QC Calcium chloride and sodium tetraborate Liquid 50 125/750w

High combo 2015/2016 Phyta-Set QC Calcium chloride and sodium tetraborate Liquid 100 250/1500
Alt B 2016 microLink B + Mn Sodium borate and manganese sulfate Liquid 13 165/130
zTreatments were applied according to manufacturer’s recommendations from early pink bud to petal fall every 7–10 d for a total of six applications per year.
yLow Ca and Low B treatments were removed in 2016 because of insignificant treatment effects and replaced with alternative (Alt) products, Alt Ca and Alt B;
High Ca, High B, High. Combo (Ca + B) applied in both 2015 and 2016.
xApplication amount given as L·ha except for Low and High B which are kg·ha–1.
wConcentration corresponds to the treatment, except for the combination treatment where B is listed before Ca and for the Alt B treatment, where B is listed first
followed by Mn.
vSolubor� is manufactured by Rio T into, Greenwood Village, CO. Phyta-Cal QC and Phyta-Set QC are manufactured by California Organic Fertilizers Inc.,
Fresno, CA. MicroLink B + Mn and LiberateCa are manufactured by AgroLiquid, St. Johns, MI.
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Replications were pooled within each loca-
tion. Samples were collected and prepared
in accordance to Hart et al. (2006). Col-
lected leaf samples were analyzed for micro-
and macronutrients (Brookside Laboratories,
New Bremen, OH). Nitrogen concentration
was determined using a combustion analyzer
(Model CNS-2000; LECO Corp., St. Joseph,
MI), whereas Ca and Bwere measured using a
plasma optical emission spectrometer (Optima
3000DV; Perkin Elmer,Wellesley, MA) after
microwave digestion in 70% (v/v) nitric acid
(Gavlak et al., 2003).

Before fruit set, the total number of canes
per plant within each plot was counted. Two
mature canes per plant were randomly se-
lected, and all developing flower/fruit clusters
on those canes were counted. Two clusters, the
third from the shoot apex, on each of the
selected canesweremarkedwith flagging tape,
and individual flowers were counted (four
laterals per bush). In 2015, full bloom occurred
during the third and fourth weeks of April in
‘Bluecrop’ and the first and second weeks of
May for ‘Draper’. In 2016, full bloom occurred
in the first and second weeks of May for
‘Bluecrop’ and the second and third weeks of
May for ‘Draper’. About 20 d after petal fall,
flagged clusters were reevaluated, and berries
per cluster were counted to determine fruit set.
The average berry number per bush was
estimated for the inner three plants per plot
using the equation: berry number per bush =
(cane number per bush) · (number fruit
clusters per cane) · (average berry number
per cluster) (DeVetter et al., 2016). Note that
the number of fruiting clusters per cane was
determined from two randomly selected canes
per bush and average berry number per cluster
was determined by taking the average of two
randomly selected clusters for one cane. Yield
per bush was subsequently estimated by using
the following formula: estimated yield = (berry
number per bush) · (average berry weight). At
fruit maturity and before commercial harvest
(the first and second weeks of July for both
years in ‘Bluecrop’ and ‘Draper’, respec-
tively), fruit samples (n = 30 per plot) were
collected to determine average berry weight. A
subsample (n = 20 per plot) of harvested
berries was measured for firmness (FirmTech
II machine; BioWorks Inc., Wamego, KS).
The FirmTech equipment was set up with
maximum and minimum compression forces
of 200 g (1.96 N) and 15 g (0.15 N), re-
spectively. Piston speed was configured to
6 mm·s–1 (Ehlenfeldt andMartin, 2002; Saftner
et al., 2008). After weight and firmness
measurements, sampled fruit were analyzed
for micro- and macronutrients as described
earlier for leaf tissue nutrients.

Air temperature, precipitation, and solar
radiation were measured at 15 min in-
crements for the experimental observa-
tion periods (1 Mar. through 31 May) by
Washington State University AgWeatherNet
(WSU AgWeatherNet, 2017; data provided
courtesy of WSU AgWeatherNet and are
copyright of WSU). Weather station sites
were no more than 3.2 km from the experi-
ment locations.

Data were analyzed using Ime4 (CRAN
package R-studio) for a randomized block
design. The overall effects of location, year,
and cultivar were analyzed with Cor and Cov
functions in R-studio for the five treatments
applied in 2015 and 2016 (Table 1). Mean
separations were performed with Tukey’s
honestly significant difference test (AGRICOLE
package R-studio). Data were presented by
year and cultivar because of significant year
and cultivar effects. After accounting for
cultivar effects, there was no significant
effect of location (site). The effects of culti-
var and year on measured variables were also
analyzed using a two-way analysis of vari-
ance. Weather data were not subjected to
statistical analysis and are presented as nu-
merical mean comparisons by cultivar and
year, as cultivars were grown in separate
counties (Table 4). Soil data were likewise
not statistically analyzed but were used to
determine if variation in soil nutrient levels
were present in the study. All statistical
analysis was carried out in R-studio statistical
platform, using the ‘‘cran’’ and ‘‘agricolae,’’
and ‘‘ggplot’’ statistical packages (deMendiburu,
2014; RStudio Team, 2015; Wickham,
2009).

Results

Soil, leaf, and fruit nutrients. Targeted Ca
applications did not lead to significant differ-
ences in Ca concentrations in leaf tissue. Leaf
B concentrations in High B–treated plots
were increased significantly compared with
the control (�54% for ‘Draper’ and �37%
for ‘Bluecrop’) in 2015 (Table 2). In 2016,
leaf B concentrations in plants treated with
High B were significantly increased com-
pared with the control in ‘Draper’ (�49%
increase), but not ‘Bluecrop’. The Alt B

treatment statistically increased leaf B con-
centrations in both ‘Draper’ and ‘Bluecrop’
plants in 2016 (50% and 41%, respectively).
The Ca and B concentrations of ripe berries
collected �3 d before commercial harvest
were not significantly different regardless of
the cultivar or applied treatments in 2015 and
2016. The soil nutrient composition within
and across sites did not differ significantly at
either sampling date (data not shown).

Fruit set, estimated yield, and berry
weight and firmness. Fruit set was relatively
low in both years of the study averaging 85%
in the untreated plots. In 2016, we observed
�14% lower fruit set across all locations than
in 2015, with the average fruit set of ‘Blue-
crop’ fields �22% lower in 2016 than 2015
and �5.5% lower in ‘Draper’ fields between
the same years. There were no significant
differences in fruit set of treated plots com-
pared with the untreated control (Table 3).
Similarly, there were no significant differ-
ences in estimated yield of treated plants
compared with the untreated control (Ta-
ble 3). Berry weight and fruit firmness were
the same across treatments (Table 3; data not
shown for firmness).

Weather conditions.Data taken between 1
Mar. and 31 May 2015 and 2016 indicated
that the two geographic areas and pollination
periods differed with respect to temperature,
precipitation, and solar radiation (data not
shown). The full bloom period for ‘Bluecrop’
was the third and fourth weeks of April in
2015 and the first and second weeks of May
in 2016; the full bloom period for ‘Draper’
was first and second weeks of May in 2015
and second and third weeks of May in 2016,
respectively (Table 4). The average daytime
temperature during the pollination period in
western Washington in 2015 was 2.5 �C
higher than 2016 (Table 4). The bloom date

Table 2. Leaf and fruit tissue nutrient concentrations in highbush blueberry grown in northwest
Washington in 2015 and 2016 after treatment with commercial calcium (Ca) and boron (B)
fertilizers. Results show analyses based on dry weights for leaf samples collected late July and
whole harvested fruit in 2015 and 2016 (n = 20 per site with two sites per cultivar).

Bluecrop Draper

Leaf Leaf Leaf Fruit

Ca (%) B (ppm) Ca (%) B (ppm) Ca (%) B (ppm) Ca (%) B (ppm)

2015
Untreated (control) 0.57 47 6 az 0.05 7.5 0.76 38.9 a 0.05 8.0
Low By 0.61 59.6 ab 0.05 9.3 0.81 55.5 ab 0.05 12.6
High B 0.63 75.7 b 0.04 13.7 0.85 84.2 b 0.06 15.7
Low Ca 0.60 48.6 a 0.06 11.3 0.82 38.5 a 0.05 8.9
High Ca 0.62 60.8 ab 0.04 9.5 0.80 39.8 a 0.05 12.3
Low combo 0.57 62.8 a 0.04 6.9 0.81 38.6 a 0.04 8.1
High combo 0.62 69.5 ab 0.05 8.2 0.78 36.6 a 0.05 10.4
P value NS

x 0.0175 NS NS NS 0.0306 NS NS

2016w

Untreated (control) 0.64 55.1 a 0.05 10.2 0.75 43.7 a 0.04 10.0
High B 0.69 63.5 ab 0.04 14.3 0.84 85.7 b 0.04 11.5
Alt B 0.64 93.1 b 0.05 16.7 0.75 87.3 b 0.05 11.7
High Ca 0.72 46.1 a 0.05 9.8 0.77 44.6 a 0.05 8.3
Alt Ca 0.80 52.7 a 0.05 13.5 0.86 43.8 a 0.05 10.2
High combo 0.67 63.1 ab 0.04 14.8 0.74 47.2 a 0.04 12.3
P value NS 0.0272 NS NS NS 0.0372 NS NS

zLetters of difference, with the same letters within a column denoting not significant at a = 0.05.
yIndicates Low and High concentration of treatments.
xIndicates no significant difference (NS) at a = 0.05.
wTreatment changes in 2016 included removal of Low Ca and Low B treatments and the addition of Alt B
and Alt Ca.
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was �2 weeks earlier in 2016 than 2015,
though the harvest dates were the same.
Precipitation differed by �1 cm with more
precipitation in the timeframe between
March to May of 2016 than 2015. Total
precipitation during the pollination period
was 42 and 65 mm in 2015 and 2016,
respectively. Solar radiation from 1 Mar. to
31 May was greater in 2015 in western
Washington, averaging 218 W/m2 compared
with 183W/m2 in 2016. These environmental
variables demonstrate the differences in
weather conditions between 2015 and 2016.

Discussion

The goal of this study was to evaluate the
effect of foliar applications of Ca and B on
fruit set, yield and the fruit quality charac-
teristics of berry size and firmness. Under the
conditions of our study, foliar applications of
Ca and B, either alone or in combination, did
not improve fruit set, yield, or our measured

attributes of berry quality, berry weight and
firmness. Application of foliar B at the high-
est label rate did increase leaf tissue B
concentrations, however, fruit tissue B and
Ca concentrations remained unchanged
under the conditions of this experiment
(Table 2).

Leaf Ca concentrations were not in-
creased with applications of calcium chloride
or calcium sulfate, and the use of the low or
high label rates did not impact leaf or fruit
concentrations in our study (Table 2). Leaf
Ca concentrations in ‘Bluecrop’ remained
within the recommended sufficiency range
of 0.41% to 0.8% (Hart et al., 2006), whereas
some ‘Draper’ plots were found to have leaf
nutrient concentrations exceeding this range.
However, Strik and Vance (2015) demon-
strated that ‘Draper’ tends to have greater
concentrations of leaf Ca compared with
other cultivars of highbush blueberry com-
monly grown in the PNW.Therefore, ‘Draper’
may naturally have higher concentrations

of Ca because of cultivar genetics that impact
Ca uptake and partitioning in the plant.

The application rates may have been in-
sufficient to increase Ca concentrations in
fruit. Increased rates of Ca may be necessary
to overcome the immobility of Ca in the leaf
(Biddulph et al., 1959). Studies have shown
that foliar Ca applications must penetrate the
leaf cuticle or the uptake will be limited
(Schlegel and Sch€onherr, 2001). Caution is
necessary if evaluating higher application
rates, as chloride-containing calcium prod-
ucts can cause phytotoxicity. Although we
followed label recommendations and did not
use a surfactant when applying treatments,
Ca uptake may have been improved had we
mixed the product with a surfactant. The
addition of a surfactant would have reduced
the surface tension of spray droplets and may
have improved penetration across the cuticle
and into leaf or floral tissues (Harker and
Ferguson, 1991; Hess and Foy, 2000).

It is also possible that the Ca application
timing may not have been aligned with the
optimal plant uptake through foliage. We
applied Ca during bloom through petal fall
intending to optimize Ca availability during
pollination and fertilization, targeting rapidly
developing floral and fruit tissues. Therefore,
leaves were not fully expanded and mature at
the time of application. This application
timing also aligns with grower practices,
allowing us to test the efficacy of this
practice. In addition, applying Ca during
Phase I of berry development (rapid cell
division), when Ca is more readily absorbed
into young fruit from the transpirational
stream, may more effectively increase Ca
concentrations in leaves and fruits (Biddulph
et al., 1959; Milthorpe and Moorby, 1969).
The results of this study support those of
Vance et al. (2017), who found foliar Ca
applications did not increase leaf or fruit
Ca concentrations and had no impact on
fruit quality and shelf life in blueberry
and other small fruit crops [blackberry
(Rubus L. subgenus Rubus), strawberry
(Fragaria ·ananassa), and red raspberry
(Rubus idaeus)] grown in Oregon. The in-
vestigators in this study targeted applications
to the later phases of fruit development, with
Ca applications starting at the early green
fruit stage and were repeated three or four
times per year.

We used foliar-applied B timed with the
presence of flowers to determine if pollen
health and germination could be improved, as
would be evidenced by increased fruit set and
possibly berry size. Because of a lack of
a treatment effect between the Low and High
B treatments, the Low B treatment was
removed in 2016. The ineffectiveness of the
Low B treatment and the slight increase in
tissue B concentrations realized by the higher
application rates of the same product lead us
to feel justified in this treatment adjustment.
Leaf B concentrations were within the ac-
cepted range of 41–80 ppm for 2015 and
2016 in ‘Bluecrop’ (Hart et al., 2006). How-
ever, leaf B concentrations in ‘Draper’ were
in excess of the sufficiency standards for

Table 3. Fruit set (n = 20 per site with two sites per cultivar), estimated yield (n = 12 plants per site with two
sites per cultivar), and fruit weight (n = 30 per site with two sites per cultivar) of ‘Bluecrop’ and
‘Draper’ blueberry after treatment with commercial calcium (Ca) and boron (B) foliar fertilizers in
northwest Washington in 2015 and 2016.

Fruit set (%)z Estimated yield (kg/plant)y Fruit wt (g/fruit)x

Bluecrop Draper Bluecrop Draper Bluecrop Draper

2015
Control 87 88 3.5 4.2 1.99 2.09
Low B 88 76 4.0 3.6 2.08 2.12
High B 82 79 3.4 3.4 2.00 2.17
Low Ca 86 80 3.8 3.7 1.96 2.17
High Ca 83 87 4.1 3.5 2.04 2.07
Low combo 98 86 3.4 3.7 1.93 2.02
High combo 95 88 4.1 4.0 1.94 2.06
P value NS

w
NS NS NS NS NS

2016v

Untreated 65 82 2.8 5.9 1.93 3.12
High B 64 78 2.7 6.3 1.97 2.98
Alt B 62 78 2.6 7.2 2.09 3.08
High Ca 61 80 2.5 7.0 2.01 2.90
Alt Ca 66 85 2.2 6.2 2.12 2.73
Low combo 78 75 2.9 6.1 2.10 2.71
High combo 68 83 3.3 5.9 2.11 2.83
P value NS NS NS NS NS NS

zFruit set determined from the third distal cluster on four laterals per bush per treatment and replicate.
yEstimated yield is presented on a per plant basis and was determined bymultiplying the total cane number
per plant by the average fruiting cluster number per cane (determined from two canes per plant) by the
average berry number per cluster (determined from four clusters per plant) the by average berry weight per
treatment.
xAverage berry weight determined from 30 berry samples per plot.
wIndicates no significant difference (NS) at a = 0.05.
vTreatment changes in 2016 included removal of Low Ca and Low B treatments and the addition of Alt B
and Alt Ca.

Table 4. Average air daytime temperature, cumulative precipitation, and average solar radiation for the full
bloom periods of ‘Bluecrop’ and ‘Draper’ blueberry grown in Skagit and Whatcom counties, WA,
respectively.

2015 2016

Bluecropz Draper Bluecrop Draper

Air temperature (�C)y 14.5 16.4 10.8 14.74
Total precipitation (mm) 10 8 28 11
Solar radiation (W/m2) 356.8 367.0 259.3 344.3
z‘Bluecrop’ was cultivated in Skagit County, whereas ‘Draper’ was cultivated in Whatcom County. The
full bloom period for ‘Bluecrop’ was the third and fourth weeks of April in 2015 and the first and second
weeks of May in 2016; the full bloom period for ‘Draper’ was first and second weeks of May in 2015 and
second and third weeks of May in 2016, respectively.
yWeather data were collected every 15 min and are presented by cultivar pollination period; data are
provided courtesy of WSU AgWeatherNet and are copyright of WSU.
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High and Alt B treatments in both 2015 and
2016. Phytotoxicity risk with foliar B is
mentioned in the literature for a variety of
small fruit crops (Chang et al., 2004; Cheour
et al., 1990; Morris et al., 1980; Retamales
and Arredondo, 1995); however, no phyto-
toxicity damage was observed in our study.

The only significant difference in leaf B
was seen in plants treated with High B and
Alt B, with Alt B also having manganese in
its formulation (Mn; Table 1). Manganese
was added to the mixture because studies
have suggested B uptake may be improved
with the addition of Mn (Fageria, 2001;
Henderson and Veal, 1948). The Alt B
treatment supplied 165 ppm of B compared
with the 250 ppm of B in the High B
treatment, but both resulted in a similar in-
crease in leaf B concentration. This suggests
the Mn may have improved the uptake of B
and required less overall B for the same
result. The use of Mn in conjunction with B
to lower the overall concentration of B
applied while still maintaining the efficacy
of a higher rate, as used in studies with
‘Draper’ green fruit drop (discussed below;
Gerbrandt, personal communication), may be
beneficial in avoiding rates of B that could
cause phytotoxicity. Despite differences in
leaf tissue B concentrations, no effect was
observed for fruit set, yield, berry size, or
firmness. While leaf and fruit B concentra-
tions were not of main concern, it is in-
teresting that despite elevated leaf B
concentrations in the High B and Alt B
treatments, an increase in B in fruit tissues
was not observed. The mobility of B in plants
has been shown to be species dependent, and
our study suggests B mobility from leaf to
flower/fruit tissues may be limited in high-
bush blueberry (Brown and Hu, 1996; Brown
and Shelp, 1997).

The lack of fruit set improvement is not
surprising given that fruit Ca and B concen-
trations did not change even when leaf
nutrient concentrations were increased. As
stated earlier, regardless of treatment, ele-
vated leaf B concentrations did not lead to
elevated fruit B concentrations or correlate
with fruit set and berry weight improvements,
which would have been expected if pollina-
tion and fertilization were improved. Thus,
any anticipated benefits to reproductive or-
gans or mature berries would be unlikely to
occur. Likewise, the absence of increased
leaf and fruit Ca concentrations made Ca
treatment effects in fruit set, berry size, and
firmness unlikely. Calcium in other fruits,
such as apples (Malus domestica), has been
shown to enter fruit while young and tran-
spiring, possibly due to an increased stomatal
number or function during the first weeks of
fruit growth and development (Schlegel and
Sch€onherr, 2002; Wilkinson, 1968). Target-
ing the dynamic growth phase during early
bloom and fruit set did not appear to suffi-
ciently increase fruit nutrient levels in blue-
berry, and this may be due to a reduced
number or function of stomata in early fruit
development; stomatal function in blueberry
leaves and fruit are not fully understood

(Vance et al., 2017). Sufficient Ca may not
have been applied after fruit set and during
the initial phases of berry development to
observe an effect. In addition, spray applica-
tions in a commercial setting are typically
applied with air blast sprayers; however,
because of the size and set up of this
experiment a hand sprayer was used. The
difference in coverage and droplet size be-
tween these two methods of application may
have impacted the efficiency and uptake of
nutrients.

Premature drop of green fruit before
harvest, commonly referred to as ‘‘Draper
drop,’’ impacted yield of ‘Draper’ plants in
2016 (there was no perceivable drop in 2015).
This yield loss due to fruit drop is not
reflected in the yield increase from 2015 to
2016, which is likely due to differences in
percentage fruit set between years. The lack
of ‘Draper’ fruit drop in 2015 may have been
due to environmental effects, as the spring/
summer of the 2015 season was warmer and
dryer (3% and 19%, respectively) with more
solar radiation than 2016 (Table 4); it has
been anecdotally observed that fruit drop in
‘Draper’ is exacerbated by cool and overcast
conditions during early fruit development
(Gerbrandt, personal communication).

In addition to cultivar specific fruit drop,
there is a strong positive relationship between
warmer, drier weather conditions and forag-
ing of honeybees, the primary pollinator of
highbush blueberry (Seeley 2009; Tuell and
Isaacs, 2010). Fruit set in ‘Bluecrop’ was
reduced in 2016, potentially because of the
effect of low air temperatures during bloom,
whichmay have reduced the foraging activity
of pollinators, leading to reduced pollination,
fertilization and fruit set. The weather con-
ditions in 2016 were more typical (compared
with 2015) for northwest Washington, with
lower air-temperatures and more accumu-
lated precipitation (Table 4). Lower daytime
air temperature (�12 �C) and increased pre-
cipitation, common to the northwest spring,
occurred across multiple days through the
bloom period of ‘Bluecrop’ plants in 2016.
The difference in fruit set between ‘Blue-
crop’ and ‘Draper’ in 2016 is likely explained
by weather during bloom and floral morphol-
ogy. ‘Draper’ blooms later in the calendar
year than ‘Bluecrop’ and ‘Draper’ flowers
tend to have a larger and more spherical
corolla than ‘Bluecrop’ flowers, which may
enable more effective honeybee pollination
(Courcelles et al., 2013). The offset of bloom
time between ‘Draper’ and ‘Bluecrop’ meant
that the ‘Draper’ bloom condition in 2016
was much warmer and drier (�15 �C for
‘Bluecrop’ and 24 �C for ‘Draper’) in the 1–2
weeks after ‘Bluecrop’ bloom.

Conclusion

Calcium and B applications did not im-
prove fruit set, estimated yield, berry weight,
or fruit firmness in ‘Bluecrop’ or ‘Draper’
plants under the conditions of this study.
Therefore, we conclude that similar applica-
tions are unlikely to improve these measured

aspects of blueberry fruit production in other
cultivars grown in the PNW. This informa-
tion is applicable to commercial growers in
the PNW who regularly apply these products
during the developmental stages under in-
vestigation as we found no evidence justify-
ing their use. We suggest that increased
product rates, alternative Ca and B forms
and formulations with other nutrients, use of
surfactants, and modified timings be tested in
effort to increase Ca and B concentrations in
reproductive tissues of blueberry and possibly
lead to improved fruit set and yield for a region
that chronically experiences low fruit set.
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