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SUMMARY.Northern highbush blueberry (Vaccinium corymbosum) is well adapted to
acidic soils with low nutrient availability, but often requires regular applications of
nitrogen (N) and other nutrients for profitable production. Typically, nutrients
accumulate in the plant tissues following the same pattern as dry matter and are lost
or removed by leaf senescence, pruning, fruit harvest, and root turnover. Leaf tissue
testing is a useful tool for monitoring nutrient requirements in northern highbush
blueberry, and standards for analysis have been updated for Oregon. Until recently,
most commercial plantings of blueberry (Vaccinium sp.) were fertilized using
granular fertilizers. However, many new fields are irrigated by drip and fertigated
using liquid fertilizers. Suitable sources of liquid N fertilizer for blueberry include
ammonium sulfate, ammonium thiosulfate, ammonium phosphate, urea, and urea
sulfuric acid. Several growers are also applying humic acids to help improve root
growth and are injecting sulfuric acid to reduce carbonates and bicarbonates in the
irrigation water. Although only a single line of drip tubing is needed for adequate
irrigation of northern highbush blueberry, two lines are often used to encourage
a larger root system. The lines are often installed near the base of the plants initially
and then repositioned 6–12 inches away once the root system develops. For better
efficiency, N should be applied frequently by fertigation (e.g., weekly), beginning at
budbreak, but discontinued at least 2 months before the end of the growing season.
Applying N in late summer reduces flower bud development in northern highbush
blueberry and may lead to late flushes of shoot growth vulnerable to freeze damage.
The recommended N rates are higher for fertigation than for granular fertilizers
during the first 2 years after planting but are similar to granular rates in the
following years. More work is needed to develop fertigation programs for other
nutrients and soil supplements in northern highbush blueberry.

B
lueberry has lower nutrient re-
quirements than most crops
and thrives in acidic soils (pH

of 4.5–5.5) with limited availability of

essential nutrients such as nitrate-
nitrogen (NO3-N), phosphorus (P),
potassium (K), calcium (Ca), andmag-
nesium (Mg) (Korcak, 1988). How-
ever, despite the plant’s ability to
subsist with little to no fertilizer, a
good fertilization program is neces-
sary for rapid plant growth and high-
quality fruit production (Hanson and
Hancock, 1996; Hart et al., 2006).

Nitrogen is the primary nutrient ap-
plied to blueberry and is required
each year. Unlike most crops, blue-
berry acquires primarily the ammo-
nium (NH4) form of N over NO3-N,
due to low nitrate reductase activity in
the roots and leaves (Merhaut and
Darnell, 1995; Peterson et al., 1988).
When the plants are low in N, shoot
growth is poor, and the leaves turn
pale green or yellow (chlorotic) and
often develop a reddish tinge. Other
nutrients that are often applied to
blueberry include P, K, Ca, Mg,
elemental sulfur [S (which is used to
lower soil pH)], iron (Fe), boron (B),
copper (Cu), and zinc (Zn) (Hanson
and Hancock, 1996; Hart et al.,
2006). Manganese (Mn) is also re-
quired by the plants but is typically
available in abundance under acidic
soil conditions (Korcak, 1988). See
Caruso and Ramsdell (1995) for
useful illustrations of nutrient defi-
ciencies and toxicities in northern
highbush blueberry.

Traditionally, northern highbush
blueberry fields have been fertilized
using granular fertilizers. The current
recommendation forOregon is to split
granular N fertilizers into thirds, with
the first application in late April, the
second in mid-May, and the third in
mid-June, at rates varying from 50 to
165 lb/acre N in plantings mulched
with sawdust, depending on the age of
the planting (Hart et al., 2006). These
recommendations are practiced by
northern highbush blueberry growers
throughout the United States and
elsewhere and are applicable to fields
irrigatedby sprinklers.However,many
new fields are irrigated through drip
systems. In addition to using less
water, a major advantage of drip
irrigation is the ability to fertigate.

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.4047 acre(s) ha 2.4711
0.3048 ft m 3.2808
0.0283 ft3 m3 35.3147
2.54 inch(es) cm 0.3937
0.4536 lb kg 2.2046
1.1209 lb/acre kg�ha–1 0.8922
0.1198 lb/gal kg�L–1 8.3454
0.5000 lb/ton kg�Mg–1 2.0000
1 micron(s) mm 1

28.3495 oz g 0.0353
70.0532 oz/acre g�ha–1 0.0143
31.2500 oz/ton g�Mg–1 0.0320
2.2417 ton(s)/acre Mg�ha–1 0.4461

(�F – 32) O 1.8 �F �C (�C · 1.8) + 32
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Fertigation is the practice of applying
soluble fertilizers to the plants directly
through the irrigation system (Kafkafi
and Tarchitsky, 2011). Most of the
roots of a drip-irrigated plant are
located near the drip emitters, and,
therefore, nutrient application
through the drip system is a very
efficient way to apply the fertilizer
(Bryla, 2011). Several advantages of
fertigation include reduced delivery
costs (no need for tractors or
spreaders), greater control of where
and when the fertilizers are placed,
the ability to target application of spe-
cific nutrients during particular stages
of crop development, and the potential
to reduce fertilizer losses by supplying
only small amounts of fertilizer to the
plants as needed. However, disadvan-
tages include the costs associated with
the need for higher fertilizer quality
(i.e., purity and solubility) and the
capital costs of the equipment required
to inject the fertilizer through the
irrigation system. System costs are even
higher when injection of corrosive ma-
terials such as sulfuric acid and acidified
fertilizers are needed (see ‘‘Fertilizer
products available for fertigation’’).

Recently, Vargas and Bryla (2015)
compared the differences between fer-
tigation and granular fertilizer using
different sources of N fertilizer dur-
ing the first 5 years of fruit produc-
tion in ‘Bluecrop’ northern highbush
blueberry. Soil pH was slightly lower
with granular fertilizers than with
fertigation; however, leaf N was also
lower with granular fertilizer, whereas
yield was greatest when plants were
fertigated using ammonium sulfate or
urea sulfuric acid (Table 1). Ehret et al.
(2014) found similar results with
‘Duke’ northern highbush blueberry
in British Columbia and concluded
that fertigation produced greater
yields with less N than broadcast ap-
plications of the fertilizer. In both
cases, the results indicated that north-
ern highbush blueberrywas well suited
to fertigation. Higher rates of N fer-
tilizer likewise increased plant growth
in both of these studies but did not
improve yield in any year and reduced
berry size during the first few years of
fruit production. Whether N was ap-
plied by fertigation or as granular
fertilizer, only 67–93 kg�ha–1 N or less
was needed per year to optimize fruit
production.

The purpose of this article is to
review recent information on nutrient

requirements in northern highbush
blueberry and discuss the latest
options for fertigation by drip in
commercial production systems. The
article also contains updated stan-
dards for leaf tissue testing of north-
ern highbush blueberry that were
developed from a recent evaluation
of nutrients in common cultivars
growing in conventional and certified
organic fields in western Oregon.

Nutrient requirements
PLANT DEVELOPMENT. In most

cases, accumulation of nutrients in
each plant part follows the same pat-
tern as dry matter in northern high-
bush blueberry (Bryla et al., 2012).
Typically, the plants are propagated
from cuttings or by tissue culture and
transplanted to the field after �18
months in the nursery. Shoot growth
begins in the spring with bud swell
and is quickly followed by flowering.
The shoots grow in flushes, rapidly
producing 3–12 inches of new shoot
growth with each flush, depending on
shoot location and orientation; each
flush ends with apical bud abortion
(‘‘black tip’’ stage). Each shoot may
have one to several flushes of growth
during the season.New canes or whips
are the primary ‘‘renewal’’ wood for
subsequent fruit production and de-
velop throughout the season from the
base (crown) of the plants or from
latent buds from older wood higher
up on the bush. To improve establish-
ment of the plants, flower buds are
usually removed by pruning during
the first or second year after planting
to prevent competing sinks from fruit
production (Strik and Buller, 2005).

Depending on the cultivar and
growing region, the fruit require any-
where from 2 to 4 months to develop
and are usually harvested by hand or
machine over a period of 2–4 weeks.
Root growth has been shown to
peak before budbreak and after fruit
harvest (Abbott and Gough, 1987).
Most of the roots are very fine (40–
75 mm in diameter) and are often
colonized by mycorrhizal fungi
(Valenzuela-Estrada et al., 2008).
The roots do not penetrate very
deeply and are usually confined to
the top 12–18 inches in most soils
(Bryla and Strik, 2007).

NUTRIENT UPTAKE AND LOSS.
Bryla et al. (2012) measured the
amount of nutrients accumulated and
lost in a new planting of ‘Bluecrop’
northern highbush blueberry (Table 2).
By the time the plants reached the first
fruit harvest in the second year after
planting, the plants acquired a total of
48.4, 3.1, 17.4, 12.0, 5.4, and 8.4
lb/acre of N, P, K, Ca, Mg, and S,
respectively; and 3.9, 0.6, 0.3, 17.6,
and 0.9 oz/acre of Fe, B, Cu, Mn,
and Zn, respectively. About 7% to
52% of each nutrient was lost or re-
moved from the planting through
leaf senescence, pruning, and fruit
harvest. Additional nutrients may
have been lost to root turnover
(Valenzuela-Estrada et al., 2008).
An estimated 70% of the N in the
plants at the end of the first year, and
25% of the N in the fruit the following
year, was derived from fertilizer ap-
plied initially during the spring after
planting (Ba~nados et al., 2012). It is
likely that at least a portion of the P
and K acquired by the plants was also

Table 1. Comparison of granular and liquid nitrogen (N) fertilizers on soil pH,
leaf N, and yield of ‘Bluecrop’ northern highbush blueberry in western Oregon
(adapted from Vargas and Bryla, 2015).

Fertilizer

Soil Leaf N Yield

pH (%)z (tons/acre)y

No fertilizer 6.2 ax 1.29 d 15 c
Granular fertilizer
Ammonium sulfate 5.1 c 1.67 bc 22 b
Urea 5.6 b 1.60 c 24 ab

Fertigation
Ammonium sulfate 5.3 c 1.78 a 28 a
Urea 5.8 b 1.65 b 25 ab
Urea sulfuric acid 5.6 b 1.70 ab 27 a

zLeaf N concentrations are considered normal at 1.76% to 2.00%, below normal at 1.50% to 1.75%, and deficient at
<1.50% (Hart et al., 2006).
yTotal cumulative yield during the first 5 years of fruit production (2008–12); 1 ton/acre = 2.2417 Mg�ha–1.
xMeans followed by a different letter within a column are significantly different at P £ 0.05, according to Tukey’s
honestly significant difference test.
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derived from fertilizer, but no other
nutrients were applied to the planting.

The total amount of nutrients
removed during fruit harvest and
pruning were also measured recently
in mature plantings of northern high-
bush blueberry (B.C. Strik, unpub-
lished data). Nutrient removal in the
fruit differed among seven cultivars
and was very much dependent on the
yield (Table 3). The pruning losses
were measured in Elliott, which tends
to be a vigorous cultivar, often re-
quiring more pruning than many
others (Strik et al., 2014). Although
the wood removed during pruning is
usually flailed (chopped) between the
rows, the plants do not typically have
any roots between the rows. Hence,
any nutrients that recycle into the soil
after pruning are no longer available
to the plants. On the basis of the
estimated amount of nutrients con-
tained in the fruit and prunings, a ma-
ture field that produces an average
yield of 10 ton/acre will lose a total of
26–37 lb/acre N, 2.5–4.5 lb/acre P,
15–24 lb/acre K, 4–5 lb/acre Ca,
1.3–1.9 lb/acre Mg, 1.7–3.1 lb/acre S,
1.6–2.1 oz/acre Fe, 0.4–0.5 oz/acre B,
0.6–0.7 oz/acre Cu, 12.5–13.1 oz/
acre Mn, and 0.6–0.9 oz/acre Zn per
year. It is clear from these data that
the nutrient demands associated with

harvest and pruning are much lower
than the amount of fertilizer applied
to many plantings (Hanson and
Hancock, 1996; Hart et al., 2006;
Pritts and Hancock, 1992). Although
additional nutrients are required
for growth of new plant tissues and
to replace any losses in other dry
matter such as senesced leaves and
roots, more research is needed to
improve the efficiency of fertilizer
applications in northern highbush
blueberry.

LEAF NUTRIENT STANDARDS. Nu-
trient standards have been developed
for northern highbush blueberry us-
ing results from research experiments
and estimates from large databases
that relate tissue nutrient levels to
high-yielding fields (e.g., Hart et al.,
2006). The standards are based on
the analysis of the nutrients contained
in recent, fully expanded leaves on
shoots located below the fruiting
zone when collected in late July to
early August. Recently, tissue stan-
dards were reevaluated for western
Oregon using leaf nutrient concen-
trations obtained from mature plants
of six cultivars with different fruiting
seasons (B.C. Strik, unpublished
data). The cultivars included Duke,
which, at the location of the study,
ripens typically from mid-June to

early July; Draper, which ripens in
late June to mid-July; Bluecrop and
Legacy, which ripen throughout July;
Liberty, which ripens in mid to late
July; and Aurora, which ripens from
late July to late August (Strik et al.,
2014). Each cultivar was grown in
conventional and certified organic
fields. Regardless of the cultivar and
the fruiting season, best time to sam-
ple leaves for nutrient analysis was
confirmed as late July to early August.
However, there were significant dif-
ferences among cultivars during this
sampling period for many nutrients.
For example, concentrations of P,
K, Ca, and Cu in the leaves were
outside of the current recommenda-
tions (Hart et al., 2006). Although
the present recommendations are to
sample cultivars separately (Hart et al.,
2006), and this has been confirmed
(B.C. Strik, unpublished data), re-
vised standards will be developed to
account for broader variation among
the newer cultivars that may result
from differences in fruiting season
and nutrient allocation. A tissue stan-
dard will be developed for these nutri-
ents and will be added for aluminum
(Al). Although Al is not an essential
nutrient in northern highbush blue-
berry, low concentrations of Al in the
leaves may indicate that soil pH is too

Table 2. Accumulation and loss of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S),
iron (Fe), boron (B), copper (Cu), manganese (Mn), and zinc (Zn) in a new planting of ‘Bluecrop’ northern highbush
blueberry in western Oregon (adapted from Bryla et al., 2012).z

Activity period

Macronutrients (lb/acre)y Micronutrients (oz/acre)y

N P K Ca Mg S Fe B Cu Mn Zn

Accumulation
Bud break to leaf senescence (year 1) 18.1 1.3 6.3 6.3 2.4 3.5 3.0 0.23 0.05 6.5 0.46
Bud break to harvest (year 2) 30.3 1.8 11.1 5.7 3.0 4.9 0.9 0.33 0.28 11.1 0.44

Losses
Leaf senescence (year 1) 8.3 0.4 4.2 2.7 0.6 1.5 1.5 0.14 <0.01 0.9 0.01
Winter pruning (year 1) 1.3 0.2 0.4 0.3 <0.1 0.1 0.3 0.01 <0.01 0.5 0.02

Fruit harvest (year 2) 9.0 0.5 4.6 0.3 0.3 0.4 0.2 0.05 0.02 0.2 0.04
zPlants were fertilized each spring with 50 kg�ha–1 N from granular ammonium sulfate.
y1 lb/acre = 1.1209 kg�ha–1, 1 oz/acre = 70.0532 g�ha–1.

Table 3. Total amount of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe),
boron (B), copper (Cu), manganese (Mn), and zinc (Zn) removed during fruit harvest and winter pruning in a typical mature
planting of northern highbush blueberry in western Oregon.z

Component

Macronutrients (lb)y Micronutrients (oz)y

N P K Ca Mg S Fe B Cu Mn Zn

Fruit (per ton)y 1.3–2.3 0.1–0.3 0.8–1.7 0.1–0.2 0.05–0.1 0.06–0.2 0.05–0.1 0.02–0.03 0.01–0.02 0.04–0.1 0.01–0.04
Prunings (per acre)y 14 1.5 6.5 3.0 0.9 1.1 1.1 0.2 0.5 12.1 0.5
zRipe fruit were harvested for 2 years (2013–14) from seven cultivars, including Aurora, Bluecrop, Draper, Duke, Elliott, Legacy, and Liberty. The prunings were collected
from a mature planting of ‘Elliott’ northern highbush blueberry.
y1 lb/ton = 0.5000 kg�Mg–1, 1 oz/ton = 31.2500 g�Mg–1, 1 lb/acre = 1.1209 t�ha–1, 1 oz/acre = 70.0532 g�ha–1.
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high, and high concentrations often
indicate that pH is too low.

Fertilizer products available for
fertigation

NITROGEN SOURCES. As men-
tioned, blueberry requires primarily
the NH4 form of N. Common sour-
ces of NH4 or NH4-forming fertil-
izers available for fertigation include:

Ammonium nitrate solution
[NH4NO3�H2O (20N–0P–0K)] or
AN-20 is commonly used for fertiga-
tion inmany fruit and vegetable crops.
However, it is not recommended for
blueberry due to the high concentra-
tion of NO3-N (50% of total N) in the
solution.

Ammonium polyphosphate
[(NH4PO3)n (10N–34P–0K or 11N–
37P–0K)] contains 10% to 11% NH4-
N but is used primarily as a source
of phosphorus nutrition. Polyphos-
phate reverts quickly to monophos-
phate (only form of P taken up by
plants) in acidic environments and,
therefore, is readily available for up-
take by blueberry. It is widely used to
make a variety of fertilizer solutions.
The fertilizer forms highly insoluble
calcium pyrophosphates when injected
into irrigation water with high calcium
and high carbonate/bicarbonate con-
tents and, therefore, may severely plug
the drip emitters when used under
these conditions.

Ammonium sulfate [(NH4)2SO4]
is probably the most common
source of N applied to blueberry as
a granular fertilizer and is available in
the liquid form (8N–0P–0K–9S).
Solutions can be made using dry,
granular ammonium sulfate (21N–
0P–0K–24S), which dissolves in water
at a maximum solubility of 6.3 lb/gal
at 70 �F.

Ammonium thiosulfate [(NH4)2
S2O3 (12N–0P–0K–26S)] is typically
used as an acidulating agent but could
also serve as potential N source for
blueberry plants growing in high pH
soils (>6.5). Although this product
has not been tested scientifically in
blueberry, several growers are cur-
rently using it for fertigation in com-
mercial northern highbush blueberry
fields in western United States (D.R.
Bryla, personal observations).

Calcium ammonium nitrate [Ca
(NO3)2�NH4NO3 (17N–0P–0K–
8.8Ca)] or CAN-17 is high in NO3-N,
low in NH4-N, and supplies calcium.

Certain crops such as strawberry
(Fragaria ·ananassa) and raspberry
(Rubus idaeus) appear to produce
higher quality fruit when fertilized
with CAN-17. However, like ammo-
nium nitrate solution, the fertilizer is
too high in NO3-N for practical
application in blueberry.

Urea solution [(NH2)2CO (20N–
0P–0K or 23N–0P–0K)] is also com-
monly used for fertigation in northern
highbush blueberry, particularly when
soil pH <5.0. Urea rapidly converts to
NH4-N in the soil but is less acidifying
than ammonium fertilizers (Fig. 1). It
is also less costly per unit N and can be
made as a weaker dilution by mixing
granular urea [46N–0P–0K (another
fertilizer commonly used for granular
applications in blueberry)] in water at
a maximum solubility of 8.8 lb/gal
at 70 �F. Note that the solution will
become extremely cold as the fertilizer
dissolves. Some growers are currently
combining urea and ammonium sul-
fate solutions to create a custom liquid
fertilizer blend (20N–0P–0K–5S) for
northern highbush blueberry.

Urea-ammonium nitrate solution
[(NH2)2CO�NH4NO3 (32N–0P–0K)]
or UN-32 (UAN-32) is manufac-
tured by combining urea (46% N)
and ammonium nitrate (35% N).
Of the available N sources, urea-
ammonium nitrate has the highest
N concentration. It is marketed as
a 32% N solution in warmer agricul-
tural climates and as a 28% N solu-
tion in cooler agricultural areas.
Urea-ammonium nitrate solution
forms a thick, milky-white insoluble
precipitate when combined with
CAN-17 or other calcium nitrate
solutions, which could also cause
serious plugging problems.

Urea sulfuric acid [CO(NH2)2�
H2SO4] is an acidic combination of
urea and sulfuric acid. Mixing the
two products is extremely exother-
mic (explosive reaction if the temper-
ature is not controlled) and should not
be attempted under normal atmo-
spheric conditions. Combining the
two materials eliminates many of the
disadvantages of using them individu-
ally. The sulfuric acid decreases the
potential for volatilization losses from
the soil surface and ammonia damage
in the root zone, while including urea
with the sulfuric acid is much safer
than sulfuric acid alone. This product
is commonly sold under various
formulations of N and sulfuric acid

such as 10/55 (10% N and 55%
sulfuric acid), 15/49 (15% N and
49% sulfuric acid), and 28/27 (28%
N and 27% sulfuric acid).

For organic production, we suc-
cessfully fertigated a certified field of
northern highbush blueberry plants
with fish emulsion and used the prod-
uct as the sole nutrient source of
fertilizer for 8 years (B.C. Strik, un-
published data). The fertilizer was
particularly effective during establish-
ment and contained �4% N and sub-
stantial amounts of other nutrients,
including P, K, and Mg (Larco et al.,
2013a, 2013b). Several organically
approved liquid fertilizers are avail-
able for fertigation, including nonfish
products such as corn steep liquor;
these products mineralize rapidly
within a few weeks but vary consider-
ably in the cost per pound of actual N
applied (Mikkelsen and Hartz, 2008;
Miles et al., 2010). When fertigating
with organic fertilizers, dilute the
product before injection to lower
the viscosity, and flush the drip lines
at least annually to reduce emitter
plugging (Fernandez-Salvador et al.,
2015).

SOIL SUPPLEMENTS. In addition
to applying nutrient solutions, several
blueberry growers in theUnited States
and elsewhere are incorporating hu-
mic acids (also known as organic acids)
into their fertilizer programs. Humic
and fulvic acids (lower molecular
weight and higher oxygen content
than other humic acids) are commonly
used as soil supplements and have
been found to stimulate plant growth
in several crops (Nardi et al., 2002;
Rose et al., 2014; Varanini and Pinton,

Fig. 1. Average soil pH in a ‘Bluecrop’
northern highbush blueberry field
following 5 years of fertigation at
different nitrogen (N) rates with
ammonium sulfate or urea (adapted
from Vargas and Bryla, 2015); 1 lb/
acre = 1.1209 kg�haL1.
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2001), including northern highbush
blueberry (Bryla and Vargas, 2014).
Reported benefits of these substances
include improved soil properties and
structure, greater bioavailability of soil
nutrients, increased microbial popula-
tions, and plant hormone-like effects
(Chen et al., 2004a, 2004b; Morard
et al., 2011; Muscolo et al., 2013;
Piccolo and Mbagwu, 1989). Root
growth was particularly enhanced by
humic acids during the first 2 years
after planting a new field of ‘Draper’
northern highbush blueberry (Fig. 2).
More work is underway in our group
to determine if humic acids are also
beneficial to growth and fruit produc-
tion in mature plants.

Injection of sulfuric acid (H2SO4)
into the irrigation water has also

become a popular practice in regions
with high soil pH and/or a high
percentage of carbonates (CO3) and
bicarbonates (HCO3) in the irrigation
water, such as California and eastern
Oregon andWashington. Because acid
materials are hazardous and highly
corrosive, several growers now use
sulfur dioxide (SO2) generators, often
referred to as ‘‘sulfur burners,’’ in place
of acid injectors for acidifying the
irrigation water and reducing soil pH.
Elemental sulfur burned in the gener-
ators is converted to sulfurous acid
(H2SO3) and mixed with the irrigation
water to lower the pH. Sulfur burners
are certified for organic production.
Other options for acidifying the water
in organic systems include injection of
acetic or citric acid.

Drip line placement
Although NO3-N is very mobile

and moves readily in moist soil to plant
roots, NH4-N moves much more
slowly, often advancing only 1–2 inches
over several months (Barber, 1995).
Therefore, the N in NH4 fertilizers
will only be available to the plants
when the fertilizer is applied close to
the roots (Vargas et al., 2015). Any
of the fertilizer that is applied away
from the roots is likely to convert to
NO3-N, through a process of nitrifi-
cation, and eventually will be leached
from the field by rain or irrigation
(Haynes, 1990). On most soil types,
only one line of drip tubing per row
is needed for adequate irrigation of
northern highbush blueberry, but two
lines per row is often used to encour-
age a larger root system and increase

plant access to soil nutrients (Ehret
et al., 2012). The lines are often lo-
cated near the base of the plants during
the first or second year after planting
and later repositioned 6–12 inches on
each side of the plants as the root
system develops. Installing the drip
lines under weed mat or burying them
under sawdust mulch helps to secure
the lines in place, prevents any damage
during winter pruning, and reduces
water runoff on raised beds.

Since only a fraction of the soil is
wetted by the drip emitters, most of
the N applied to the plants during
fertigation is added directly to the
region of the soil where many of the
roots are concentrated. As a result,
extra N is not required with fertiga-
tion when sawdust or pine bark is
incorporated into the soil before
planting or used as mulch (Table 4).
This is in contrast to using granular
fertilizers, which requires an extra 25
lb/acre of N when 2–3 inches of fresh
sawdust is used as amulch (Hart et al.,
2006).

Timing and rate of nitrogen
fertigation

Liquid fertilizers should be
injected in small and frequent appli-
cations (e.g., once per week), starting
at leaf emergence and finishing in late
July or early August. Fertigation is not
recommended for the entire growing
season (e.g., April–September) be-
cause N applications in late summer
reduce flower bud development in
northern highbush blueberry and
may lead to late flushes of growth
that increase the potential for freeze
damage over the winter (Caruso and
Ramsdell, 1995).

In western Oregon andWashing-
ton, many growers using drip irriga-
tion apply granular fertilizers in
March or April and then, once irri-
gation is required on a regular basis,
switch to fertigation in May (D.R.
Bryla, personal observations). The
use of granular fertilizer in the
spring is less expensive than fertiga-
tion and practical for use in mature
plants, provided weed mat (geotex-
tile fabric) is not used or is opened
before application. However, it may
cause fertilizer ‘‘burn’’ (salt damage
to shoots and roots from the fertil-
izer) in new plantings and, in severe
cases, can kill young plants (Ba~nados
et al., 2012; Bryla and Machado,

Fig. 2. ‘Draper’ northern highbush
blueberry plants grown (A) with or (B)
without humic acids. The plants were
grown in a field in western Oregon and
destructively harvested following the
second year after planting (2012).
Shoot and root dry weight averaged
651 and 349 g, respectively, with
humic acids, and 561 and 246 g,
respectively, without humic acids; 1 g =
0.0353 oz (images courtesy of O.L.
Vargas).

Table 4. Effects of a preplant application of nitrogen (N) fertilizer on shoot and
root dry weight, leaf N concentration, and yield of ‘Draper’ northern highbush
blueberry in western Oregon.z

Nitrogen fertilizer
incorporated into the
field before plantingy

Plant dry wt (g/plant)x
Leaf

N (%)w
Yield

(lb/plant)vShoot Root

Yes 591 241 1.67 1.4
No 588 221 1.61 1.6
Differenceu 3NS 20NS 0.06NS 0.2NS

zThe plants were grown on raised beds with 19 units/acre of incorporated fresh sawdust (3.5 inches deep in 3-ft-
wide bands on 10-ft centers to a depth of 10 inches) and 11 units/acre (2 inches deep in 3-ft-wide bands on 10-ft
centers) of fresh sawdust mulch; 1 unit of sawdust = 200 ft3 (5.6634 m3), 1 unit/acre = 2.4711 units/ha, 1 inch =
2.54 cm, 1 ft = 0.3048 m.
yGranular ammonium sulfate was either incorporated along with the sawdust at a rate of 95 lb/acre (106.5 kg�ha–1)
N or was not incorporated at all before planting. Irrigation was applied using two lines of drip per row, and liquid
urea was injected (April–July) through the drip system at annual rate of 100 kg�ha–1 (89.2 lb/acre) N per year.
xThe plants were destructively harvested in Oct. 2012, following the second year after planting; 1 g = 0.0353 oz.
wLeaf samples were collected in early Aug. 2012, during the second year after planting.
vPlants were lightly cropped during the second year after planting and harvested in July 2012; 1 lb = 0.4536 kg.
uDifference between the means were compared by analysis of variance.
NSNonignificant (P > 0.05).
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2011). Even small applications of
granular ammonium sulfate ap-
plied at a rate of 20 kg�ha–1 N in
the spring, before fertigation, re-
duced shoot growth and caused
root damage in young ‘Draper’ plants
(Fig. 3).

The recommended N rates for
fertigation are shown in Table 5. The
rates are higher than those recom-
mended for granular fertilizers in

Oregon and British Columbia during
the first 2 years after planting but are
similar to the granular rates in the
following years (British Columbia
Ministry of Agriculture, 2014; Hart
et al., 2006). Higher N rates are
recommended initially for fertigation
due to low application efficiency in
young plantings (Bryla andMachado,
2011). Many growers using drip irri-
gation install drip tubing or drip tape
with in-line emitters spaced every 12
or 18 inches. Since the plants are usually
spaced 2.5–3 ft apart, roughly half of
the emitters end up between the plants
and outside of the root zone. Conse-
quently, much of the NH4-N is un-
available for a year or so, until which
time the root systems grow large
enough to reach the emitters between
the plants (Vargas et al., 2015). In
contrast, granular fertilizer is often ap-
plied by hand directly around the base
of plants (within the drip line of the
bush) during the first or second year
after planting (Hart et al., 2006).

By the third year after planting,
less N is needed with fertigation be-
cause most of the N at this point is
applied directly to the root zone and
is no longer lost between the plants
(Vargas et al., 2015). The N is also
injected in small and frequent appli-
cations during fertigation, which is
much more efficient than using two
or three large applications of granular
fertilizer. For example, Machado
et al. (2014) measured NH4-N in
the soil solution in a 3-year-old plant-
ing of ‘Bluecrop’ northern highbush
blueberry and found that concentra-
tions increased to 800–1500 ppm

following each of three applications
of granular ammonium sulfate, but
remained £ 10 ppm throughout the
season when the fertilizer was applied
once a week from mid-April to mid-
August by drip fertigation. Fertiga-
tion, in this case, also resulted inmore
vegetative growth, greater yield, and
higher leaf N concentrations, and
therefore, was more efficient than
using the granular fertilizer, now that
the plants were larger.

Future directions for research
Avenues for future research on

nutrient management in blueberry
include fertigation with other nutri-
ents besides N and more work on soil
supplements such as humic and fulvic
acids. The information is needed to
identify the best sources of each nu-
trient and to determine the best time
and rate to apply them. The use of
humic and fulvic acids appears prom-
ising for blueberry, but the mecha-
nism(s) of their effect on root growth
and whether they increase fruit produc-
tion remains unclear. Possible mecha-
nisms include increased availability of
soil nutrients and chelation of micro-
nutrients, enhanced water pene-
tration and retention, stimulated
beneficial microbial activity, and in-
duced hormonal effects on root
growth. Research is also needed to
determine the implications of new
soil management practices such as
use of landscape fabric (weed mat)
for weed control on root growth
and root function and the effects it
might have on the availability of soil
nutrients.
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