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Evergreen Production of Southern
Highbush Blueberries in Hawai’i

Kose Husster®, Fraxos ZEES, AMy Straussy, Lisa Kerm? ann Warne Nisduma’

Abstract

Blueberry 15 not commercially grown in Hawai's, thougl it represenis a potential high-valoe niche-market
crop, hany localities with equivalent low chilling envirenments, such s southern California, Mexico, Spain and
Portugal. have successfelly begun growing dlucherrics, but little is known sbout the adaptability of this crop to
Hawai't. In mid-Apnl 2004, blueberries were planted at the University of Hawai'i. Mealan Agroultural Rescarch
Station i Waimes, a mid-clevanon vegetable production area on the Island of Hawai™i, Ten plants gach of six
southern Inghbush-blueherry { Vaceisium corvorhasent L) hvbrid cultivars, *Biloxi®, "Emerald”, “Jewel’, “Misty'.
*Happhire”. und “Sharpblue’ were planted in biocks and evaluated from Qe 2004 through Oct. 2006, The objectives
WeTe o compare trends in the production season. potentiol yields, plant growth, and fuit guality of the cultivars
First production occurred within 6 months of planting. Each of the plants grew and produced reasonable vields of
quality berries within two years.* Biloxi”, “Emerald’, ‘Sapphire’, and *Sharpblue” produced herween 1,70 10 LRT
ke plant vear during their seeond wvear after figld establishment: Peak production (imes, when total berry Barvest
exceeded 4 ketweek for the 60 plant plot, oceurred between mid-Aug. o mid-Sept., and for two weeks inmid-Feb
indavidual cultivar karvest peaks wers spread throvghouot the yvear, “Jewel” plants were very vigorous ani had low
annial yield, ‘Emerald” had the largest average herry size, exceeding 4 p Fruit from each ol the cultivars of tis
study had similar total soluble solids and aceeprable Aavor Bird damage wis prevented by enclosing the plunting
in net-covered caging, Chinese rose beetle (Adeetns siricwe Bunineistecy and shrips {fefiotheips faemorrioidalis

Bauché) caused some foliar damage, but dis
Bluebernes are amenalble for culture in Hawal'i,

In 1906, Elizabeth White and Fredrick Co-
ville began selecting and breeding highbush
blueberries (Faccinium corvmbosum L.) for
northern clinates in NMorth Amerca (3). By
1930, 81 ha of commercial blugberries were
aropwn, which increased W more than 8094
ha by 1965 (6).

[o 1973, the first complex crosses of high-
bush with low chilling species, such as ¥
derrawii Camp, were released by R, Sharpe
and W, Sherman in Florida (4). Plantings of
blucherries slowly developed in Florida, from
6 ha in 1978, to comumercial export quantities
in 1982, and 971 ha in 2003 (8). Southern
blueberry production in Georgia covered 2425
ha in 2003 (6). Recently, private companies
have expanded blueberry acreage in low chill-
ing environments of California, Mexico, and

case and pest preblems weere etherwise mintmal, Soutleen highlbash

in Europe and South America. While Mexico
had 38 ha in production in 2003, predictions
suggest an increase to more than 800 ha by
2013 (6).

Production technigues in Mexico imvolve
periodic anificial defoliation to substitute for
winter dormancy and reduce foliar diseases
and pests (M. Hurst, Orezon berry grower,
personal comm.) In the Mexican climate,
where flowers and fruit ccour simultaneonsly
on blucherry plants, this technigque allows
plants to accumulate reserves for increased
production on specified dates (1. Brazelton,
Oregon nurservman, personal comm. ),

Sugarcane acreage and produciion in
Hawai'i has been declining for the past lwo
decades (7). Alternative and diversified niche
market crops are being sought for available
tand that previously prodoced supar. Proper
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Table 3. Disease symploms observed on scuthern highbush cullivars {Vaceinium corymbosum L. hy-
bricds) at the Mealani Agricultural Research Station in Waimea, Hawai'i, October 2004-2006.

Fathogen Affacted argan Symptoms Cultivar
Lagiodipladia sp. leaves, stam Willing and reddening of Sharpblue,
(anamargh of leaves. Dead limbs that do Jewel, Emerald
Bolrvasphagria) not drop their leaves. Intemal
stem is hght brown.
Bolrylis sp leaves, stam Irragular, Brown lesions All cultivars in lest
Tip dieback
Fhylaphithara sp, racts, stem Reddaning of leaves Jewel, Emerald
Discoloration of roots and
slem
FPesfaloliopsis sp. leaves Leaf spots Emeraid

planting of certified virus- or pathogen-
negative  blucherry  planting  stock  from
reputable nurseries is highly recommended.
Virus-negative plants would not provide an
inoculum source for local aphids.

Chinese rose  beetle  caused  serious
foliage  damage, especially  during  field
establishment. Physical barrigrs, such as 1.2
m-tall swire cages with 20 % mesh shade cloth
can protect new plants from flying beetles.
The cages can be removed and re-used once
plants are establishad,

Two fungi were isolated from leaves and
stems of “Jewel” and "Emerald’. Lasiodiplo-
dig sp, (the anamorph of Botryosphaeria)
caused stem blight, and Pesradoviopsis sp.
wits associated with leaf spots and a sporadic
postharvest rot {Table 3). Pevraiotiopsis sp.
was characterzed by black, inky spore masses
with a creamy white mycelium, Baratis sp,
was found on all six of the varieties, These
diseases were not severe, and did not reduce
vield during the study. Symptoms ranged from
I to 2 small lesions per leaf 1o about 20% of
the entire leaf showing symptoms. Sosyris-
infected leal samples had brown lesions on
the tips: fungal structures were visible by dis-
secting microscope. The other fungi tended to
affect leaves on lateral branches. Most of these
pathogens tend to attack weakened tissues, so
optimum plant health 1= very important. Fruit

thal 15 set Is generally resistant to mfection
by these fungi. We recommend eliminating
potential inoculum sources by removing dead
leaves and providing good air circylation in
the canopy. Should these discases build up,
annual defoliation may be needed to invigo-
rale plants.

Conclusions. Southern highbush bluchernes
showed potential as a new high value crop
for Hawai'ian farmers, Pests and diseases
seemed manageable, Fruit production could
be managed to occur throughout the vear
through appropeiate cultivar choices. The
peak production for ‘Sapphire’, ‘Sharpblue’
and “Biloxi” oceurred in August-Seplember
and mid-February: and for *Jewel”, "Emerald”,
and 'Misty” in February and June. In this study,
*Sapphire” “Biloxi” and "Sharphlue’ had high
production and *Emerald” produced the lars-
est berries, Lach of the cultivars produced
acceplable fruit with multiple peak production
times. The growth and production of the low
chilling blueberry cultivars in Hawai'i tor the
first two years was cquivalent to, or hetter than,
in Florida or Portugal, We suggest that blue-
berries be considered by growers and home
sardeners [or production for local markets and
value-added products,

We add a note of caution concerning pro-
duction of blucherries relative o native flora,
southern highbush blueherries are hexaploids
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crop selection and targeted marketing of al-
ternative crops are key factors to the survival
and success of small farmers on the islands.
With the suceess of new blueberry plantings
in many low chill environments, we wondered
if these fruits could provide a crop aliemative
for Hawai'i.

This preliminary report presents informa-
tion on an inital trial planting of southern
hizhbush blueberry cultivars at Waimea. The
planting was established with blocks of 10
plants for each cultivar. Replicates were not
randomized so only production trends will be
reported rather than significant differences i
cultivar production. Swudies with replicated
variety trials are in progress, The objectives
of this study were to compare trends in the
production season and potential viclds in this
environment, and to compare plant growih and
fruit quality of selected cultivars,

W wanted to determine if blueberries from
Waimen would produce vields suitable for
market, and when production would occur
during the year. We also wanted to observe
the types of problems, pests, and diseases en-
countered 1o guide regional farmers i cultural
management 1Ssues.

Materials and Methods

Six southern highbush blueberry cultivars
{“Biloxi,’ "Emerald,” Jewel,” "Misty;” “Sap-
phire,” and " Sharpblue’) were chosen because
of their low chilling requirements and high
quality fruit when produced in the southeast-
ern United States, These cultivars include
Northern highbush, Feccinium corvmbosum
(L.}, and the Florida-native low growing Fae-
chminn dareensii (Camp.) in their pedigree.
‘Biloxi' was released by Dr. Craighton Gup-
ton, USDA ARS geneticist from Poplarville,
Miss., and the other five by Dr. Paul Lyrene,
Professor and geneticist from the University
of Florida at Gainesville.

The planting site at the University of
Hawai'i Mealani Agriculiural Research Sta-
tion in Waimea is located at 853 m elevation.
[t has o well drained s loamesoil belonging
1o the Maile serics (8} The average anmual
maximum temperature at the. station s 23
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(. average minimum temperature is 10 °C,
with a range from 28 °C high o 3,53 °C low.
The station receives up to 200 chilling hours
per annum. The annual rainfall averages 163
e, Waimen, located in the major vegetable
production area on the Island of Hawal'i, 15
in close proximity (within 16 km to potential
markets at major hotels and resorts along the
Goeld Coast from Kohala to Kona,

A9.14 m = 36,5 m area was tilled one month
prior to planting, Peat (0.21 m7), steer manure
(0,08 m° ). treble superphosphate (0-41-0,
7.71 kg), gypsum (5.4 kg), ammonium sulfate
(20.5-0-0-245, 3.4 ko) and K-mag (0-0-22-
225, 5.4 ki) were spread over ¢ach | = 9.14
m row and shallow tilled into the soil o lower
the pH in the area from pH 6.3 to the preferred
pH 4.5 to 5.5 The area was then completely
covered with weed mat (Weedbarrier", West-
em Landscape, Denver, CO), which provided
excellent weed conrrol and sanitation.

Ten plants cach of the six cultivars were
received from Fall Creek Nursery in Lowell,
Oive. on 7 Apr 2004, and were planted one
week later in blocks of ten plants by variety,
Plants were not randomized within the plant-
ing. Plant spacing was 1.2 m = 1.2m, Holes
(.6 m in diameter were cut into the weed mat
for each plant. Additional peat was mixed
mnto each hole at planting. Ridomil Gold &
480 EC dilution was applied as a soil drench
at 0.061 ml-- of water [or cach planting hole
for Phurophthora root rot prevention.

The planis were irrigated and fertigated
through drip irrigation using 2 emitlers per
plant at atate of 1.9 Mhr! of water per emitier.
The plants were watered three times a week
for 45 min, each during the dry season (Nov.
to Jan.) and redoced 10 twice weekly for 43
min, during the wet season (Feb. to Apr).
The plants were fertigated once per month
using Miller 4-41-27 soluble fertilizer (432
g in 149 1) formulation for two consecutive
months, Cleancrop” 4.5% iron chelate (239
a in 189 1) was added 1o the fertilizer mix in
the third momth,

Soil pH was initially tested every three
months, When the soil pH was above 5.2,
we used ammonium sulfate, and when the
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pH was below 5.2, we applied urea st rates
recommended by the Northwest berry and
grape information network (2007), On 19 Apr.
2003, the plants were top dressed with 142 g
of ammonium solfate, and nitrogen applica-
toms were increased from May 2005, The
plants were fertivated with 21-7-7 fertilizer
(452 g in 189 1) and the following week with
afoliarof 4-41-27 (8 21n 38 ). This was done
through June and July, equally one application
per month.

Fruit evaluations began in Oct. 2004 and
continued through Oct. 2006, Fruit were
harvested, weighed., and recorded weekly lor
each cultivar. Cultivars ripened al different
dates. On L1 Oer, 2006, height, wideh, and
shoot counts were recorded for each plant.
Shoots greater than 2.3 mm diameter were
counied, Planis had been pruned prior 1o this
count to remove brushy twiggy growth around
the base of cach plant, Pruning was performed
according to the plant structure but equitably
between cullivars. Pruning was also performed
to control insects and localized disease infec-
tion. At peak ripeness for each cultivar, five
replicate berries were randomly selected from
five plants. Individual berries were weighed,
and the length and width were measured.
Total seluble solids (TSS) was measured by
placing a drop of juice from each fruit on a
hand held refractometer (Misco, Cleveland,
OH). One-way analysis of variance {Excel,
Microsoft, Redmond, WA) was calculated for
fruit weight, length, width and TSS, Fisher's
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leasi significant differcnee (LSD) at P < 0.05
was applied for mean separation.

Results and Discussion

After two and a half vears, blueberry plants
grew wellatthe Mealani Station, and their fruit
wag of gh quality (107 Growing blueberries
in the tropics had challenges, bur the projec
gave promising resilis during this initial trial,
We did not follow the recommendation tha
flowers and fruits should be removed for the
first two years after planting (6). Although the
plants were not vigorous during the first year,
thev flowered and fruited profusely on short
vepelative stems. Sufficient berry production
lor gathering occurred in Oct. 2004, six
months affer field planting. Some plants did
not grow well mitially due to the addition of
nitrate based fertilizer applied 1o the high pH
sofl (pH 54 to 5.9). The vegetative growth
and vield if each of the plants improved after
ammonium fertilizer was added.

The low chilling hours for vegetative
dormancy did not seem 1o affect the
productivity of these southern highbush
genotypes. As the year progressed  we
observed an increase of insect pests, such
as thrips, aphids and leathoppers, withow
the winter minimum temperatures  Tound
in temperate  climates 1o reduce  their
papulations,

Cultivar viefdy. Each of the cultivars
became established, grew, and produced
reasonable yields of quality berries (Fig. |

Table 1. Mean® and standard deviation of plant heighl, plant width and shoot count of two-yaar-old
southern mighbush blueberry plants measured on 11 Ostober 2006.

Culfivar Flant height (m) Plant width {m) Shoot count
Biloxi 117012 135+ 0.0b 7.0 +4.1 ab
Jawal 113014 186 :£0.7a MN4x3.7d
Sharpbiue 1042090 1.35+0.1b 156 +3.9 b
Emerald 099 +04e 156+01a 140237
hishy 096201 ¢ 121+ 01°b iBg8xd3a
Sapphire 0800 d 10101 ¢c 1.0+33d

*Mean of 3 replicatis. Means within 2 column fallowed by the same latler are not significantly differem by Fisher's LSD

al P= 0.05,
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Table 2. Berry weight, berry width, and total soluble solids (TS3) for southern highbush blusbernes
arown at the Maalani Agricullural Research Station in Waimsa, Hawaii

Cultivar Harvest dals Berry weight (g} Berry width (om) TS5 (%)

Bileye 10 August 2006 Ze+06b 17+02b 123+ 1.3 ab
sty 16 February 2008 22:06b 16x0:2b 13307 ab
Sharphlue 16 February 2008 2.21+05%hb 162010 132+ 0.9 ab
Sapphire 21 September 2008 Z1t+04hb 16+0:1b T21+13 b
Jewel 4 February 2008 2507 h 18+0250 122+1.1ah
Emerald 3 August 2008 41207 a Z21t01a 12307 4ab

“Wezn of 5 randomly sefecled berses from § plants per cultivar. Means within a column folfawed by the same letier

are oot sigrificantly differant by Fisner's LSD al P=0.05

and 2). "Emerald,” *Sapphire,” “Sharpblue,”
and ‘Bilexi” bad high yields, ranging from
170 to 1,87 ko/plant/vear (Fig. 1) "Misny’
and tlewel” had low production (Figo 1)
although their second vear yield was better
than the first vear. Eck (4] stated that vields
of *Sharpblue’ in Gainesville. Florda, ranged
from |.8 1o 2.7 kg/plant/vear for G-year-old
bushes. Baptista et al. (2} looked at southern
highbush production in Portugal and reporied
vields for ‘Cape Fear® and *Georgia Geny’
of 0.81 and 1.22 kp/plant/vear for 3-year-
old plants. The vields i Hawai'i were good
considering the vounger age of the planis,
FProduction cyele. Time of production
appeared 10 be cyclical with major and

e
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kalpllyear

Emerald Shampblug Sapphire

minor peaks throwgh the year (Fig. 23 The
mujor peak production times, when total
berry harvest exceeded 4 kpfweek for the
&l plant plot, occurred from mid-August
to mid-September and for two weeks in
mid-February (Fig. 2). Miner production
peaks, when total berry harvesl was aboin
2 kefweek or more. occurred m late Muay-
early June and late Nov-early Dec. (Fig.
2, Individual genolvpe diflerences spread
harvest peaks to about cvery 3 months
throughout the vear (Fig. 2), In very mild
climates, like those of this study, “Sharpblue’
flowers and fruits throughow the year; in
temperate climates, a larger commercial crop
oceurs in spring. with a smaller crop in fall,

T

Biloxi Misty Jewel

Figure 1. Average annual yield (kg per plant per year), of six southern highbush biueberries (V. car-
ymibasum L. hybrid cultivars) grown in Waimea, Hawai'i. Black arsa represents total from Oct. 2004
through Sepl. 2005 striped region reprasents Oct, 2005 through Sept. 2008, Ezch value is the mean

of 10 replicates.
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Figure 2. Total waekly harvest of 80 plants (ten replicates of six southern highbush cultivars) betweaan

5 May 2005 and & Oct, 2006, at the Mealani Statian,

In our study, ‘Sapphire’, *Sharpblue’, and
‘Bilexi” had production peaks on the major
evele, Le., in mid-August 1o mid-September
and in mid-February. “Sharpblue’ has grown
well in climates with practically no chilling
hours although originally it was described
as needing 300 chilling hours prior 1o the
enset of flowering (1), Care must be taken
to harvest frequently during hot weather to
maintain high guality (1) “Misty®, “Jewel®,
and ‘Emerald” tended 1o have lower peaks
and more sustained production throughouw
the year (data not shown). In Florida, “Jewel®
tends 1o mipen beforg *Sharpblue’ (1) In
Hawai'i most peak harvest dates were similar
for the two cultivars although “Jewel” had o
peak harvest in June 2006 prior 1o that of
“Sharpblue” in August 20046,

Cultivar differences, Each variety behaved
very differently in plamt vigor, growth habit,
harvest peak, and pest susceptibility. “Biloxi'
and “Jewel plants were the most vigorous
of the six cultivars (Table 1), while *Biloxi®
produced the second largest total yield (Fig.
1), “Jewel” was the feast productive (Fig, 1),
"Emcrald” and “Jewel® had large berries that
exceeded 2.3 p. (Table 2).

Biloxd, Under Hawai ian conditions. *Biloxi'
has upright growth with vigorous shoots and

Waimeaa, Hawai'i.

good fruit set. “Biloxi” had lewer incidences
of thrips, aphids, and rose bectle [Adoreins
sinicus Burmeister) damage than did other
cultivars in this study [Table 33, Fruit has an
average TS5 of 123 % with consistent sizc
and quality (Table 27,

Misry, “Misty " had an upright growth habit,
and the highest shoot count (Table 1), The dark
evergreen foliage was especially susceptible
to thrips damage and turned rusty brown when
infested. *Misty’ showed high quality, Prun-
ing stimulated new shoot growth, In Florida,
‘Misty” can be partially to completely ever-
green, and tends o produce excessive flower
buds. We did not see this tendency during
the duration of this stady bt expect that it
will apply in Hawai’t, Winter pruning was
recommended o reduce number of Aowering
shoots (1),

Sharpbiue. *Sharpblue’ had an upright
growth habit, with vigorous, dense canopy. It
was susceptible to thrips mfestation. Periodic
thinning of the shoots and spray with approved
inseeticide was needed to control thrips. Fruit
varied i size (1.3 w 3.5 g), color (blackish
blue to blue), and quality. TSS averaged [3,2%
(Table 2).

Sapphire. " Sapphire” was reported to be less
vigorous than 'Sharpblue’ (1) and it seemed
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10 be true m our study {Table L) In Hawai'i
“Sapphire’ had an upright growth with sparse
canopy. This cultivar was highly susceptible
o rose beetle and thrips. “Sapphire” could not
support a heavy fruit load and needed periodic
prming to maintain plant vigor, The TSS av-
eraged 12.1 % (Table 2). The berry gualities
were ligh but gradoally declined at the end of
the season, [n this study, “Sapphirg” had fewer
shoots, and plants were significantly shorter
and narrower than other cultivars (Tahle 1.
“Sapphire’ had less vegetative growth (Table
I a high woial yield (Fig. 1), Fruit thinning
may be reguired as a quality management
strategy for this cultivar.

Jdewel, “lewel” had a vigorous spreading
canopy. Shoot growth was consistent and
strong. [ was resistant to rose beetle feed-
ing, “lewel” had the lowest vield among the
six varieties (Fig, 1), and appeared 1o enter
a natural vegetative dormancy and a distinet
fruiting season during the trial. This was pos-
sibly related 1o lack of chilling. Berries were
farge, Light blue, with anaverage TS5 of 12.2
% (Table 2).

Emerald. *Emerald’ had a vigorous, low,
spreading, bushy growth habi (Table 1), and
the plant supported a reasonable fruit load
{Fig. 11 The toliage was evergreen and resis-
tant torose beetle and thrips, Fruit was of high
quality. Berry color was light 1o medium blue
and had the fewest blemishes. The fruit TSS
averaged about 12.3% {Table 2). The fruit had
the largest average weight and diameter ol the
blueherry cultivars in this study.

Fraft gualite, Most berries harvested
during this trial bad dark blue and shiny skin,
not the sky blue skin color with waxy bloom,
a5 shown in hluchermy pursery catalosues.
The windy environment at the Mealani
Station may have removed the waxy bloom
by physically moving the berries against the
leaves and stems (T} Brazelton, personal
comiin ). Some additional form of wind
protection may be needed 1 lighter sky blue
fruit color i3 preferred for the market,

The southern highbush blueberry cultivars
1 this izl had similar TSS (Table 2). The
flavor of cach cultivar was acceptable in
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intormal taste tests. Both ‘Emerald” and
Misty” had large fruit throughout the study.
‘Emerald” had  signilicantly  heavier and
wider fruit than did any other cultivar in this
trial (Tahle 23, which is in accordance with
published descriptions (1),

FProblems and pests. Birds were the most
serious  problem encountered  during  the
two wvears of prowing blucberries at the
Mealans Station. Turkeys and pheasants fed
on yvoung plants immediately after planting,
cardinals and Japanese white eves (Zosterape

Japonicrs) Ted on frunts. The larger birds were

kept out by enclosing the planting under bird
netting on a metal pipe Fame. However, the
simall Japanese while eve was able to enter
through the eye of the netting and continue o
cause fruit damage, Mylar ribbons and plastic
owl  scarecrows  were 1otally  inelfective.
Finer mesh bird netting was highly effective
m excluding the Japanese white eve from the

planting.
The Mediterranean fruit vy (Cerafitis
coapifata  Wiedemann), onental  fruit fly

(Bactroeera dorsalis Hendel), melon v (8.
cucurbitae Coquillett), and Malaysian fruit fly
(8. farifrons Hendel, are major pests of fnuts
and vegetables in Hawai 'l Froit flies were not
4 problem for the Mealani blueberries during
our field trials becanse farmers in Waimea
hiad adopled the Hawai'l Arca-Wide Frun
Fiv Integrated Pest Management Program
(HAW-FLYPM), a cooperative project by
the LS. Pacific Basin Agricultural Research
Center (UsDA, ARS) and the University of
Hawai 1{9). Qur laboratory studies, however,
showed that blueberry can be infested by both
Mediterranean and oriental fruit flies. Froat
flies will be a serious pest for bluckerry
production m Hawat't if oo control measures
are laken. Therefore, bluchermy growers in
areas with abundant wild fruit, such as guava
{Psicinms guajova L), should consider using
management strategics o minimize
infestation and crop loss caused by fruit
fies (J. Armstrong, Research Entomologist,
Hilo, personal comme ). Oceasionally, aphids
were ohserved on new shoots, but were not
a serions problem. The introduction and
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(2n = 6x = 72}, while the native Hawai'ian
“Ohelo”™ berries (F reticulfanon 5m, and 1, =
frahalae Skottsh,) are diploid (2n = 23 =243,
and will not easily hybridize in nature. South-
emn highbush blucherry, however, is relished
by birds, and has the potential to escape into
the Hawai’tan environment,

Hawai’1i's climate has an advantage for
blucberry production throughouwt the year, Our
study demonstrated that this can be achieved
through growing a mix of southern highbush
cultivars. Further mvestigation will examing
the cultural management of southern highbush
blueberry by pruning techniques 1o achieve
consistent berry production and reduce pest
and disease pressure,
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