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A. Introduction and Overview (By David Himelrick)
1. Production Costs

The costs of blueberry production have been
estimated for Washington state in 1981, Variable
pre-harvest costs tctaled $1293, harvest costs, and
fixed costs $1764. The total costs per acre were
calculated at $4929.00. With a total production
of 8000 pounds of fruit per acre the break even
price was $.62 per pound. The enterprise budget
assumed a return to the grower of $.61 per pound.
These costs assume a mature fully productive
blueberry planting which is not achieved until
eight years after planting. No fruit is normally
harvested until the third year after planting. The
cumulative balance of costs versus returns does not
become positive for 5 to 8 years after planting.
This can present a serious cash flow problem for
mary producers. Production cost estimates from
Washington state are included in Appendix 1.

2. Market Prices

Market prices in 1986 ranged from $10.00 to
$13.00 per 12-pint flat at the wholesale market.
This translates into $1.11 to S$1.44 per pound which
includes the cost of master boxes, pint tills and
shipping and handling costs incurred up to the
terminal market. U.S. producers received $.75 to
$.90 per pound for fruit in 1986. The early season
market begins with Florida and Georgia around the
first week of May. The domestic market sales begin
in force with Norcth Carolina which ccmes into
production the last week of May. This production
concentration continues northward and finishes with
Maine around the second week of QOctober. The only
major off-season imports come from New Zealand
during January and February. The most concentrated
domestic supply is found on the market during July,
August and September. Off-season air freighted
blueberries will occasionally command prices of
$25.00 to $50.00 a flat.

Ret.ail prices for canned blueberries are in the
$§1.69/15 oz. or $1.180/1b. range. I.Q.F. frozen
packages are in the $2.39/16 oz. or @.39/lb. range.
Other frozen packages of blueberries are selling in
the $1.49/12 oz. pr $51.99/1b. Bulk 30 1b.
containers of frozen product are currently selling
for $.85/1b. F.0.B. New Jersey or Michigan.



3. Production

Domestic blueberry production extends from
early season production of the rabbiteye types in
the southern U.S. up the eastern coast to North
Carolina, New Jersey and Michigan with the highbush
varieties, The season finishes in Maine with the
lowbush types. Additional production can also be
found in Washington and Oregon.

Table 1. 1986 North American blueberry crop
Froduction statistics.

CULTIVATED: (000 1bs)
North Carolin@...eeeeeeeseseacssead.s
Michigan.,....ieveveinvnneeenea.57.0
New Jersey...iiciiveeeeeeneesaea 0.0
0 o= =
Washington....v.veiieonnennneenenn
British Columbia....veeeeeneenssns
AR, LA, MS, TN, i ittt nenennnonnas
€ =Yoo = - P
Florida.....uiiinieieeeenerennennacea8

Total cultivated...oee....121.1

D NN &
.

WILD:

Maine....iiiiieirienennnneneeeeeadl,O
Nova Scoti@....veeeeeeeooceennnesoalbo
Quebec..iiiiiiiveeeeeenenoennenaarl0
New BrunswicK......eieseeeeooeesedb.0
Newfoundland.....veeeeeeneneoceeeale?

PIE'II.l...l.l.0..........0....)....6

Total wj-ld......'..........66'5

1986 Total North American
Blueberry Production.........,187.6

Table 2. The major countries which currently export
blueberries to the U.S. 1986.

Country Metric Tons 1000 Dollars
Canada 4,288 3,709
New Zealand 530 1,901
Australia 11 25
Chile 2 5
Mexico 6 2

T S et e i G e e e e s e e T T e —— . — T Y ——— —— S T > W T~ ——p— U t—— > S ——

Total bluzberry imports for 1986 were valued
at §5,642,000 and totaled 4,837 metric tons.



4. Variety Recommendations

Since little or no data on the performance of
blueberry cultivars (varieties) in Central America
currently exists, I would recommend that trial
planting of both rabbiteye and highbush types be
established. The rabbiteye types should perform
better under most climatic conditions encountered in
Central America. The rabbiteye types are generally
more heat and drought tolerant. The following
summarizes the current soutnern cultivars:

In addition to the rabbiteye types a trial
planting of southern highbusk blueberries should be
considered. The following is a list of southern
highbush blueberry cultivars with some information
on what is currently known about them. The
cultivars are place in probable ripening order for a
climate like that of south Georgia.,

a. Highbush Cultivars

'Sharpblue'- Approximate ripening date in lower
South Georgia: early May, low to moderate vigor,
semi-upright, moderately productive, fruit medium in
size, light blue, fairly firm but with a wet scar,
and gcod flavor. Resistant to st2m canker but leaf
diseases can be a problem. Recommended for trial in
zone 9A only (Gulf Coast area)). 300 chilling
hours., 1976 release by Drs. Sharpe and Sherman.

"O'Neal’' (NC1688)~ Approximate ripening date in
South Georgia: early May; southeast North Carolina;
June 1, vigorous, semi-upright, productive,fruit
very large, medium blue, excellent firmness,
picking scar and flavor. Blooms over an extended
perioa in southeastern North Carolina. Tolerant to
some races of stem canker. Recommended for trial in
the coastal plain and piedmont in the southeast.

400 chililing hours. 1987 release by Drs. Ballington
and Draper.

"Avonblue'- Approximate ripening date in low
South Georgia: early to mid May, low vigor, semi-
upright, moderately productive, fruit medium large
in size, light blue, good firmness, dry stem scar
and good flavor. Reccmmended for trial in zone 9A
(Gulf Coast Area). 400 chilling hours. 1977
release by Drs. Sherman and Sharpe.



'Georgiagem' (T285)- approximate ripening date
in South Georgia; mid May; North Georgia and south-
east North Carolina: early June, vigorous,upright,
medium productivity, fruit medium in size with a
good color, firmness, picking scar and flavor.
Probably susceptible to stem blight and canker,
Recommended for well-drained sites in the coastal
plain and also in the piedmont if frost protection
can be provided. 350 chilling hours. 1986 release
by Drs. Austin and Draper.

'Gulf Coast' (MS90) - Approximate ripening date
in South Georgia: mid May, vigorous, semi-upright,
medium productivity, fruit medium in size, firm,
small stem scar and good flavor. 400-500 chilling
hours. 1987 release by Drs. Gupton and Draper.

"Ccoper’' (MS78) - Approximate ripening date in
South Georgia: mid May, vigorous, semi-upright,
medium productivity, fruit medium large in size,
firm, small stem scar and good flavor. 400-500
chilling hours. 1987 release by Drs. Gupton and
Draper.

'Cape Fear' (NC1525) - Approximate ripening
date in South Georgia: mid May; southeast North
Caroline: June 7, vigorous, semi-upright, very
productive and precocious, fruit large to very
large, light blue, excellent firmness and picking
scar, good flavor, susceptible to stem canker and
tolerant to stem blight. Recommemded for trial in
the coastal plain, piedmont and lower mountains in
the southe st. It will be important to start with
stem-canker-free nursery plants. 500-600 chilling
hours. 1987 release by Drs. Ballington and Draper.

'Floridablue' - Approximate ripening date in
lower South Georgia: mid to late May, difficult to
propagate and grow. 300 chilling hours. 1976
release by Drs. Sharpe and Sherman.

'Blue Ridge' (NC1l440) - Approximate ripening
date in South Georgia: mid to late May; southeast
North Carolina: June 12, vigorous, upright,
productive, fruit large to very large, very light
blue, excellent firmness and high acid flavor, wet
picking scar, similar to 'Blueray'. Susceptible to
stem canker but tolerant to stem blight. Recommended
for trial in the coastal plain, piedmont and
lower mountains in the southeast, but only for pick-
your-own plantings because of the fair picking scar.
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It will be important to start with stem-canker-free
nursery plants. 500-600 chilling hours. 1987
release by Drs. Ballington and Draper.

b. Rabbiteye Cultivars

'Tifblue’ - Leading rabbiteye cultivar. Very
vigorous and widely adapted. Mid-to-late season.
fruit large, round light blue, sweet, very firm
with a small dry scar. Berries appear to be ripe
several days before full flavor develops. Berries
remain on plant several days after fully ripe.
Georgia 1955.

'Woodard' -~ Early, 7-10 days before 'Tifblue’.
Bush size is the shortest and most spreading of
Georgia varieties. Produces many suckers. Berries
are light blue, firm, large, with excellent quality
when full ripe but very tart until ripe. Georgia
1960.

'Climax' - upright, open plants. Berries are
medium in size, medium dark blue in color, have a
small scar and good flavor. Early season, ripening
3 to 5 days before 'Woodard'. Concentrated
ripening, excellent for machine-harvest. Georgiea
1976.

‘Briteblue’ - Moderately vigorous, grows
upright and open. Mid-season, generally before
'Tiftblue'. Berry firmness, heavy bloom, and small
dry scar combine to make this a good shipper. '
Fruit with good flavor when fully ripe. Georgia
1969.

'Bluebelle'- Good pick-your-own cultivar.
Berries large, round, light blue with excellent ]
flavor that size well throughout the season, Mid-
season. Plants moderately vigorous with upright
growth. Scar tends to tear, not recommended for
shipping. Georgia 1976,

'Delite'-~Upright bush, moderately vigorous.
Season slightly later than 'Tifblue'. Berries are
light blue, often with reddish undercoat; large,
firm with excellent flavor. Berries are not tart
before reaching maturity. Georgie 1969.

Southland'- Moderetely vigorous, dense upright
plant. Berries are light blue, medium large with
gocd flavor. Tend to lose size as season



progresses. Same season as 'Tifblue'. Scar is
small and dry. Georgia 1969.

'Brightwell'- Early, same as ‘Woodard'.
Berries are medium in size and in blue color, with
small dry scars and good flavor. Plant growth is
vigorous, upright and produces enough new canes to
renew the plant. Georgia 1981.

'Premier'~ Earlier (2-3 weeks) than 'Tifblue’.
Large fruit with gocod flavor. Vigorous, disease
resistant, productive. North Carolina 1978.

‘Powderblue’'- Vigorous, disease resistent,
productive. Same season as 'Tifblue' with better
fruit color and more foliage disease resistance.
North Carolina 1978.

"Centurion'~ Later than 'Tifblue'. Adds one
or more weeks to the rabbiteye ripening season in
North Carolina. Good flavor, not as firm and
darker than 'Tifblue'. North Carolina 1978.

'Beckyblue'~Early ripening. Low chilling
requirement (less than 400 hours). Extends the
cultural range of rabbiteye blueberries into South-
Central Florida. Should be interplanted with
"Aliceblue’. Not recommended north of North
Florida. Florida 1978.

'Aliceblue’'~ Early ripening with low chilling
requirement, Similar to and should be interplanted
with 'Beckyblue'. Florida 1978.

'Baldwin'- Productive, late~ripening cultivar
with good flevor and firm, dark-blue fruit. Has
lengthy ripening period; adapted to pick-your-own
and backyard plantings. Georgia 1985,

The following cultivars are low-chilling
tetraploid (Southern highbush) plants and are
included since their climatic adaptability is
within the range of rabbiteye blueberries:

"Avonblue'- Adapted to North Central Florida.
Ripens after 'Sharpeblue' but before any rabbiteye
cultivars. Fruit quality high. Florida 1976.

'Floridablue' and 'Sharpblue'- adapted to
Central and South-Central Florida, considerably
south of the best range for present rabbiteye
cultivars., Suitable for pick-your-own and local

6



markets. Interplant both cultivars for cross-
pollination., Floraida 1976.

‘Blue Ridge'- Early-mid-season cultivar with
mecium-large, firm, hijh acid flavored fruit.
recommended for local sales and pick-your-own in
piedmont and lower mcuntains of Southeastern U.S.
Chilling requirement - 500-600 hours, North
Carolina 1987.

'Cape Fear' - Mid-early cultivar similar in
season to Croatan in North Carolina. Productive
with very large fruit of good color, scar, and
firmness and average quality. Recommended for hand
harvest and commercial shipment or PYO plantings.
500-600 hours chilling requirement, North
Carolina, 1987.

'0'Neal'- Very early ripening cultivar with
large very high quality fruit. Adapted for PYO or
hand harvest for commercial shipment. Chilling
requirement -400 hours. North Carolina, 1987.

Cooper' and 'Gulfcoast' - Moderately vigorous,
upright, productive cultivars with high quality
medium size fruit. Fruit size of ‘'Cooper’ is
larger and 'Gulfcoast'is more productive. Flower
later than 'Climax' and ripen 2-3 weeks earlier
than 'Climax' or 'Premier'. Mississippi 1987.

'Georgiagem'- Moderately vigorous, upright,
productive with medium size fruit that has good
color, small scar, and is firm. Blooms later thsan
'Climax' but earlier than 'Sharpblue' and
"Avonblue' and ripens 2 weeks before 'Climax'.
GCeorgia, 1987.

5. Site Selection

The first critical factor in site selection for
blueberries is soil ph. Blueberries require an acid
soil below a ph of 5.2. This crop also responds very
favorably to high levels of organic matter in the
soil. Well decomposed organic matter should be added
to the planting hole and the plant should be mulched
annually with sawdust or other materials. Much soils
in Central America are much to alkaline for good
blueberry growth and will undoubtedly produce an iron
chlorosis (deficiency) in the plant. Soil ph can be
reduvced through the addition of sulfur. The practical
limitations of this procedure is limited by the

7



natural ph of the soil and its tendency (buffering
capacity) of return to this native ph.

In this case of acid-loving crops such as
blueberries the soil ph may need to be lowered. In
this situation the use of egricultural grade sulfur is
recommended as a soil amendment. One year is
required for bacteria to oxidize sulfur and lower the
soil ph. No more than 400 pounds of sulfur should be
used on established blueberry plantings in one year,
Table 3 give the approximate quantities required to
change the soil ph of various soil types and initial
acidity levels.

T o o o e e e s o o o e o o it o e e . . i (e e s e T e L e e T R i o o s i Y . e e

Table 3. Pre-plant sulfur recommendations to lower
soil ph to 4.5. Pounds of sulfur needed are per

acre. Aluminum sulfate can be substituted at six times
the suggested rates.,

e o o o o o o e e o e~ = ot o ot o e e i e ot e e o = = e 4+ " —— o T o ———— — -

Soil type
Current ph Sand Loam Clay
4.5 0 0 0
5.0 175 530 800
5.5 350 1050 1600
6.0 530 1540 2310
6.5 660 2020 3030
7.0 840 2555 3830
7.5 1000 3040 4560

T e e e o T o o i o o e o i it et e s e s o et e T i o (e s S e i e e ok e . o P i it S G e e S o

The second critical factor is a chilling
requirement for proper flowering. All rabbiteye anc
southern highbush cultivars require at least 250 hours
of air temperatures below 7 degrees Celsius (45
degrees F.) to meet this physiological requirement.
Temperatures below 10 degrees Celsius (50 degrees F)
may be of henefit in meeting this need. Temperatures
above 15 degrees Celsius (59 degrees F) may reverse
the chilling process. Adequate chilling will probably
only be obtained at elevations above 2000 meters (6500
feet) in Central America. Other potential
experimental treatments to chemically break dormancy
include cyanamide (47%)m thiourea (17), oil + DNOC
(5%), KNO3 (5%) -see article attached to bramble
report.

The third critical factor will be the water
requirement of the plants. Blueberries have a
fibrous and limited root system which is inefficient
in foraging for water. The plants will need at least

8



2.5 cm (1 inch) per week of water during the fruiting
season. This will demand the use of supplemental
irrigation for successful fruit production and plant
growth. In most areas irrigation will be required
from November chrough April. In other areas
irrigation will be necessary every month of the year,

Trial Plantings

Since no information exists on the growth,
flowering and fruiting of blueberries under Central
American conditions we can not be certain of their
performance. In this situation I would recommend the
establishment of trial plantings at various locations
which are representative of the typical zlimatic
conditions in the propocsed production areas. Due to
the following cultivars for evaluation:

Highbush Types Rabbiteye Types
Sharpblue Beckyblue
Floradabliue Aliceblue
Avonblue Briteblue
Woodard

Due to the long term nature of a blueberry
planting no reliable data on cultivar performance will
be available for 3 to 5 years from planting. Trial
plantings should be started as soon as possible.
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FLORIDA BLUEBERRY HANDBOOK
P.M. Lyrene and T.E. Crocker

Since 1920, blucherry culture in the United
States has increased from almost nothing to a major
agricultural industry. This growth has been largely
due to the release of improved cultivars, the first
of which were adapted to the northern United
States. These cultivars formed the basis of 2 new
fruit industry which has grown as better varieties
were developed and more growers became familiar
with blueberry culture. Today, about 30,000 acres
of cultivated blueberries are grown in the United
States, primarily in New Jersey, Mickigan, and
North Carolina.

The success of blueberry cultivation in the north-
ern states has stimulated blueberry trials in other
parts of the country. In Florida, Georgia, and other
southeastern  states, rabbiteve blueberries have
shown much promise. The rabbiteve is a southern
blueberry, and differs in several ways from the
highbush blueberries grown farther north. The ber-
ries themselves, however, closelv resemble those
of the highbush, and the two are essentially indistin-
guishable in the marketplace. The high plant vigor
and high yields of rabbiteye blueberries have en-
couraged widespread plantings in Florida, -and it
appears that a sizable blueberry industry is develop-
ing in the state.

This handbook summarizes for growers and po-
tential growers what is currently known about grow-
ing blueberries in Florida. As with most new enter-
prises. much is unknown. but the oldest plantings
ofimproved blueherries in Florida are now 25 vers
ol and el valuable information has been oh-
Lamed by the proncering arowers whao established
then Incaddion improved cuttivars and cultural
miorwation have come from research on hRicberries
whieh heaan at the Uversity of Florida in 1950,
veledhitronal mitoroction i available from nniversity
research and grower experience in North Carolina,
Ceoraia Arkansas, Michizan, and New Jersev, and
from U S0 Departiment of Agriculture blucberry
rescarche Information from all of these SOuUrces is
wsed i this report The best procedures for growing
blueberries ins Flovida are sall being worked out
and erions growers should keep informed on the
Latest developments throueh the Florida Blucherry
Coonwers Assocation and throueh therr county

alends

The Outlook for Florida Blueberries
Blucherry plantings can range in size from a few
plats in the dooryard to 2 large commereial planta-
tion covering many ucres. The needs of the plants

are the same in both cases. Although this handbook
was prepared with commercial plantations in mind.
much of the information is also relevant to doorvard
plartings.

The profitability of blueberry plantations
Florida depends on site selection, enltivar selection,
cultural procedures, and method of marketing
Well-planned and well-managed blucherry furms
zan be quite profitable in Florida. Production costs
ver pound of berries here compare favorably with
those in other areas of the country where good
growers have made good profits. The cost of rood
blueberry land in north Florida compares favorably
with that in the major blueberry states of Michigan
and New Jersey, and Florida plantations reach peak
vroduction sooner because of longer growing sca-
sons. In Arkansas, a profitable blueberry industry
has been established during the past two decades
on soils that are inherently less suitable [or
blueberry culture than many soils in Florida. Well-
managed blueberry farms established in Floridy
during the last 20 years are doing well, further
demonstrating the prafitability of Florida blueber-
ries.

Marketing Florida Blueberries

The method of marketing should be the first
consideration in planning a Florida blueberry farm.
Of the appraximately 500 acres of blueberries cur-
rently in Fiorida, most are sold on the farm with
the customer picking the fruit (you-pick farm). To

' g . N .-

various harvesting machines.

Rabbiteye blueberries may be hasvested by hand or by use of _‘
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he suceesstul with a blueberry you-pick farm, a
grower must enjov working with people and must
be located inan area where potential customers are
available and where the market for vou-pick
blucherries s not likelv o be oversupplied within
the near future. In many parts of Florida where
biueberries can be grown, the vou-pick market is
stll almost untapped. Information is available from
the Extension service on how to establish and run
a vou-pick farm. Diversified vou-pick farms, on
which several different crops are produced, are
otten the most successful.

Only recently have blueberry farms been estab-
lished in Florida for markets other than vou-pick.
These are not vet in full production, and the most
profitable wayv to market the fruit has not vet been
determined. One alternative used by the 8000-acre
New Jersev industry is hand picking into pint con-
tainers for the {resh market. This requires large
amounts of reliable labor.

Mechanical harvest of blueberries is also possible.
A large machine can pick about 3 acres per day.
Mechanicallv-harvested blueberries can be sold on
the fresh market after cleaning and scrting, but this
requires  a  well-adjusted  machine, a  skillful
operator, proper timing of harvest, and suitable
cultivars. Not all the blueberies on a plant can be
picked on a single date because not all ripen to-
gether. Growers may choose to hand harvest the
carliest ripening berries and machine harvest the
rest.

Most of the larve Michigan blueberry crop is
mechanicallv harvested for processing as frozen or
canned  fruit. An  explosion drying process for
blueberries has been developed and is being tested
i Georgla.

A dirst goal of the Florida blueberry industry
should be to suppls {resh bluebernes for Florida
markets. At present, some fresh-pack blueberries
enter the state from Georgia, New Jersey, and
Michigan, but the market is not adequately supplied
from these sources.

An important consideration in the possible export
of fresh Florida blueherries to other states is season
of availability fromn Florida compared to other im-
portant  blucberry production area. The first
blueberries trom carly cultivars are picked about
Maw 15 in North Carolina, June 15 in New Jersey,
and July 10 in southern Michigan. It might be
expected that Florida blueberries would be earlier
than ali of these, but the rabbiteve blueberry is
naturally o late ripener When rabbiteve cultivars
are: crown m the same hield with carly highbush,
the rabhiteves ripen a fnll month fater. Thus, the
first shipment of carly rabbiteves from Gainesville,

Florida would be about Jure 5 in an average vear’
with current cultivars. This wonld overlap the see-

ond half of the North Carelina highbnsh harvest,

but would precede the lamger New Jersey harvest

Becanse the North Carolina blueberry industry i

relatively small (3000 producing acres compared to
5000 for New Jersey and 10,000 for Michizant, the
first halt of June is still a good season for shipping
fresh blueberries. Eventually, a Mav shipping sea-
son will be possible in Florida as carlier ripening
rabhiteye cuitivars and diseuase-resistant highbush

cultivars are developed for Florida. Earlier ripening
will become increasingly important in Florida as
Georgia and other southeastern states become major
blueberry producers.

Costs and Return for Biueberry Farms in
Fiorida

Several independent cost-and-rewurn analvses
have been made for rabbiteve blueberries in the
southeastern United States, and all reach the same
general conclusions. The first is that starting a
blueberry farm is very expensive if land, labor, and
machinery are all purchased and charged 1o the
cost-return ledger. When interest rates on bor-
rowed money are high, a blueberry furin mayv take
many vears to break ever. During the 4 vears that
pass before the first paying crop is harvested, ac-
cumulated interest costs may nearly equal the initial
establishment cost. If a grower already owns suitable
land and some of the necessary machinery, and if
he can provide some of the labor himself. the time
required for the farin to show an overall profit is
greatly reduced. The inputs required in establishing
and maintaining a blueberry farm are listed in Table
1. The total cost for the first vear is about $3000
per acre plus land costs. Most of this goes for purch-
ase of plants, installation of an irrigation svstem,
mulch. peatmoss, and iabor. Maintenance costs it
vears 2 to 4 are zbout $500 to $1000 per acre per
vear.

Tahle 1. lnputs per acre required in establishing a blueberry
farm.

Ygar one

Land costs

Plant costs (604 plants per acre)

irmgation installation costs

Plow land, once, 0.5 hours
(Tractor, plow, and dniver)

Disk Harrow, twace, 0 3 hour each
(Tractor, disk, and driver)

Lay oft rows. once, 0.5 hour
(Tractor and driver)
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Open turrows, twice, 0.3 hour each
(Tractor and dniver)
Apply peat moss, once, 2.0 nours
(Tractor, trailer, and driver)
Fertilize, 5 times
Set blueberry plants, 5.0 hours
(Tractor. trailer and dnver)
Mulch beds 50 hours
Tractor trader and dnyer)
Jngaten ewctnc ty

inputs per year, years 2 and 3
Fartize 5 tmes
Spray 5 tmes, G5 houw eaecn
“Tractor spraver ang dnver)
tAehiciaes & Funqioide as recommended)
Mowna 10 times O 4 hour each
(Tractor mower andg gniver)
Cruming and hoeing, 20 hours
irngation electncity
interest on estabhshment and pre-harvest costs

Harvesting and Marketing

Sickana 1aoor

Labor benelts

Ontanersg

“arke! preparation gncluding markehtig and agvertising)
Janseortiaton

SUREIVTON

Site Selection

Climate. soil. and market considerations are im-
portint in site selection. The rabbiteve blueberry
is decidnous and reguires some cold weather each
winter to induce strong flowering and good fruit set
the following spring. North of Ocala, chilling is
usually sufficient for good vields. Between Ocala
and the northern edge of Lake Okeechobee, lack
of chilling makes the feasibility of large rabbiteye
blueberrv plantations uncertain, and south of
Okeechnbee City, large blueberry plantations should
not be made without extensive preliminary trials.
We expect that part of the region between Ocala
and Lake Okeechobee will become suitable for
large-scale blueberry culture as new cultivars are
developed and more information is accumulated on
how blueberries react to marginally insufficient chil-
ling. In the meantime, only small, experimental
plantations should be considered for this area.

A problem with growing blueberries on the cent-
ral Florida peninsula is that the colder valley loca-
tions, which would seem best suited for blueberry
production because they provide the most chilling
and are not used for citrus, are notorious frost
pockets. By sunrise following still nights, tempera-
tures may be 15°F colder in frost pockets than on
surrounding hills. Blueberries are far less prone to
crop loss from spring frost than are peaches and

appies. Nonctheless, frost pockets should not be
used for blueberry plantations anywhere in the
‘state.

L ST &F § 3
'‘Rebbiteye blueberries usually flower in March and ripen in
June,

One factor that favors central Florida as &
blueberry production area is season of ripening. In
the fresh fruit market, the earliest blueberries that
ripen in Florida will receive the best markets and
the highest prices. This will become increasingly
true in the future, as rabbiteye production expands
in Georgia and other southeastern states. Lower
vields on curmrently available cultivars for central
Florida may be offset by higher prices, but it will
probably be years before experience shows whether
cential Florida will come out ahead or behind of
northern Florida in this trade-off. Meanwhile, re-
search is continuing on the breeding of cultivars to
overcome the low chilling problem. Carefully plan-
ned blueberry you-pick farms located near central
Florida population centers do seem to be feasible,
albeit:somewhat risky ventures at present, a primary
risk 'being possible low vields following mild win-
ters.
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Scils

Bluebernies have specialized soil requirements,
and although Florida has vast acreages of soils suit-
able for blueberries, there are many Florida soils
on which blueberrv cultivation should not be at-
tempted. In some areas, suitable and unsuitable
soils occur in close proximity and care must be used
in choosing a site.

Blueberries require acid, well-drained soils. Soil
pH should be in the range 4.0 to 5.2. If necessary,
ask vour county agent how to take a proper soil

‘sample. Soil pH readings from a plot of land some-

times require interpretation in light of the past use
of the land. Woodlands that have never been farmed
or planted to improved pasture should not be used
for blueberries if the pH is above 5.5. On the other
hand, farm and pasture land which has been limed
in the past may have an artificially high pH which
car easily be lowered by addition of sulfur. A pasture
with a pH of 6.5 mav be separated by a barbed-wire
fence from woodland with a pH of 4.0. In such a
case, the pH of the pasture can usually be made
suitable for blueberries if powdered sulfur is har-
rowed into the soil 6 months or more before the
blueberries are planted. Soils high in phosphorus
or calcium do not make good blueberry sites. Grow-
ers in Arkansas have found that blueberries grow
poorly on soils with more than 2000 lbs per acre of
available calcium.

Soil texture and mcisture status are imporiant
considerations in choosing a site for a blueberry
farm. Very coarse, droughty sands, such as those
on which sand pines were native, should not be
used for blueberries. Coarse sands that are slightiy
less droughty, such as those inhabited by the
longleaf pine-turkey oak association, may be suitable
ior bluebeiries, but the timing of irrigation and
feritilization are more critical on soils with such low
water and nutrient-holding capacities. The sandy-
clay soils found in parts of the Florida panhandle

are excellent for blueberries if sufficiently acid, as
they frequently are.

With respect to wetter soils, Florida has large
areas of acid flatwoods, where surface soils are un-
derlain at various depths by a hardpan laver. These
soils can be excellent for blueberries il they are not
too wet and if Phvtophthora-resistant blueberry
cultivars are planted. The best wayv to determine
whether flatwood soils are too wet for blueberries
is to examine them after a period of very wet
weather. If the water table stavs higher than 2 fect
below the surface for longer than 24 hours after a
heavy rain, the land is too wet. Sometimes such
land can be made suitable for bluebherries by digging

drainage ditches and planting the blucherries on
beds, the height of whirh is determined by the
wetness of the la,d.

Preparing Land to Plant Bluebzrries

After land has been located that is in the proper
climatic zone and has a suitable pH and water status,
it must be prepared for planting. What needs to be
donc depends on the condition of the land. Forest
land must be cleared. It should be noted in land
clearing that blueberries grow poorly where piles
of wood have been burned in the previous 5 vears
because ashes raise the <~il pH. On flatwoad soils
underlain by nardpan ana on other poorly-drained
soils, provisions must be made for drainage. These
may include land leveling to eliminate low pockets
where water settles and construction of drainage
ditches. On soils that occasionally become too wet,
beds should be prepared at least 1 foot high. It is
critical that such beds be oriented to facilitate water
runofl. Blueberries should not be planted on beds
if drainage is no problem. Ditch digging, bed con-
struction, and other operations that mix soil horizons
may have an adverse effect on soil pH. Problems
should not be severe if the pH was originally suita-
ble, but high-pH spots caused by soil mixing should
be treated with sulfur before planting.

Any necessary adjustments to soil pH should be
rade well before planting. Soil pH can be lowered
by discing in powdered sulfur. As discussed earlier
with respect to site selection, there are limitations
on how far downward the pH can practically be
adjusted. On soils that are naturally high in pH,
the pH terds ‘o rise back to its original level as the
effects cf the sulfur wear off. Blueberries should not

be planted on such soils. Sulfur can be used effec-

-tively on soils that are naturally at 5.5 or lower and

on soils that were acid in their native condition but
have been limed.

The pH adjustment with sulfur should be done
at least 6 months before planting, because the chem-
ical reaction by which suifur lowers the pH is slow.
If the pH is 5.2 or lower, no adjustment should be
made. Otherwise, the amount of sulfur to add is 1
pound per 100 square feet (500 pounds per acre)
for every pH point above 5.2, The entire ficld
should be treated without regard to where the rows
will be. The soils should be harrowed after the sulfn
has been broadcast to mix the sulfur with the top
4 inches of soil.

In addition to clearing the lund and making any
necessary provision for drainage and pH reduction,
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vou should also begin a weed control program in
preparation for planting blueberries. Weed control
is very difticult in blueberries for the first 2 vears
after planting, and everything possible should be
done hefore plinting to reduce later problems.
Bahiagrass, boaemudagrass, and othe aggressive pe-
rennial grasses should be eliminated by spraying
with glvphosphate in September before winter
planting. In old fields, weeds should be repeatedty
destroved before maturity for one full year prior to
planting blucberries in order to reduce the popula-
tion of weed seeds.

Irrigation

Provision should be made for irrigating blueber-
rics in Florida. On moist soils with good water-hold-
ing capacity blueberries could be grown without
irrigation, but the risk of plant loss during establish-
ment vears and crop reduction in subsequent years
makes this inadvisable. Drip irrigation, sprinkler
irrigatien, and overhead irrigation are three types
that can be used. Drip svstems have been the most
popular with Florida growers because of lower in-
stallation costs and more efficient placement of
water which reduces the amourt of water that must
be added. A reason for minimizing the amount of
water applied, aside from pumping costs, is that
most Florida groundwater has a pH above 7.0 and
contains dissolved calcium carbonate which raises
the pH of the soil if added in large amounts. The
irrigation system should be installed before plant-
ing. Blueberries should be irrigated with discretion.
Rainfall, soil type, plant age, and season of the year
should be considered when deciding whether or
not to turn on the irrigation. In wet vears, irrigation
may not be needed at all. Newly-set plants have
the most critical water needs: they are most sensitive
to overwatering and underwatering. Too much
water is as damaging as too little. In dry years,
irrigation is importar* on fruiting plants during the
fruit development period. Dry weather during this
period followed by heavy rains during ripening can
result in much fruit loss dve to split berries. This
problem can be minimized by irngation during dry
periods in the spring and early summer.

Planting the Bluebearries

Rabbiteye blueberries should be planted in rows
12 feet apart with no more than 6 feet between
plunts within rows. This requires 604 plants per
acre. Higher vields per acre could be obtained in
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years 4, 5, and § by reducing within row plant space
to 3 feet, but this would double the cost of plants.
Eventually plants will sprout cnough suckers to
form a continunus hedge down the row. Plant rows
should be thoroughly disced before planting. Kows
should be run so as to facilitate drainage it drainage
is a problem.

December is the best month for planting blueber-
ries in Florida. January and February are also ac-
ceptable, but give plants less time to establish roots
before spring growth begins. Vigorous two-year-old
plants are best for setting in the field. Small plants
are harder to protect from weeds, and older plants
suffer more transplanting shock. Two-year old plants
have been grown for one year in a lield nursery
following propagation. If plants grown in pots are
set in the field, it is important to break up the root
ball with several vertical slashes of a knife. In trans-
planting blueberries, care should always be taken
to prevent the roots from drying out.

Several studies have shown that burying a gailon
of moist acid peat moss beneath each plant at the
time of planting will result in faster plant growth.
Sawdust and wood chips should not be used in this
way because they take nitrogen from the soil as they
decay. If the planting is made on good blueberry
soil, burying peat moss is not essential, and the cost
of the operation may exceed its benefits. If peat
moss is used, a 2-gallon hole should be dug for the
plant. One gallon of topsoil should be mixed with
1 gallon of moist peat moss and this mix should be
placed under and around the plant’s roots as it is
planted. Another way of applving peat moss is to
spread it in the planting row and mix it with the
soil by use of a rototiller. The peat-soil mixture is
then placed around the blueberry roots when the
planting hole is refilled. Never put fertilizer in the
hole at the time of planting. Blucberries should be
pruned when transplanted to remove 50% of the
top. All flower buds should be removed in this
pruning.

Mulching

Mulching blueberries is expensive in Florida but
highly beneficial. Mulch helps control weeds and
helps to keep the soil moist and cool. Pine bark and
pine straw make the best mulches. Weod chips and
rotten sawdust are satisfactory buat fresh sawdust
should be avoided. A good mulch is 4 to & inches
deep and covers a band 4 feet wide centered on
and running continuously down the plant row. An
alternative which requires less mulch iz to mulch
only the area within a circle fwo feet around each
plant.



Weed Control

Weed control during the first two years is prob-
ably the most difficult problem in establishing a
blueberry plantation. Blueberries grow rather
slowly for the first vear or two and their growth and
survival can be severelv reduced by weed compet-
iticn. erennial grasses should be eliminated by
ploughing or with herbicides the summer and fall
hefore planting. The planting rows should be
thovoughly disced and weed-free at the time of
planting. Mulching is extremely helpful in weed
control. Most blueberry growers try to maintain a
weed-free strip at least 4 {eet wide centered on the
plant row throughout the life of the plantation. The
middles between rows can be allowed to cover with
grasses which are maintained by mowing. Native

grasses or centipede are much cuperior to Bahia-
grass, which grows too fast and requires very fre-
quent mowing.

Herbicides can be uselul in controlling weeds in
Ylueberries if used with great care. Paraquat,
tlyphusphate, and pre-emergence herbicides can
all destroy blueberry plants if misused, and some
are highly toxic to man. Carefully read the safety
precautions on the label before using any herbicide.
If necessary, check with ycur county agent as to
safe use. When plants are small, herbicides are
usually applied with a backpack sprayer. When
plants become larger, herbicides can be applied to
the soil around the plants with a tractor-drawn
sprayer that is shielded to keep the spray from
touching the blueberry plants. For proper her-
bicides to use in young and older blueberry planta-
tions consult Table 2.

Table 2. Some herbicides used for weed control in biueberties.

Common  Trade Formu-* Time of Weeds Controlled and Remarks

Name Name lation Rate** Application

Oichiobenn Casoron WP 8-121bs. Early springbefore  Annual broadieaf weeds and grasses. Follow
G 100-1501bs. weed seed germina-  application immediately with shallow mechanical

tion or after cuitivation. incorporation. Do not use on light sandy soil. Do not
graze livestock intreated area. Do not apply within 1
month of harvest.

Dinoseb Genetal OSWE  1-2qts. Anytime during Controls broadieaf weeds and grasses. Use 10-20

Weed growing season. gals diese! oil or weed oil. Upto 4 applications peryr.

Kifler Use only on piantings 2 yrs. or older. Do not treat 30
days belore harvest. Apply before weeds reach 6in
tall. Avoid contacting crop foliage, blossoms, of fruit
clusters.

Paraquat Paraquat CL 1-2qts. Apply before Controls most annual grasses and broadieal weeds
emergence of new Perennial weeds are desiccated. Use a non-ionic
shoots. spreader at 80z/100 gals. Apply as a coarse spray to

avoid driftinjury from fine spray mist.

Simazine Princep G 50-1001bs. Early springorsplit  Controls certain annual grasses and broaaleat weeds.
WP 2'4-5lbs.  applicationinthe Use Y the rate recommended on plantings less than 6
wWDG 2.2- spring and fall rmonths old. Donot apply when fruitis present. Rate

4.41bs, depends on soil texture.

Terbacit Sinbar WP 2-41bs. Apply eitherinthe Controls annual grasses and broadleaf weeds with

spring or afterharvest partial control of perennials at higher rates. Amount

inthe fall before
weeds emerge or

of product used will vary according to sott lexture and
organic matter. Dc not use on sand or loamy sand with

durning early seedling less than 3% organic matter Avoid contact of foliage
stage of weed growth. and fruit with spray or mist Do nctuse onercded aieas

where subsoil of rools are exposed. Do nctuse on
unhealthy bushes

T WVP-wettabie powde!, G
** Producl per treated acre

-granule, OS.WE-oil soluble, water emulsifiable, CL-concentrated hiquid, WDG-water dispersible granule
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Fertilization

The primary goal in fertihzing blueberries is to
pramote rapid vegetative growth in voung plants
tnsualhy the first 3 growing seasons) and heavy fruit-
ing therealter. A keyv to obtaining rapid early growth
is frequent application of fertilizers that contain
nitrogen in the ammomum form. Ammonium sulfate
15 most often used. Ammonium nitrate and cther
nitrate-containing fertilizers should be avoided be-
canse nitrate ions are very damaging to blueberries
on cortain soil tvpes. Fertilizers of any kind can
downage or kill blucberries when applied in excess.
Blueberries have a low tolerance for fertilizers, and
fertilization rates that are ideal for other crops mav
kill blucherries. Because of variable interactions
between fertilizers and soil types, soil meisture
status, mulching practices, plant age and plant
growth status, it is hard to give simple rules for
fertilizing blueberries. Each grower needs to adjust
his fertilization rate based on the plant response he
observes on his farm. A generalized rule is that
plants during the first 4 or 5 growing seasons should
be given as much ammonium sulfate as possible
without causing fertilizer injury. Mild fertilizer in-
jury is indicated by brown-colored leaf spots, par-
ticulariy around leaf margins and on vounger leaves.
These appear 1 to 5 days after the fertilizer has been
dissolved by rain or irrigation. More severe fertilizer
burn causes leal drop and possibly plant death.
Blueberries should not be fertilized when the leaves
are wet, because oven small amounts of granular
fertilizer that sticks to the leaves and dissolves in
water can burn the leaves.

A new blueberry plantation should be fertilized
according w the schedule deseribed below for the
first vear. The schedule starts with a plantation set
out in December at 6 ft X 12 ft spacing. Do not
fertilize at the time of planting. On February 1, an
azalea-camellia fertilizer mix (approximately 5-10-10
with the nitrogen mainly in the ammonium form or
in the form of water insoluble Ny should be broadcast
evenly over a cirele of 2 ft diameter centered on
the plant, with 1 cunce used per plant (37 pounds
per 600 plants on an acre). Six weeks after this
feriilizer has been dissolved by 0.5 inch of rain or
more, plants should be fertilized with ammonium
sulfate, using 374 ounce per plant (28 pounds/acre)
in a crcle of 2 ft diameter. Ammonium sulfate
shonld be added at 3.4 ounce per plant three more
tunes during the growing season, on approximately
the following dates. Mav 15, Julv 1, and September
oI ramfall over 0.5 inch does not occur within 2
weeks after a fertilizer application, the subsequent
fertilization should be delaved until at least 6 weeks

after rain has dissolved the previously applied fer-
tilizer.

Fertilization the second vear follows the same
pattern as for the first with two exceptions: (I
because the plants are larger, the fertilizer should
now be brasdeast evenly within a cirele of 3 ft
diameter surrounding cach plant, (2} the amount of
ammonium sulfate applied per plant per application
should be increased to 1 ounce. After the second
growing season, the best fertilization procedure will
depend on the growth of the plants. On relatively
fertile soils where plant growth is rapid and plants
are approaching the optimum size for production,
fertilization could be reduced by reducing the fre-
quency of ammonium sulfate appheations

Two other possible fertilization concerns with
blueberries are pH maintenance and micronutrient
provision. Soil pH should be maintained in the
range 4.0 to 5.2. Fertilizer practices, irrigation with
high pH-water, and other processes may cause
rradual changes in soil pH. If soil pH rises above
5.3, powdered sulfur should he broadeast at the rate
of 1 pound per 100 square fee (450 pounds per acre)
over the entire ficld. This should not be disced in
as was recommended for pre-planting sulfur appli-
cation, because discing would damage the blueberry
roots which lie just below the soil surface. Am-
monium sulfate applied as fertilizer will also help
to keep the soil pH low.

Iron deficiéney is & common problem with
blueberries. The most visible symptom is interve-
nial leaf cholorsis, most conspicucus on new growth
flushes. Iron deficiency in Florida is almost alwavs
caused by high soil pIl{ or by excessive calcium or
phosphorous levels in the soil rather than by ack
of soil iron. High pH immobilizes iron within the
soil, making it unavailable to the plant. The best
cure for iron deficiency is to lower the soil pll. In
the short term the problerm can be alleviated by
application of iron chelates (sequestered iron) either
to the soil or directly to the chlorotic leaves as a
water spray.

Pruning

Blueberries should be pruned by removing 30%
of the top at the time thev are transplanted to the
ficld. and all flower buds should be removed at the
same time. One vear later, plants shonld be pruned
to remove all flowers before theyv beain to develop
into frint. Fruit production during the first 2 vears
in the field can slow the growth of the plant. and
should be prevented by prunimg. Most bluebhern
flowers are clustered at the tips of the branches,



1f lett unpruned, a rabbLye Live:
A4 berry bush will eventualiv reach a
A height of 4 1o 7 meters.

and these flowered tips shou'd be pruned off at or
before the time of flowering. Alternately, the flow-
ers could be picked cftf by hand.

Except for flower removal, no pruning is neces-
sary until the plants get too large for casy fruit
harvest. Detailed pruning will promote the highest
vields and greatest plant vigor but requires more
time than most growers consider practical. This
involves removal of dead or damaged wood, removal
of weak, twiggy growth, and selective removal of
older canes to promote bush renewal. Growers have
tested various other pruning systems that give ac-
ceptable results. These range from sawing the plant
back to a height of 1 foot with a chain saw every 5
years to removal of 1 year's growth with a hedger.
The best time to prune bearing plants is shortly
after the fruit has been picked. This gives the plant
time to grow new fruiting twigs that will produce
fruit the following year.

Diseases and Insects

The established highbush blueberry industries in
other parts of the country are afflicted by many
diseases and insects. Currently, blueberry disease
problems in Floiida are being controlled primarily
through resistant cultivars, use of disease-free plants
for planting and by avoiding wet soils as planting
sites. Discase and insect problems can be expected
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+5 mcrease as the Florida blueberry industry gets
older and larger. Insecticides should never be used
on blueberries or any other crop until they are
absolutely essential to prevent serious damage.
Overuse of insecticides kills insect predators, many
of which are other insects, and sets into motion a
vicious cycle in which more and more sprays are
necessary to control insects that were previously
controlled by natural predators. If insects appear to
be a problem, consuit a county agent before spray-
ing.

Birds

Birds can be a problem in blueberries. This is
particularly true with small plantings in urban areas.
Bird damage can be prevented by coverng indi-
vidual plants or entire plantings with nylon or plastic
nets. Various noise-making devices have been
tested with only limited effectiveness. A chemical
bird repellent (Mesurol), which deters but appa-
rently does not injure birds, has been tested by
some growers and has been cleared for use in Michi-
gan.

Rabbiteye Cultivars
The blueberry cultivars discussed in this section

all produce high-quality berries that are essentially
indistinguishable in the marketplace. Although av-



ailable cultivars differ somewhat in such berry
characteristics as flavor, size, color, and seediness,
these characteristics are not as important in the
choice of cultivars for Florida as ripening time,
switability for mechanical harvesting, yield poten-
tial, ability to set crops after mild winters, and
compatibility in cross-pollination. Which cultivars
are best to plant will depend on plantation size and
location and on harvest method and marketing
strategy.

Rabbiteye blueberries require cross-pollination
between different cultivars for accepiable yields. A
minimum of two different culitvars that bloom to-
gether must be interplanted, and there are reasons
for expecting even higher yields when three or more
compatible cultivars are interplanted. Cultivars
should be planted in alternating rows so that each
row is bordered by a row containing a different
cultivar. New cultivars are continually being de-
veloped and tested in Florida, and growers should
check with the county agent for the latest recom-
mendations.

Fruit of improved rabbiteye cultivars are large, light blua in
color, and have a longer shelf life than most other kinds of
berries.

Table 3 gives 1983 cultivar recommendations
grouped according to area of adaptation and market-
ing strategy. For early shipping, Aliceblue, Bec-
keyblue und Climax should be interplanted for good
cross-pollination.  For  vou-pick,  Woodard,
Bluebelle and Delite should be added. To get the
best cross-pollination among these six cultivars, the
three carly cultivars (Aliceblue, Beckyblue, Climax)
should be planted in three-row groupings (ABC,
ABC. ABC. ete.) on one side of the field and

Woodard, Bluebelle, and Delite should be planted
in threc-row groupings (WBD, WBD, WBDjan the
other side. In the panhandle and north of Lake City,
where Tifblue is recommended, it should be added
to the Woodard-Bhliebelle-Delite group.

Table 3. List ot Pecommended Blueberry Cuitlvars for
Florida

Use Category

Cultivar nome 1 3 4 5 6

Aliceblue
Beckyblue
Climax
Woodard
Bluebelle
Delite
Tifblue*
Premier 5
Powderblue 5
Brightwell 5
Sharpblue 4 6
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Use categories: (1) You-pick farm Ocala northward

(2) Eerly shipplng (May 25~June 15) Ocala
northwerd

(3) Late shipplng (June 15-July 5) Ocala
northward

(4) For teat, you-pick, Crlando to Ocala

(5) New. Not thoroughly tested in Florida.
Try cne tout row from Ocala northward.

(6) Highbush. Plant on well-drained solls.

* Tifblue should be plantod only In the

pachandie and riorth of Lake City

Fruit from Aliceblue, Beckvblue, and Climas can
be picked from Junc 1 to June 15 at Gainesville in
an average yvear. This fruit would be the carliest
rabbiteve blueberries on the market. Tt ripens with
the last half of the North Carolina highbush crop.
but the volume of blueberries available at that sea-
son is still low and fresh markets should be gond.
Woodard was excluded from the list of shippiny
berries in Table 3 because its fruit is less firm than
is desirable for shipping. 1t is, however, u reliable
producer and is highly recommended for vou-pick
farms. The ripening season for Woodard averages
about one week after Aliceblue, Beckvblue. and
Climax. For any one cultivar, the harvest period
typically extends over about 3 weeks. By using early
and late cultivars, a grower could extend his harvest
scason to a period of about 6 wecks if this were

desirable.
Yields
Blueberry vield reports vary widelv, depending

on farm lncation, plant age, cultivars. level of man-
agement, and whether or not one averages the



poorer vears in with the better. Pruning and flower
removal prevent fruiting for the first 2 vears after
planting. A crop can be expeeted the third year,
and by the ffth vear, the plantation should be
nearing full production. Good growers in north
Florida report long-term average vields of abont 3
tons per acre per vear. If rejuvenated by periodic
pruning, plantations can be expected to maintain
these vields for 30 vears or more.

Southern Highbush Cultivars

The northern highbush has long been the most
important cultivated blueberry in the U.S. The
large Michigan and New jersey industries are based
eatirely on highbush cultivars, and 90% of North
Carolina’s production is from highbush. The high-
bush cultivars used in these areas are early ripening
and produce high-quality fruit. Unfortunately, they
canunot be prown profitably in Florida because of
their high chilling requirement and disease suscep-
tibifity.

Efforts were begun more than 30 vears ago to
develop varieties of highbush that could be eulti-
vated in the humid sontheast, and these efforts are
continuing. Three cuitivars have been released for
Flonda: Starpbive and Flordablue mature their
crops hetween April 25 and Mav 15 in an average
vear e Gainesville, and these are the earliess
blucherries availuble in the U 50 Avonblue vipens
at Gainesville from May 10 to May 200 Sharpblue
berries are not firm enough to ship well, but Flor-
dablue and Avonblue berries are tirmer

Experimental plantings of these cultivars in
Flornda have Shown that they vield well and that
trait has laeh qualitv. They have also shown two
magor problems: birds and root rots. Birds have
been more serious a problem with highbush than
with rabbiteves for at least two reasons: o Birds
have less other tood to eat at the carlier, highbush
fpening season. and  some migraton
among them the cedir winwing, are abundant in

spueies,

Flonda dering ighbosh season but have Jeic the
arca by rabbiteve season, (b Most expernmental
highbush pltings have been smalll Bivds do prop-
ortionally more damage inosnedl plantings than in
lareer ones

In some locations i Florida, the southern high-
bosh celtivars have faded because of root rots High-
Bisheare mnch more susceptible to this problen
than l'.l})l)ltt'}('\ Root rots are more severe on ll(';l‘.‘)
or poorh-drinned soil than on hehter, well-drained
soils.

Production of highbush blueberries in Florida
will probably someday become an important indus-
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try because of the great advantages of early ripenine.
At present, however, highbush plantations
Florida are still experimental. Growers who pro-
duce highbush blueberries in Florida must be able
to obtain a higher price for their frnit than is received
fur rabbiteyes, because of higher production costs.
Growers attempting highbush production should
choose well-drained soils, mulch heavily, and be on
the lookout for birds and root rots. Bird-repellant
chemicals that do not injure the birds and systemic
fungicides are being tested and may facilitate high-
bush production in the future.

Propagation

Blueberries are propagated by hardwood or
softwood cuttings. Experienced propagators in
Florida can sometimes produce plants large enoug
to set in the field in one year from hardwood cut-
tings, but 2 years is a more reasonable expectation.
A 50-50 volume mixture of Canadian peat moss with
Perlite or of finely-ground pine bark with Perlitc is
ideal for rooting blueberries. Ground beds or raised

Rabbiteye biueberry seedlings are used to deveiop new cuiti- |
vars. Plants for production fields are propagated by softwood
or hardwnod cuttings under mist.




benches may be used. To build a ground bed, first
construct a cold frame with sides 12 inches high.
Place 4 to 6 inches of gravel or pine bark on the
bottom to improve drainage. Cover this with 8
inches of rooting mix. An intermittent mist system
shonld  be provided  for  softwood  cuttings.
Hardwood cuttings can be rooted under mist or
under 505 shadecloth with frequent brief periods
of overhead irrigation.

Hardwood cuttings are taken in January and early
February when stock plants are dormant. Cuttings
should be about 6 inches long. They should be taken
from strong woaod from the previous growing season
that has no flower buds. Such wood can be obtained
from large stock plants that were pruned severely
the preceding spring. Hardwood cuttings should be
stuck - inches deep in the rooting medium, leaving
only an inch or two above the medium. Both
hardwood and softwood cuttings should be spaced
I 172 inches apart in rooting beds. The most critical
period during the rooting of hardwood cuttings is
the 2 months after the cuttings begin to leaf out.
Leafing occurs at least 2 month before roots form.
and even temoorary wilting of the leaves during
this period can greatly reduce the rooting percen-
tage. Intermittent mist, or shadecloth combined
with frequent light irrigation (once each hour of
daylight for 2 minutes cach time) can prevent wilt-
ing.

Softwood cuttings are taken after the first flush
of new growth becomes semi-hard in May. Good
cotting wood can be obtained in large quantities
rom strong stock plants from which all the flowering
branches were removed in early March, Cuttings
shouid be about 4 inches long. No leaves should be
removed except from the bottom 1 inch of the
cutting. Cuttings should be stuck 1 inch deep in
the rooting medium. Intermittent mist should be
provided. Leaves should never be allowed to drv
at any time. A major cause of loss with softwood
cuttings is power outages or pump failures that
interrupt the delivery of mist during hot, sunny
weather. Cuttings frequently defoliate after such an
incident, and rooting rate may be severely reduced.
Most mist systems are equipped with two time-
clocks. One turns the whole system on at sunrise
and off at sunset. Mist at night is unnecessary and
promotes the growth of damaging fungi. The second
timeclock activates a 5-second burst of mist approx-
imately once every 5 minutes. One way to reduce
the risk of cutting loss during power ontages is to
install & mist systers that mists eontinuously during
power outages

Hardwood cuttings stuck in ground beds in Feb-
ruary will generally have roots by May 15, They
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should then be fertilized once every 2 weeks until
October 1. One good fertilization schedule is to
alternate ammonium sulfate with water-soluble 20-
20-20. These should be dissolved in water and
applied as uniformiy as possible with a sprinkling
can. For 20-20-20, dissolve 172 pound water-soluble
20-20-20 in 16 gallons of water. Sprinkle 1 gallon
per 25 square feet over the plant bed and wash the
leaves immediately with irrigation water.

Softwood cuttings stuck on May 15 will be rooted
by July 15. They should then be fertilized every 2
weeks as described for rooted hardwood cuttings.
Root 2d softwood cuttings should be grown for an
additional year before being planted in a production
field. One way to do this is to move them during
December from the rooting bed to a high-density
nursery equipped with overhead irrigation. Flants
should be set 6 inches apart m rows 1 foot apart.
Starting on February 15, plants should be fertilized
every 6 weeks by broadeasting ammonium sulfate
at the rate of 172 pound per 100 square feet over
the tops of the plants when the leaves are dry. If
the soil is good and weeds are controlled, very nice
plants with excellent root systems can be obtained
by the following December.

~or More Information

Check first with your county agent if vou have
questions or problems with blueberries. He mav
have the needed information o know where to get
it. rhe Florida Blueberry Growers™ Association is a
grower organization which has as one of its goals
the dissemination of informaiion on blueberny pro-
duction in Florida. The Associotion normally spon-
sors half-day blueberry growiny workshops each
spring and fall. Your county ageit can put vou in
touch with association officers. L:rge libraries fre-
quently have books and circulars on blueberry pro-
duction. Most of this information pertains to north-
ern highbush blueberries, but saome is relevant to
rabbiteyes. A particularly thorough book s
Blueberry Culture, edited by Paul Eck and Norman
F. Childers, Rutgers University Press, 19¢6, 37§
pages.

Surmmary

Blueberries appear to be one of the most promis-
ing fruit crops that can be grown in northern Florida.
Markets are excellent in earlv june when carly
rabbiteve cultivars mature in Florida. Blueberries
are an excellent crop for pick-vour-own markets.
Blucberrv growing is a very specialized kind of
farming, and prospective growers need to learn all
they can about blueberries before planting.
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Blueberry Produciion Guide
for Souih Carclina

[. D Ridley, Assistunt Professor of Horticulture
B. | Parliman. Assistant Piotessor of Horticultine

The southeastern region of the United States including South Carolin,
North Carolina, Georgia, and Florida has manvwild blueberries represent-
ing, several species. North Caroling produces one of the Largeat hghbush
blueberry (Vaccinium corymbosin awstralel crops in the United States
Flornda and Georgia have developed a profitable rabbitey.: blucherry (1,
ashei) industry. For years many South Carolinians have narvested wild
blueberries throughout the state. Today thereisa great interest in blucberry
production in South Carolina whose climate and soils are suitable for high
quality blueberry producticn.

With modern research and mmproved caltivars (cultivated varicties), the
homeowner as well as the commeraial prower in South Caroling has the
potential t¢ produce a good-tasting and profitable dlucherry crop Depena-
ing on the location in the state, o grower shaula he able 1o produce either
highbush or rabbiteye biucoerries. With carcial attention todocstion, <ile,
soil, moisture, and a pood understandsng of the required culiural practives,
there should be few problems in prowing a succossful brucherry plarting in
South Carolina.

Cullivar Selection

Only recently have blucherries been developed as o major it crop, and
blueberries are one of the few fruit Crops grown prinvarily in ihe Uniledd
States. Dr. F.V. Coville initiated rescarch on blucberries in 190 ane in (o)
introduced ‘Cabot’ "Katherine,” and “Pionecr e the Dirst IWATYTY Wil
blueberries. This was the devinning of the odern Bighbush blaeive
industr_\'. Bv the 197004 MIChIzan . New Joesev, arad Narth Caroiaa have
reported nearly 20,000 acres in highbush blueh ey Productio.

Highbush blucberries are BrOwr rom New England (o e Caronng,s,
Highbush plantings in the South are restrictod because they gave o ratner
tong chilling-hour requirement. Albexeent N.Cealtivars are SUSEC Ve o
stemvcanker discase and regquire spectine sorl ivpes. aghbusn bigencrries are
strong, productive plants that produce large, sweet, highi-blue fruit w hich
ripens during a short concentrated harvest period. The fruit s vaiued 1or
fresh consumption as well as s culinary qualities,

Note: “Culuvar” has reshived Ve T s ter o hade doudlivateag sl ey
“eulivar s now an internationally SCCCPLE LA WD Vel e pled e ition A
the plants that we Brow today can e considerog o w Cenlvars T ahoug iy uesery ding s
C-‘!lﬂi(lgﬁ may stll use the outdated erm, variety



The cultivation of ravbileve dlaeberres bean i Flomaaan 18 Pl e
VT U USSR e B eand Y oo e s i e ey
CIZUTS WIRCD The ads i Gedaiea Dec tse ol poos nortieuitasad Guealy and
HICPCas g avor protienis, GuNLarow, O Woaodaed, and B NMorrow
started o conperative breeding prevcanin dhe lale 19307 Cand today maay
new and improved cultivars have become the basis lor a renessed eabbiteye
nduastry,

Fhe rabbiteve biucherry, whichs genetivallv ditterent from the nanghbuasi,
i< native to southeastern parts of the Uinied States trom southern Georgia to
northern Florida and west into Alabama, The planis are vigorous, L
prowing, long fived, productive, hove oovery short chilling-how tequire-
ment, and have lolerance to heat, droaght, awide venew ol sorl vaoanans,
and manv tvpes of tungal organisms. Fhe firm ond sligghiv acidic et lias o
dry pedicel scar and pood keeping qualine. Rabbiteves, however, ave o few
dranwbacks: Plants mav nol bear at an ape as vouny, as highbuash, they have
anextended pericd for fratt apeming and harveshog the frnt s somewhiat
smalier than the highbush fraitand tends to bo seedy orpritlv i textare; the
berries color before they are vipe and mav crack under wet conditions, Since
rabbiteve blucberries are self-sterile, two or more cultivars st be pianted
together.

South Carolina has locations with environmental and sod quaniies come-
patible with cither the higivbash andior the rabbiteve blueberey. Both high-
bush and rabbiteve have good and had qualities. Depending ontie focation,
site, available cultivaton practices, anamtended use, the potenaad grower
shouwld find one or the other satstactory tor cultivation, lnvestisaaons aie
currently being condavted to develop and evaiuate cuilivars speciacaliv jor
South Carolina,

The following descriptions ol highibusin and rabbiteve blacberies wal
help the grower decide on potentially successful callivars Tora piven loca
tion or site.

Highbush Cultivars

In castern North Carolina the funpus hodryespinierin corlivis couses stem
canker in highbush blucberey. Tins disease is o limiting, factor i hinhibusih
plucherry production, and ondy resistant cuilivars should ve phantea

‘Morrow is the earlivstUripeniy cubinvar swith amedinme-sized, semn o prea
provwth abit; it has canber vesistance and s a pleasanc tasting, i e
fruit. “Morrow’ was developed as o replacement for “Nigioda

‘Angola’ is a very early rineniog caitivar with a larpe, senv-upright cionwih
habit; it has dark, soft. tair-tavored froil, and is canker resistant. “Anesoin’
is sensitive to soil and waier vanaiions,

‘Croatan’ is a midscasoa cultivar with a vivoraus, crect prowth habug il nas
muoderate canker resistance and produaces good Gunlity froil, Croaan’
pertorms better on ligher sonis than many otier caluvars,

Murphy’ is a midseason cultivar with o mediam-low, soreading rowti
haint'; iLis susceptible to some raves of canker; and i has good-bavered
medium blue frot.

Tarr<on” = a midseasan culiivar witia senn=npricin gron th hare i ias
canker resistaonce and large, good quabios

‘Bluechip’ is a nuascason cullivar abotit o week lited than Waoleost vavins
erect, vigoraus, and productive charactenstics, Susceptible to three faces
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ab st canker i precniouse, but ims siown eid toleranee durng
testing,

Joersey’ Woevmaouth,” Rerhedey Blacerop,” and Farlidlue” are «aniker-
susceptible cultivars and i eronwn iy South Carolina wiil praiaoiy have (o
restncted to the apper Picdmont an! mountams, Phants shoubd be obtained
from canker-tree nurseries i the Noorth,

Three new highoush-ty pe coltivars recently acvelaped i Fiorda will ot
be available for retail salos 1or g veararbwo Flosdaoiue,” “haroblue,” g
‘Avonbluce’ were developed as hueh Guaitly, iowsCialiing - requiring, plants
that may eventually have potentia i the fower pari ol South Caroling,

Rabbiieye Culiivars

The rabbiteve cuitivors are Vinotots and produciive. MNost have an oy -
lended harvest period which man DeRin i ote junce and st inte August.
The tollowing fist includes rabbiteve bluebernes with pood rat Gualihes,
and many mav be successtuliv prown i South Caroling. Because of pollina-
tion problems, select two or more cultivars tor any one planting -ite,

‘Woadard’ plants are medium-sizo plants; are carly in ripening; have larpe,
light blue, high quality fruitwith small soft seeds, Wouodard rruit inas boen
rated high for dessert quality.

‘Homebell” plants have o Vigorous upripht growth habi, are cariv niid-
SCASON N ripening with frun tirning bluc oniv when roesand produce
medium to large, shiphtlv dark, fair 1o good qualily trand with siail soft
seeds and deep, but dry, saar,

‘Delite’ plants have an upright >iowds abil are nudscason i CEPCININ a,
have medium o lrpes st oy dark frail with e resture, excellen
tlavor, and a small, drv sear.

‘Southland’ plants have a compact upright growth Babit: ace aidseason oo
late in ripening; and they produce medium (o larse, pood qualice b
with a small dev scar ‘Seathland’ also has Lood ormanienta aaahlico

‘Tifblue’ is at present the standard amany rabbiteve blucocrvios, Pls e
upright and vigorous; are carly (o midweason i ripening aid ey e
duce medium (o large, light Blue, good Guabity frait witive, sinail, dey sear
and small sceds.

‘Briteblue” plants are muoderately vicorons and SPICAUing 1P row L ot

have brivht blue, large, and wair-llavored, fiem feait. Fro ripens shortiv
atter Titblue.”

‘Garden Blue! Dianis Fove o vigorons uprgiit prowth nobin: are Care Mg
SCAsON N ripening and have mediam sized. hehtblue, fne tovored e

‘Blucbelle’ plants have ar g growth habit; are cariv mdseason
ripening; and have large berrics. The berey size makes this cultivar e
cially suited for home plantings,

‘Climax’ plants hove an upright prowtiv habit; are carly in cpeng and
prodace large, sweel truit,

Several new r.)hlnlu_\'v cullivars fve recently been developed butwilt g
be ready for the retail market for another vear or two, Prerner. o -
derblue,” and ‘Centurion’ may eveatually have Poteniigi for Stncess o ab
parts of South Caroling; wiiicas Alicehluc and Hecy biue o I,
uons trom Florida, mav evenluahiv be sailed ondyv tor e more soutieriy
sections of the state,
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Location Selection

For the grower who s considening the purchase of new land, or for the
prowerinterested incommeraal production, the location selection is critical
and may be the single most important factor i determmimgg suceess or
failure. Economic and dimatic considerations consttute the m. yor factors in
location sclection. Market, labor, cquipmie nl mvtenals, and transportation
a\'.m.lhllll\' are important econonic factors, Fora Pck-vour-own vperation,
consider demand and interest of people i vour area.

The chimate of South Caroling is suitable for growing highbusiv and or
rabbiteye blueberries. However, temperature and precipitation are critical
for an appropriate blueberry location.,

Cold Limitations and Chilli.. ~ Hour Requiremenis

The highbush blueberry requires (depending on caltivar) between 630
and 850 chilling hours or hours where temuveratures are below 437 F. Many
cultivars need at least 800 chilling hours (Fipure 1) about the same requine-
ments for peaches. Except for a few of the newest cultivar introduactions,
Florida, sauthern Georgia, and Louisiana cannot fulfill the highbush cold
requirements, and the plants often die without fruiting. Thercfore, high-
bush may not be successtul in the more southerly regions of South Carolina
and wity be limited to the castern and the northeasiern to northwestern
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Rabbiteve needs less vnan oac-third ine chiifhine houes thay haitusg
requires. Two hundred cliathng hours does not atiow novmal shoet ceveds
opment, but as little as 250 « lnlhn;, hours allows normal shoot prowtivang,

31











http:rais,.oI













while the mulch breaks down, nitregen apphications may have to be neardy
doubled

Pruning

Pruning bluebhernies, as with ather trud craps, requires a balanee between
frunt production and <hoot production. ileavy prunmy redaces the crop,
increases the berery size, and lends to shorten the rpening perod Light or
no pruning results ina large sumber of very small bertes aipening over an
extended period. Alight annoai pramine will promote ight pencization ane,
heip keep the plancin a lughiv productive condition.

Blueberry flower buds begin to develop during the summer and continue
dunn;, the cool short davs of Lail, hing dormant in the stems until warin
sping days toree them to bloony, Blueberties can be priacd anv time during,
dm.nnm\' but it is st to prunc in Lde winter or carbv spring just belore
buds begin to swell, Late winter prunimg will allow the srower to chiminate
winler- d.lm.\yvd veood while thinmme, Proning done aiter the buads have
begun to expand will result in injury or loss of vaitable, and deicate, Hower
and shoet buds. When pruning, remember that the weod being cul ol
contains a portion ot the buds for the upcoming fruiting season. Also it tiwe
plantis allowed to overproduce, dhen it will not have the enerpy to produce
enough flower buds for the next scason.

Highbush

Twao-vear-old plants prowing in the fiela for the first vear should have ali
lrumn;, and all weak and twipey wood removed. The ohyecive o the o
vear is to develop a «trong stenm sysiem for the Tuture. In the second veay
very little prunig is necded, but hmited prummg to promoice sirong phant
structure may be ol vajue.

The main canes of mature (Figure 3) highbush blueberries ore alfowed to
prow for 4 1o o vears; then they are removed at the ground ievel, Thus, die
oldest cane out of every six will be removed ev CTUVeAr. Young sirong caries
can be cut back toa strong side-~hoot away from the coenter of dhe piani, ain
cultivars that are heavy bearers can be tip pmm o o Huprove frait que aiily,
The thinning cats open up the conter of the plant to izt Coltivars widhian
upright prowth habit mav necd more center lhuuun;' and cultivars winn
spreading yronth habats will require more lateral prosdy thivamo
succulent shoots rising from e base ot the olant soould oe eV
because diev are not .n'mim'li\'v, are often wilied i the winier, doa e
SUSCEPDIDIC 1O TUBIUS Aiseases,

Raobiteye

Rabbiteve Dlucherries are very vipoious ana reginre VeIV e riin: o
maintmn production. However, haniied praning mav o require o Loy
the plantin bounds, to reduce the xlun\xl\' ol the plant, and Lo promote e
penetration. When required, pruning, cuts are similar 1o hose made on
highbush plants.

GENERAL PRUNING OUTLINE
. remove discased wood
«cul out oldest canes
< remove sacculent sheots
thin tips
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tine soil iine. Weak shoats and water sprouts have been
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e
c g
g
e g
-0
v D
4
3.8
R
in E

40



-

I Cr ey T T~ s
A N, soaNaliN\_ .Y

Ger andditnon,. Tt o Blaciwerry irodudbion

Avon. JaTS g Lo Pl wnd o L N TR Blucberins Ui
Blueberps NGrSer ey N, C.

2. Anon. Yo, Blciveig G e laeniers Butlenimn N OR ] y i).-lnul

3

6.

nment or Aol Wainliiasion . 1 g

Brightweil v FoAOTE Rabivi, Bl Uit oy o TRIRTRIT :
neultire Pxperiment Staton, dSesearch Balienn ¢ L A e, o TRRTE
Fek, oo SN Chiliers oo Lluehyyry Cultirye, Rutgers Cingveragge
Pross, New Druncini, Now Joraesy

Kish, Al Ioand [ohn ¢ Mirvis, 1978 Winter and .‘-1"\.'1“;'_ PCNECTG e
Hazaras 1o Sauth Caraling {'eaches, Apricultaral Weather NENTHIE
Series Jo, Clomson Uiniveraty, Ciemson, s (.

Mainland, C.\1 Jury Cannercial Blucteriy: Drondi tioy Connde for Ny
Carolina, North Caroling Apriculiurg Extension Service, A s,
MeFachern, GR. 1U7S, Coroien e Uriggs, Berries, ad Nuts o 1y, Soiedis
Pacosettor Pross of Gull Pubiishing, Company, Houston, {oyan.
Milholland, R.1). Ronald Jones, and CNC Clavton, 7y Blichorr 1,
cases ine Nortle Carol, i, Avricuiiural Extension Civeular 406, North ' Cu,a
lina Agricultural Extension Serviee, North Caroling Siafe Lanvers,,
Ralvigh, N (.

Ourc«‘k)', DK 39700 1, Strcterry Growpers Handbook: Licludiy. Spece!
PYO Supplenent. T American Fru Grower, Muisior Cublications Wy
louphby, Ohio,

41



The rabbiteye blueberry (Vac-
cinium ashei) ;s a native to southern
Georgia, northern Florida, and
southeastern Alabama. It can he
found growing to a height of 10 fect
alonig the banks of large streams in
these arcas. From these native areas
selections were made in the early
1920's for a breeding program to
improve the fruit quality and pro-
ductivity of the rabbiteve blueherry.
Such varieties as Tifblue, Briteblue,
Climax, Woodard, Bluehelle, Delite,
and Southland have been deveioped
at the Coast~l Plain Experiment
Station at Tifton. These varieties
of rabbiteye blucherrics produce
fruit in quality, size, and volume
comparable to any other type of
blueberry grown in the United
States. With these improved vario-
ties Georgia has the potential for
an expanding commercial blue-
berry industry.

A commercial planting of rabbit.
eve blueberries, although costly to
establish and managze, can return
sizeable profits when recommiended
practices are followed. 1f properly
managed, the first comniercial crop,
though small, can occur during the

Comnmercial
Rabbiteye
Blueberry

Culture

P'repared by

M. E. FERREE, Lxtension Horticulturist

and
M. E. AUSTIN, /Head
Horticulture Department
Coastal Plain f2xperiment Station,
Tifton, Ga

third scason. Yiclds increase as the
plants grow larger. Onee the plant-
ing reaches maximum size for high
production and casy harvesting,
yields of 12,000 to 18.000 pounds
peracre can be maintained annually,
provided all the recommended cul-
tural practices, including irrigation,
are carried out. The length of time
that rabbiteye blueberry plantings
will remain highly productive is not
yet known, but carly plantings made
in 1958 sLill remain profitable.
Current information is available
at yourlocal county Extension office
on the cost of establishing a biue-
berry planting and the potential
profits that can be expected.
Rabbiteve bluehoerry plants have
successlully fruited from the moun-
tinous arca of north Georgria, where
there is an average of 160 frast-free
days, to north central Florida, where
the average frost-free periad is 266
days. However, not all vaneties are
adapted to this wide range of grow-
g conditions, "I'he variety: Wood-
wrd, because of s low challing e
quirement, does well in north central
Florida, but the flowers are subject
to frost damuage when planted in
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northern Georgia since plants 1end
to bloom before the danger of frost
has passed. Tifblue has a longer
chilling requirement and thus does
well in north Georgia but receves
insufficient chilling in coniral
Florida for reliable frnt production
Varieties

Because the rabinteve blaci. .
requires cross-pollination [ i,
mum fruit set, two or mores vag o . -
should be planted. 31 a oz pwa,
season is desired, cariv. micdesca- .
and late virrieties shoulba e inei .
in the planting,

In south Georgia harves: e
for early varictios from June -
June 20, with harvest of e
varietios being completed actw,on
July 10and 20, Tn the Georn i,
tains harvest normaldiv bego, o
July and is comploted i mad oo o,
Aupast The recommendea v o
listed below are in the
ripening

Climax (eary seasons wants g v
upright and open.
medium in <ize and medig. ..
biue m color, have w <nuill <o o
pood flavor. Fruit ripenings e
o 5 davs beiore Woodiee, o e

alviedr ol

l)l‘lv.' .
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stiriveled or averripe froat This
viiely chauld be excelient for me-
chiuncal harvesting.

Woadard (cariy scason) plants are
the shortest and nost spreading of
these varicties. The plant sprouts
over anarea of 3 tod feet i 6 1o 10
yearss Plants do not grow as all as
Tifblue, so they may be picked more
casilv. Berries are light biae, firm,
and very Lirgre carly in the season,
The quatity of the berries is excellent
when thev are fullv ripe bul are very
tart until ripe. Woodard ripens 7-10
days hefore Tifblue. 1t dovs not do
well in the Georgia mountains,

Briteblue (mid-season) is moder-
ately vigorous and grows upright
and opea. Berries are light blue,
farge, very firm with a good favor
when fully ripe. The season of rnpen-
ing is generally before Tifblue, or-
ries are easily hund picked becanse
they grrow in clusters. Mature berries
have a long retention or the plant.

Bluehelle (mid-scasont plants are
moderately vigorous with upright
prowth. Berries are large, round,
light blue, and have excellent flavor.
Fruit ripening begins in mid-scason
and extends over a relatively long
period. Under favorable conditions
the berries size well throughout the
season, thus being an excellent pick-
your-own variety. Berries tend to
tear when harvested: therefore this
variely is not recommended for
shipping.

Tilblue (mid-to-late season) plants
make vigorous, upright growth.
This has been the best commercic)
variety {rom the standpoint of ap-
pearance,productivity, and shipping
qualities. The large, light blue bor-
ries are very firm and are highly
flavored. Berries of this variely, like
Waodard, are very tart until fully
ripe. Berries remain on the plant
several davs after fully ripe.

Southland {mid-to-late season) is
moderatelv vicorous and produces
a dense upright plant. Berries are
fight blue, medium large and have
zood flavor when fully ripe. South-
fand is a good companion variety for
cross-poliination with ‘Tifblue, ripen-
ingz in the same season.,

Delite {late season) is moderately
vigorous, producing an upright

October 1979

plant. Betnes are heeht blue, <ome
frnes beinge o reddish blue when ripe,
They are Larpge and firm, and have
excellent flavor, not sharpiv acid
before Tully ripe. Season s shghtly
Later than Tithiue,

Pollination

Rabbiteye blucherries vequire
crass-pallination for maximuom {ruit
set. Al rabbiteve varicties are al-
most completely self-sterile. Cross
paliiation enhances the develop-
ment of largrer and earlior mat uring
berries.

In a planting of two varietios
where equal numbers of each variety
are to be planted, rows of cach vari-
ety should be set as shown in Figrure
. Where twa varictios are to be
planted with 4 25 (0 % ratio, set
rows of the varicties as shown in
Figure 2. In all blucherry plantings,
regardless of the number of virieties
planted, always make sure that cach
variety is adjacent to a different v
ricty Lo insure maxirnum cross
pollination.

Figrure |
Two Vaneties
%2 Variety A-Y% Varioty 13
ABAABBADR
ABAABDBRADB
ABAABBADR
ABAALBBABR
ABAADBAR

Flyrure 2
s Varietios
% Variety A4 Variety B
AANBAADBA

tabde <howald Tee a deast 20 ek
beiow the surface Blucherey plants
may be planted i peaty hogs only
i drimaze dicches are provided or
the plants are et on rinsed bede,
Dieep sands or heavy clay sails are
the feast desirable sol tyvpes Tar
biveberry production.

Rabhiteve hiueherry plants will
rrow well on nearly every <ol (vpe
i Georgzia but do boest on heht, well-
drained, acid soils with the il pli
Detween 1.5 and 5.2 Recentdy e
land should be avoided. When the
soil pH s too high, poor growth oc-
curs, due to either iron deficieney,
resulting in o chlorotie condition of
the plant characterized by vellowings
of the terminal leaves or to the lack
of the ammonia form of nitrogen
most casily assunifated by the plant.
Where the pHois higher than 505,
ground sulfur or anunonivm soifate
should be applicd to merease soi
acidity. Elemental sulfur does oot
initself affect soil acidity bhut must

Bees are necessary to cross-
pollinate rabbiteye blueberries. Wil
bees, as well as the honeyhee, are of
inestimable value in pramoting
fruit set.

Sail Requirements

Blucherry plants have a very fine
and fibrous root system, but the
roots themselves lack rocl hairs. The
roots develop best in moist, weli-
acrated soil of jzood fertility. Ade-
quate soil drainage is essential (o
prevent root injury from excessive
soil moisture. Therefore, the water
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- Voo et To sudate sl
I sanl mercoranics, Fement]
sudlar must be seorporated o Le
<ol vear beflore pianting blue
berries Sulfur will injure bhiucherry
plant<if it cemes i direct condinet
with the roots. Approximistedy Son
pounds ol <ulfur per aere will changee
the pliof adight <andy <ol from 3.5
to L5 when completely axidized by
satl micrnorpanisms. A heavier Joam
soil mav require from 1.3 1o 1.7 tons
ol elementad suifur to produce the
same cdoction in sol pli,

When the soil pliis too Jow, dolo-
mitic imestone can be applied Lo
rase the sail prl The amount of
lumestone needed Lo bring the pli
ur to the optimum range will de-

|

pend upon the present pH level
and soil type. A soil test recommen-
dation should be followed so that
the appropriate pH adjustment can
be made.

Areas in newly cleared ficlds
where large amouats of wood or logs
have been burned should be avoided
for planting blucberries. The basic
nuneradsin the ash will raise the soil
ptl above the range for best plant
growth,

Soii Preparation

The soil should be prepared at
iwast one season ahead of planting.
Peraistent weeds such as bermudie
arass, johnsongrass, and honey-
suckie need to be eradicated W avoid

T TR T T3
\\'\.‘.‘._-- " \,' ! N . -d’ -
. S A RIS

the ditticuity of weed cantral after
the plants are <ot

Duringthe seqeaan v love planine,
plant a cover crop of nullet in eariv
sununcer andincarporateanto the sonj
that fadl Then plant o cover ctop of
WL rve.
soil test recommendations o pro-
duce the maximum of lush prowth
from the cover crops, Plow under the
winter rve cropin carly spring and
harraw or rototill to prepare the sail
lor piunting..

Fertihre secordimg o

Scelectinges, Handling,
und Setting Plants
Obtain healthy, true-to-name rate
hiteye blueherry plants from a repu-
table nursery. When the plants

STy AT
N L v
" o 4':' -“’

T ™

arvive, immediately open the ship-
ping containers ta check to see that
the roots are still moist, If the plants
cannot be set out immediatelv, store
in i cool place (35-409F) unnl
pluntea, alwavs making sure that
the roots remain minist. Before plnt-
ingcut back all plants to a height
of 4 to 6 inches,

Il vou set phimts 6 feet apant in
rows 12 feet apart, 605 plants will be
required peracre, Hvouare planning:
to machine harvest the fruit with an
over-row hievester, plants set H feet
apart an the rov mav inerease har-
vestng efficienes. This spacing ar-
runzement will require 726 plants
per acre. For U-pick operations. a
spacing of 8 Jeet by 14 feet 1389
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plnte peracter is desiranle
Hiacberres mav be tansplanted
at any Lo dunoge the dormant seas
sortearly December throueh Manelo
except an the novth Georgn nvaan
Apnl

Pt s desved. Son prepatation

s where Maeh ar early

and pianting shoubd e avorded
when the sonf s eveessively wet

Toprepare the planting hales first
open the rows with a nddle buster.
ApplyTh to s hushel of peat ross at
cacn plant locatom, Close the fur-
rows, Ledding <hightlve Afeer the
peal mass s damp irom <ol mois-
ture, reapen the furrows in two die
rections to mix the peat moss with
tiee soul. When the peat moss is wet
and thoroughly mixed with the soil,
the plants can he ot

Another sysiem of <ol propara
tion s da dys individual planting
holes approximately 2 feet i diam-
cterand 2leet deep. Thoroughlv m
corparate )it s hushel of Canadian
peat moss with the coil takeen from
the hole. B sure to soak the jwat
moss before or after incorporation.
Up to 2 pounds of cottonseed mid
may be incorporated along with the
peal Moss Lo incereise (u‘lrl}' growth,

Piants should be set *5 10 1 inch
deceper than they grew in the nursery.
Care shouid be taken to prevent dry-
ing af the fine, fibrous root system
during the transplanting operation.
Since voung blucherry plants are
poor competitors with weeds, heep
thearea within 2 or 3 feet of the base
ol cach plant weed free. Weeds com
pele for ight, mosture, and nuinye
ents, thas suppressing plant groweh,
A mulchol 4 toGinehes of woll roited
sawdust, finely pround pine bari
ar pine straw around the bhase of the
blueberry plant will discourage
weed growth,

Fertilization

The ideal soil pll rangre for bive
berries is LA to 6.2 Rabbitese bine
herry pliant rools ire very sensinve
to readily solubie fertilizers and eim
bhe injured by excescive amounts
The use of iberal quamtities of peat
moss when settmge plants uswadv
resulte o rood growth, however,
best growth s readized i the vonneg
plants are fertilized twace durme e
trst srowing sea<on When Jrrowt
begms. applyv an o circde oae foor in

Fruit South
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armenc around each plant '
ounces of 1205 o 6t entdiser
{sald s erther nursery or tarl Jertie
izer thal contains slow peicase nitro-
gengand repeat agaan i ite Jaly or
carlv. Augusi I vellowing of the
terovinal rrowth occurs
gencrally due ta ron deficieney
caused by ol <o ol one wuncee
of snunaoniem sufat
i July
ferithizer,
chelaced ron until the soil pli drops
below 5.2 wiil also increase plin
growth by correctinggiron deficiency.

The qvcund year cach plant should
reccive £ to 3 ounces of nursery or
turf f('m.l'/.vr i springr (March) just
before growth begins and again i
late Julyv. The amount shoeuld be
increased {doubled on a vearly
basis) as the plants grow older. T
search has <hown that about 60
pounds of actual nitrogen per acre
an G-vear-old plants on sandy soils
produce the highest vields.

Chunges in the fertilization pro-
prars may be necessary if the follow-
ing plant igns are observed: 1) pale

1 .
windch s

~tould be used
instead af the sarsery or tarf

Periodic appeications of

green or vellowssh leaves nnd el of

viger that many he causad by oo
ren, aran, or maensum dehicieney
ar lack of sad o moistore: and
browning of the tps and muargins of

9

the lenves that v bhe caused by
temuch ferti e or too lnde water
Hoany of these plant siygms oceur,
sonand talar samples shaould be
caken for Tuboratory aralyvsis ta de
fermune tae cause of the pralilem.
Nitrate of sodia or caleram nitrate
should not be used vround blucherry
plants.

Sinee most Georpaa soils are Jow
inomagnesium. the apphicanwi ol
magmiesinn sulfate (kpsom Sals
mayv he necessary to ohiGin maxi-
mum plant growth, A sail testis the
casiest means Lo determine the need
for magmesium. When the calcium/
magnesium ratio excewds S then
blueberry plants will likely respond
to an application of magnesium.

Irrigation

Durings the twa years foliowing
planung the root svstem of blue-
berry plants is shallow and requires

petween i and 1T mches of witer
perweelk durme the grovang seison
to eep the plants prrow g vigor
Supplemental
these young plants during drey

onsly vatermypy of

penods wili inerease plant prowth
and thus o by them ante come
n)('u'l.|l [Hmhn'l Vold gl o NoRIpygter g e,

Leration of producigs Diocviwer-y
plantinges durnmg dey periods Deiore
harvest resualts in foreer bermes and
higher vivdds, Also rrigation during
dry penods i Aupust and Septem-
ber will inerease fruit bud formation,
thus increasing potential vield for
the next season,

Mulchingr

Diuchorries grown on the heavier
sots of north Geargia benefic greatly
from mulching, Mulches such as well
rotted sowdust e bhark, and pine
straw reduce evaporation of soil
moisture, reduce soill temperature,
and mercase witer uptake by the
soil, On elay soils mulchings is essens
tial if the planting s without suppio-
mental irrigation, and it is beneheial
with irrigation,

g iy
y e
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HIGHBUSH BLUEBERRY PRODUCTION
IN WASHINGTON AND OREGON

. By Charles C. Doughty, E. Blair Adams, and Lloyd W. Martin

Blueberries are native North
American fruits. Each yeer several
million pounds are harvested from
vrild plants, representing 30 trs 35% of
the annual blueberry harvest.

The commercial blueberry industry
srarted from selections of wild plants
of the species Vaccinium corymbosum
L. and Vaccinium australe Smuall made
by F. V. Coville in 1909. Newer
cultivars have been developed by
crossing these two species. Breeding
programs, in the U.S. Department of
Agriculture as well as the experiment
stations of Michigan, New Jersey,
North Carolina, and others, have
developed cultivars which produce
berries up to three times the size of the
largest wild berries. The cultivars
grown in Washington, Oregon, 'and
Rritish Colurabia are from these pro-
granis.

The United States and Canada pro-
duce 110 to 120 mniillion pounds of
blueberries annually. Table 1 lists
acreage and productioi in 1979; Table
2 lists the commercial harvest from
wild plantings for 1979.

Washington renks fifth and Oregon
sixth in commercial production, for a
combined total of about 8% of the
market supply preduced in North
America. Table 3 shows the statistics
for Washington and Oregon. Varia-
tions in production in other regions ai-
fect the demand for Pacific Northwest
blueberries. Historically, prices have
been  reasonably stable with less
seasonal fhictuation than most other
berry crops.

Northwest bluebeiries are murketed
fresh, processed, and frozen. Table 4
shaws the average nutritive value of
blueberry trunt,

THE HIGHBUSH
BLUEBERRY

Highbush blucherries are perennial,
long-hived, deciduous, woody shrubs

TABLE 1. CULTIVATED HIGHBUSH BLUEBERRY PRODUCTION, 1978

Acres Million Ibs. Lba./acre

Michigan 8,000 35 4,375
New Jersoy 7,000 2 3,150
Morth Carolina 4,000 7 1,750
British Columbia 2,000 6 3,000
Washington 800 4.8 6,000
Orogon 600 34 5,80C
Georgia 600 1.5 2,500
Arkansas 200 5 2,500
Other States 300 - —
Total 23,500 78.3

Source: Phil Shardan, Executive Secretary, North Amarican Blueberry Council,

Marmora, NJ, Januery 1980.

TABLE 2. COMMERCIAL HARVEST OF LOWBUSH BLUEBERRIES, 1673

_— Million lbs. Million Ibs.
Mzaine 17 New Brunswick 4
Nova Scotia 10 Newfoundiand 25
Qusbec 5 Prince Edward Island . 8
Total 39.3
Source: See Table 1.
TABLE 3. BLUEBERRY PRODUCTION
Washington Oregon
1977 1978 1979 1978 1979

Acres harvested 800 8C0 790 450 500
Yield, Ibs. per acre 5,120 6,030 €,070 5,000 5,800
Utilized production

Fresh (000 Ibs.) 642 928 1,412 750 1,500

Processad (000 ibs.) 3.454 3,836 3,383 1,000 1,900
Price per pound

Fresh, ¢ 56.3 68.4 67.3 64.0 66.5

Proceszed, ¢ 60.3 63.1 46.0 67.0 46.6

Combined, ¢ 53.7 64.1 52.3 66.0 53.5
Valus of production {000 $) 2,083 252 2505 1,150 1,883

Source: Washington and Oregon Crop and Livestock Reporting Service.
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growing from 5 to 10 feet tall at
maturity. Blueberries belong to the
tamily Ericacea, which also includes
such plants as azalea, rhododendron,
mountain Jaurel. and heather. Like the
other ericaceous plants, bluebsrries
thrive in acid soils. They do best in
scis with a pH between 4 and 5.

The highbush blueberry is a
shallow-rooted plant, characterized by
a lack of root hairs. The fine, fibrous
roots of the blueberry require an open,
porous soil for ease of growth. Cultivae-
tion, therefore, should be shallow o as
not to injure the root svstem. The
plants usually require 6 to 8 yvears to
reaci full production. Flower buds
farm on last vear's wood. Blueberries
are native Lo moist soils, but the root
zone should be well drained. Vigorous,
productive plantings can develop only
where the soil is not saturated with
water during the growing season and
is saturated only for short perioda dur-
ing the dormant season. The optimurn
soil is a loose silt or sandy loam or an
organic soil (peat or muck) that has
good internal drainage and a water
table at least 14 to 30 inches below the
soil surface. This allows the fine roots
to develop and penetrate the soil for
absorption of moisture and nutriznts.

In generel, the climate and soils be-
tween the coastal ranges and Cascade
mountains in Washington and Oregon
are ideal for blueberries. There are,
however, areas where soils are not
suitable. such as compact eluy soils
that allow very poor internal drainage
and root penetration. Coarse sandy or

because of their peor mutriant and
water-holding capacity.

COLD INJURY

Blueberries are cold hardy to at least
—20°F. in areas where theve is encugh
low temperature to develop full har
diness. Many areas of the Pacific
Northwest, however, do nst have suf-
ficient low temperatures o develop
deep hardiness. Cold injury can occur
wher warmer temperntures are fol-
lowed by severe freazes (Figs. 1 and 2).
Blueberry plants, like many other
deciduous plants, lose herdiness when
temperatures rise higher than about
28°F. during the dormant peried.
They will reharden, to some extent, if
temperatures drop below 28°F., but
generally not to the original degree of
hardiness.

The basel tissue, which connecte the
flower bud to the shoot end contains
the vascular vessels, i the part of the
bud that is most easily mjured during
the dermant pericd. Frequently, the
florecs in a bud show no injury follow-
ing a freeze, but the bud base tissue is
injured. This type of injury can be seen
by slicing the bud longitudinally
through the bud base. When the
flower buds hegin swelling in the early
spring, the florets are the most easily
injured area of the bud. The amount of
growth o new shoot or flower cluster
inakes dometimes depends on the
amount of injury the bud base has ex-
perienced. If the injury restricts the
flow of rutrients and water, the

pravelly  <oils  present  problems growth of the shoot or flswer cluster is
TABLE 4. NUTRITIVE VALUE OF BLUEBERRY FRUIT
R Composition of 100 grams of raw fruit
Water 9 83.2 Minerals P, mq. 13
Food enerqy, cal 62.0 K, mg. 81
Protem, g 0.7 Fe, mg. 1.0
Fat, g 0.5 Na, mg. 1.0
Sohds, Y, 15.3 Vitamin A, IU 100
Cathohydrate, t1otal g 15.3 Thiamine, mg. 0.03
Pentosans 0.98 Riboflavin, mg 0.06
Fiber 15 Niacin, mg. 0.05
et sogar Y 4.89 Ascorbic acid
Al g 0.3 Vitamin C, mg. 14.0
A Caomg 15 Acids (as citnc), % 0.93
Sonne e Avatt and Mernill, 1964
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slow and restricted, or complstely in-
hibited.

Froste during the #pring flower bud
development period also can produce
considerable damnge. The tip buds on
a shoot or the tip florets on a cluster
generally are injured first as they are
the ones that develop first. The
nuirientain the growing bud should be
kept at optimum levels because a defi-
ciency of any nutrient will make buds
more susceplible to frosts during this
period. If plants are deficient, foliar
sprays containing P, K, Zn, and
sometimes B applied every week to
ten days during the spring will reduce
injury or aid in recovery from frosts.

Growing sites with frost pockets
ahould be avoided. The area should be
open to the prevailing air currents so
cold air cun drain out. Trees and brush
around the site should be removed to
allow air drainage.

Full coverage sprinliler systems are
very efficient in reducing frost injury
if sufficient water is available. Ap-
plications of about 1/4 inzh of water
per hour will prevent injury. The
sprinicler systems should be operated
continuously until the temperature
warms sufficiently to prevent freez-

ing.

CULTIVAR SELECTION

Blueberry cultivars are classified as
early, early mid-season, mid-season,
late mid-season, and late. The fruit on
each cultivar ripens over a two- to five-
week period (Tables 5 and 6). Some
cuitivars ripen und hang on the bush
with very little shattering, making
them suitable for machine harvest.
Normal harvest involves picking once
or sometimes twice a week during the
ripening period. Cultivars differ in
their ripening season from year to year
and from location to location in
Washington and Oregon. Early
cultivars begin ripening in the first or
second week of July. Late cultivars
can ripen fruit until early October.

Cultivars that ripen after early
September are rarely used in the
Pacific Northwest because wet

weaiher often disrupts harvest.
Growers should choose cultivars
that best fit their overall farm opera-
tions. U-pick and fresh market
growery may select several cultivars



that succesd each other to extend their
market season. Growers who sell to
processors may choose cultivars that
ripen over s shorter season to shorten
their hurvest period. Early cultivars
ripen during the raspberry harvest
vesson, so growers of both berries may
want to avoid early cultivars. If the
berries are to be hand harvested,
cultivars should ripen when picking
labor is available. Since most berry
pickers are school children, it is
desirable to complete the harvest in
Auguest. It takes 10 to Z0 pickers per
acre to harvest blueberries.

If the berries are to be machine
harvested. cultivars with a short
harvest season are preferable.
Cultivars that ripen over a relatively
long period or shatter from the bush as
goon as they ripen are not suitable for
mechanical harvest. Berries should
hang on the bush for a period of time
but drop off when the harvester
shakes them. Cultivars adapted to
FIG. 1. Dixi blueberry branch in full bloom showsing lack of cold injury from a mid-winter ~ machine harvest are identified by an
low temperature of + 1°F. All these flower buds have developed normally. asterisk in the following descriptions.
Tables 5 and 6 show the rela ive
harvest period for each cultivar.

CULTIVARS OF HIGHBUSH
BLUEBERRIES

The cultivars listed below are ar-
ranged by harvest pericd. Those that
ripen earliest are listed firat.

*Earliblue. Berries are large with
light-blue skin, very firm flesh, good
flavor, subacid, mild, resistant to
cracking. Ripens very early with
Weymouth or Bluetta. Plant is hardy,
upright, vigorous, well shaped, and
productive. Fruit does not shatter.

*Spartan. Fruits are firm, light blue,
large, with high flavor, g¢nd ripen ear-
ly, three to five days after Earliblue.
Plants are vigorous, upright, open
growth habit, well adapted to machine

T A/ s 3 ‘ harvest. Both shoots and fruits are
: EM B ER 0 : e resistant to mummy berry. In Wash-
' AR : ington, ripens mid- to late July.
MAY 72

Blueray. Fruit very large with &
medium light-blue skin, flesh firm,
flavor strong, aromatic and good.
resistant to cracking. Ripens early
FIG 2. Pembar n branch showing severe freeze injury with seven dead flower buds mid-season. Plant is upright. hardy.
from mid-winter low tomperature of + 1°F, spreading, consistently productive.
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and tends to overproduce unless
carefully pruned.

°Patrict. Bush vigorous, open,
upright, hardy, productive. Fruit good
color, good flavor, early mid-season,
tends to overproduce, adapted to ma-
ckine harvest, concentrates harvest.
Bush resisctant to Phytophthora reot
rot.

Stanley. Has mediura to small berry
with medium-blue skin, flesh firm,
flavor highly aromatic. pronounced
spiciness, resistant to cracking.
Ripens early mid-season. Plant js
vigorous, erect, main branches fow,
easy to prune, heavy producer.

*Meader. Vigorous, productive,
erect plants tending to overbear like
Bluecrop. Adaptable to machine har-
vest. Fruit large. clusters loose, firm
uniform size, 80% can be harvested at
first picking, does not shatter or crack.
Flavor mild subacid. Ripens ear}y mid-
season.

Ivanhoe. Berries large with a light-
blue skin, flesh firm, flavor is tart and
highly aromatic, and gocd for pies.
Ripens early mid-season. Plant. is verv
vigorous, upright, not congictently
productive. Fruit cluster is medium
tight.

Concord. Berries are medium sized,
medium blue, flesh firm. Flavor is
shghtly aromatic, fruit cluster small
and tight. Ripens mid-season. Plant is
of medium vigor, upright, spreading,
and preductive. Tends to produce Loo
much fine wood and can be difficult to
prune.

*Berkeley. Berries are very large,
very light-blue skin, and firm flesh,
Herry stores well and does not shatior
from bush. Flavor is mild. Ripens in
mid-senson. Plant is vigorous, open,
spreading, and easy to grow. Resis-
thit Lo cracking,

*I6L-AL Hernes mediuns aize, light

blue, Havor tuirly sweet, does not shat-
fer fromn bush, tends to shrivel when
ity npe Adapted to muchine har
vest o cluster opens medan size Bysh
crect uprzht, average vigor Can be

harvested in one or twn prekings
Ripens with Bluecrop and Berkeley.

*Bluecrop. Berries are medium
large, skin light blue and the flesh
firm, resistant to cracking. Berries
shatter somewhat from bush. Fruit
cluster loose. Flaver is  good,
moderately aromatic, ripens mid-
season. Plants are  vigorous,
spreading, consistently preductive,
drought resistant. Planttends to over-
produce unless carefully pruzad.

Pemberton. Berries are medium to
large, with a very dark-blue skin, flesh
is firm, flavor fair end -clightly
aromatuc, fruit cluster very Inose (Fig.
3). Ripens late mid-season. Plant is
vigorous, very productive, erect. Easy
to grow and prune, difficult to pick.

*Herbert. Fruits are very large,
medium blue, flesh tender, flaver is
very good and aromatic. Fruit cluster
mediurn loose, resistant to cracking.
Does not shatier from bush. Ripens
late mid-season. Plant is cungistently
productive, vigorous, and open

spreading.

*Jeracy, Medium size berry with
medium-blue skin, firm flesh, resis-
tant to cracking. Flavor is fair with
aroma lacking. Berries keep well,
Ripens late. Plant is vigorous, snect,
hardy, and productive. Easy to prure,
easy to pick, fruit cluster loose.

*Coville. Large berry with medium-
blue gkin; flavor is tart and aromatic,

firm. Does not shatter from bush, fruit
cluster loose. Ripens late. Plant is
vigorous, open, spreading, and pro-
ductive. Is easily pruned.

Dixi. Large berry with medium-blue
skin, and pronounced aromatic flavor,
firm, subject ta cracking. Ripens late,
Plant is preductive, vigorous, and
open spreading. Easily picked and
pruned.

*Lateblue. Bush erect. vigorous,
productive. Fruit high flavor, firm,
light blue. ripens late, seven days after
Coville, ripens in a short period of
time,

“Elliot. Fruit is firm light blue,
medium size, good mild flavor, ripens
late, seven to ten days after Lateblue.
Bush productive, clusters loose, mod-
erately resistant to both phases of
mummy berry. Good for machine har-
vest, concentrates harvest to one to
two pickings. Washington season is
mid-Avgust to early September, vig-
orous grower, upright, winter hardy.

PROPAGATION

Large-scale propagation of blue-
berry plants requires considerable in-

®*Suitable for machine harvest.

FIG. 3. A normal size fruit ciuster of Pemberton bluebarries.



wesi sides, and one-half shadz on the
cther sides. Cnz-half chude is enough
for the top. For large-scale propzga-
tion, build the lathhouse 7 feet high so
warkmen can walk under it. The roof
can be flat.

Heating cables. Electnic heating
equipment is = ailable in complete
sets, including thermostats and pilot
lights. Instructions for instullation
are provided by the manuafacturer,
There are at least two tvpes of heatiny:
cables. One is lead-covered: the other
is insulated with a special tvpe of rub-
ber or plastic covering. The lead-
covered cable is more durable but
cests more. Cables can be obtained in
units of several lengths, Cable length
is determined by the area to be heoted.
the amount of heat delivered per foot
of cable, and the total umount of heat
desired. or the difterence hetwvoeen
temperatures inside and outside the
hed The power supplier or a qualiried
deaier can help select the proper
equipment.

Locanion of frames. The most impor-
tant considerations are: 1) conve-
mence for duily ingpection and care: 2)
access to water supply and source of
electricity; and 3} good, natural
drinnage to remove excess water from
underncath the frumes.

To provide drainage, pluce o 3+ or
Vinch lver of coarse grevel or cinders
over the aren te be covered by the
tvmes, extendig ot {ool or maore
bevond each end and side On el
sonls udd Gle drins tocarey o the exe
cessarrpnntion and rain water

Inntallation of propagating beds
nnd cablen. On tap of the conrse gravel
ot cinders, pluce the wooden frame or
fraomes built to secommodate one or
mote 3« 4 toot hotbed sash. Inside
the frivmes, on the gravel or cinders,
putalnver of sund at least Vineh deep
Place the henimgz cuble on this laver of
sand Sand s recommended because
the cuble must be an contact with a
nutterinl that will conduct  heat
unitormiy to the mixture of sand and
There must be no mir
pockets around the cable or it will
become hotter i those spots and even-
tuadiy burn out there

Lay the cablemioops back and forth
dcross the surtuce of the sund ot imeer-

peat above o

vals of a few inchen. Put the rable
loops cioser together near the edges of
the bed where heat loes is grentest.
Cable loops should not touch each
cther or they will get too hot and bum
out.

Lead-covered cable can be luid }oose-
ly on the sanded surfacv of the bed and
covered with an inch of eand. To pro-
tect the sand and eable from being
displaced or damuged, put a sheet of
dil-mesh hardware cloth. cut o fit e
frame, on the send,

If rubber-covered cable is u<el,
fusten it in a suitable arrangement aa-
to hardware cloth and plxce it, cable
down, on the first layer of sand; cover
both cable und hardware cloth with
another laver of sand.

After the eable has been put in place
and protected, add a mixture of the
best grade norticulturn]l pest and
medium (not coarse} clevn sund, The
mixture should be three parts pest o
one part sand by volume and 5 inclaes
deep. The peat must be moistened soit
can be mized uniformiy with the sand.
1t is best to do the mixing cutside the
propagating frame. After putting the
mixturein the frame, press it downun-
ul the surface is smooth, firm, and
level. Give special attention to the cor-
ners of the frame. You arenowready to
msgert the cuitings.

aking cuttings. Hardwood cui-
tngs rool best when taken directly
from the bushes in lste March, just
before the buas start to grow. Be sure
the wood comes from productive
plants that are true to cultivar, Make
cuttings from vigorous unbranched
shoots of the previous year's growth.
The wood should be about the
thickness of a lead pencil and 472 to
inches long. Most cuttings of this
length will huve three to five buds.
Make cuts with a very sharp knife to
avowd brutsing the bark. Make the up-
per cut close above the bud. Discard
wood which bears flower buds because
even one  fruit bud may prevent
roeoting. Discard the basal portion and
the slender tip end of each long shoot
used to make cuttings. On cultivars
that are hard to rool, make the bottom
cut close to a bud. To sumulate
rooting. wound the cuttings by sheing
u 12 to Tanch Jong laver of bark frofh
both sides of the base ef the cutting
Protect the cuttings from drving out

Storage of whips for cuttings. Late
fall and early winter are poor times o
take blueberry cuttings. Late March s
best. If the cutting wood must be
removed from the mother planta dur-
ing Januery or February, cut the
“whips” from the bushes, pack them
in damp peat, and store them at 32° to
45"F. te muke sure the cutting wood
has sutficient chilling to grow. They
can then be taken out and made into
cuttings during the last two weeks of
March.

Inserting cuttings. Insert cuttings
vertically into the peat-sand to half
therr length. In unfertilized beds they
can be spaced sy close as 112 X 4 in-
ches. If the beds are to be fertilized,
space them 3 X 4 inches to allow for
lurger root development. Be sure to
press the peat-sand mixture tightly
sround the base of the cuttings. More
cuttings are probably lost from failure
Lo do thus then from any other cause.
Keep the surface of the peat and sand
level so water absorption will be even.

Bettom heat. Regulate electric bot-
tom heat to keep the peat-sand mix-
ture as near as possible to 70°F. at the
base of the cuttings. Good results
have been obtained by providing bot-
tom heat only during April und May.

Ventilation. As soon as the cuttings
are in place, put the sush on the frames
and keep it tightly closed until the
firgt leaves begin to appesr on the cut-
tings. Then provide slight ventilation
by raising one end of the sash about
3/16 inch. Ventilation is continuous
from this time on. Wacch the frames
closely on clear, sunny days and pro-
vide  additienal  shade if the
termnperature starts to rnise in the
frumes.

Root formation. During April and
May, the cuttings will make top
srowth. About June 1 this will stop
and rooting will hegin In about a
month, top growth will be resumed. in-
dicating that a root system has been
formed. At this time. gradually 1n
crease ventilation until the sash can be
removed permanently

Wiatering  Watering 1~ important
Water as soon as the cuttings are in
place. Keep the peat-sand muist but



not wateriogged. It is sufficiently
moist if some water can be squeezed
out of it. Watering once a week usually
is enough at firat, but more frequent
walering is neceszary when new leaves
have deveioped. especially in warm,
sunny weather,

Remova! of rooted cutiings. Hard:
wond cuttings usually remain in the
frames until the following spring.
Then thev arc removed to be sold or set
OUL 1IN NUrSery rows,

SOFTWOOD CUTTINGS

Sottwood or sumimer cutlings can be
used to good advantage to speed the
propagation of plants of special value
or new cultivars, They are also useful
for propagating such cultivars as Con-
cord, Herbert, Ivanhoe, Stanlev, and
Bluecrop which are ditficult to prop-
pagate from hardwood cuttings. How-
ever, softwood cuttings are more
perishable than hardwood cuttings.
Softwood  cuttings are  started in
plastic-covered frames that raust be
given careful attention to regulate
temperature, moisture, and hunmdity.
Softwood cuttings must be carried
overanextra vear to produce plunts as
large as those from hardwood cut-
tings, Softwond cuttings are started
ander a misting system that will keep
the cutting leaves maoist but will not
waterlog the rooting medium  An
sutomatic svstem that turns on for 12
o 20 seconds every hour is usually
used,

Propagating  structure. Tempera-
tare and humidicy must be controlled
to succeed with softwood euttings, A
shaded plasshouse, glass propagation
cirse or anv structire suitable tor soft-
wood cuttinpgs ot other kinds shoald he
satistactory for the blueberry The
lathhause with sash-covered heds (as
abovey  and  plastwe
precnhouses hive given good resalt s,

deserthod

AMict syvstems are necessary whatever
structnre is used

Bottom beat Hottom hear o< not e
qrvted e roatmg sottwond cuthinges
e thes e rooted i nad suner

when —onl and oor grenerally are warm
enoueli However hotton heat keeps
the tootmg medium temperature con-
stant and helps mammunn umlorm

grow:h. Botiom heat will also compen-
aate for the ceoling effect on the
rooting medium of the inisting water.

Time of teldng. Teke softwood
cutings during the growing seascn.
Early June, as soon as the shoots are
of sufficient length, io the best time in
western Washington., The date is not
as important as the condition of the
wood. Take cuttings before flower
buds start to form. Formation of these
buds inhibits shoot growth un the
cuttings.

Type of wood. Take softwood cut-
tings from shoots thiat would Sear
fruit the following yvear. Make the cut-
tings from new side shouts or lateruls
growing out of the previous year's
prowi b, ‘The hest caltings are made
from shoots cnat ere & to 8 inches long
and srill growing, but old enough 5o
that the basal portion is firm. but not
brittle. Longer lateral shoeots car he
used, but usually the basal portionofa
long lateral is too mature Lo root well,

Making cuttings. The following in-
structions apply w laterals 6 to &
inches iong. When longer ones sre
available, nake them into two cut-
tings. Strip the shoots from the plant
with o downward motion to remove &
bit ot woed und bark (a heel) with egen
cutting Remove the soft upper pos-
tion of exch shoot, leaving a cutting
about H inches long with the “heel’ at-
tached. Remove only two or three
busal leaves—just enough so the cut-
ung can be plunged into the peat-sand
medium o about half its length. The
more leaf ares on the upper portion,
the better. The cuttings do best when
set upright in the medium.

Chemical treatment. In  expen-
ments at Puvallup, 90¢% or more of all
softwud  cuttings rooted  without
benefit of hormones or chemicals.
Therefore,  special  treatment  with
chemicals does not seem worthwhile.

Ventilution,  Softwood  cuttings
which receve too little ventilation are
subject 1o o soft vot or up blight™
tHotrvos) that attacks the succulent
toliage and new growth On the other
hand. too much ventilation causes the
anrooted cuttings to wilt readily. This
means the frames must have adequate

shade whenever the sun is out and
some ventilation almost constartly;
and they must be observed often,
regardless of the weather. A safe rule
to follow is to ventilate just enough to
prevent water from condensing on the
plants, but avoid ventilating enough
to cause wilting.

1f tip blighi becomes troublesome,
apray thz cuttings with Ferbam or
Benlate. if biight persists, sprav the
cutlings and the inside of the prop-
ageting frames three to six times, at
miervnly of one week, covering all
aunrfoces.

Lhading. The most dangerous days
for softwood cuttings are the partly
cloudy ones when the sur comes cut
suddenly and runs the temperzture up
very repidly undzr the sash. This can
happen even under a lathhouse. Be
prepared for such days, and for clear
anes, with extra protection, such as
muslin-covered frames that can be
placed over the propagation bed- Itis
beat to fasten such extra shading on
the inside of the lathhouse rather than
directly on tap of the sash. The same
principles apply when cuttings are
tooled in e glass house or propagating
biox.

Watering. In general, water soft-
wend euttings the seme as hardwood
cuttings. The peat-sand should be
moist when the cuttings are inserted.
“Water-in" the cuttings to settle the
peat-send firmly arovnd them. Soft-
wood cuttings have leaves on them
when set and so are in more danger
from drying cut then hardwoods. In
hot weather, open the frames each
momning and syringe the foliage with
clear, cool water, or set the mist
system timer to keep the cuttings
moist,

FERTILIZERS IN
THE CUTTING BED

Try w produce ss much shoot
growth as possible on cuttings while
they are in the propagating irernes.
Hardwood cuttings first make a lictle
shoot growth, then stop growing while
thev form roots. With bottom heat,
thev form roots by the first of July.
They then gtart to make additional
sheot growth. Thus, thev have threeto
four months to grow before hardening



and dropping their leaves in prepara-
tion for wincer,

There is little available nitrogen in
peat and sand. Nitrogen (N) fertilizer
must he used to obtain maximum
growth. In experiments, hardwood
cuttings rooted with bottom heat
nude 12 to 24 inches of shoot growth
by fall when fertilized: unfertilized
cuttings made one-third to one-half as
much growth.

The only fertilizer element required
is N. This can be supplied as am-
monium  sulfate, ammonium phos-
phate. urea, or any other fertilizer con-
taining N in the ammonium form. The
amount of N in 3/4 ounce (] 1/2 table-
spoon) of ammonium sulfate (2] Nj
isenough fora 3 x 6 foot frame. More s
likely to injure the cuttings. The
amount of other fertilizers to use
depends on the percentage of N they
contain. Soluble fertilizers must be
kept off the leaves since they are likely
to burn them. Soluble fertilizer can be
dissolved in water and sprinkled over
the bed if this is followed by a spray of
water to wash all the fertilizer off the
leaves.

It makes little difference whether
the fertilizer is applied soon after the
cutlings are set, or as late as the first
of July.

Softwood cuttings, like bardwood
cuttings, make more top growth when
fertilized with N, but not as much total
growth in the propagating frames as
do the bardwood cuttings.

Blueberry plants are grown ore or
two vears in the nursery before
transplanting to the field. Three-vear-
old plants make the best growth with
the least mortality after setting in the
field.

PLANTATION
ESTABLISHMENT

SITE

The environment is extremely im-
portant for blueberry production.
Sonls should drain well and not become
walerlogged for prolonged periods
Hlueberoies are not tolerant ot
dronprh, soadequate solb morsture i
the promang: senson 1s 0 necessiiy .
espeaalh dunme Julv and Auguse In
most locations some irrlgulmn IN re-
quired

SOIL

The blueberry is very demanding of
certain soil conditior.9and these condi-
tions must be ma:ntained for suc-
cessful blueberry cuiture. Blueberries
require a sail pH of 4.0 to 5.6. Good
production in some soils with pH 5.5
or even 6.0 eccurs. However, in soils
with pH above 6.0, plantsare apt to be
stunted and hzve vellow leaves and
reduced production The fine fibrous
root system malkes open, porous soils
a necessity: the fin:- blueberrv roots
cannot penetrate # compact, heavy
soil. Light, well-dra:ned, sandy loam
sciis with high org: nic matter make
1deal blueberry soil«

Cultivation. The «1:read of the roots
of the highbush blu: berry during the
first few years usu:lly is no greater
than the spread of :he branches. As
the plants became olc.er, the roots may
extend out beyand t e branch tips to
some extent. Down-ard penctration
is influenced by dru:nage, soil struc-
ture, aeration. moist ure, and organic
matter. Deep cultivition, or soil com-
pactiion. may check (e spread of blue-
berry roots into the r-w middles. Since
blueberrv roots are «. allow and do not
grow into the sub: »il, cultivation
must also be shallow Growers used to
believe that cutting ff roots near the
surface would force e plant roots to
go deeper. However. he depth of root
development is fixe: by the depth of
the topsoil, sa deep ¢ Itivation merely
reduces the total vo: me of roots and
the plant’s ability t« 1bsorb moisture
and nutrients. On s s low in organie
matter, shallow cult: ation avoids ex-
cessive aeration and ecomposition of
organic matter.

Drainage. Althou; the blueberry
requires readily ava: ble moisture, it
will nct tolerate poo: irainage. Roots
held i1 soil saturatec with water may
be killed in only a v . days. Depres-
sions or pockets whe » water collects
should bhe drained. | dging rows be-
fore planting will a1 in draining ex-
cess water awav fror the plant roots.
Blucherry plants w  pgrow on clay
sotls af thev have . equate organic
matter, but clav sor generally have
poor internal drinng. - and lauck aera-
tion. Organic mulert  increase organ:

wu
w

ic matter content and improve soil
structure.

Soil preparation. Blueberries plant-
ed on deep, well-drained soils are the
most productive. A loam or sandy
loam soil with high organic matter 2 to
4 feet deep is best suited for blueber-
ries. With ideal soil conditions and
good cultural maintenance, plantings
may remain productive for 20 vears or
more. On poor sites, growth is slow
and plants are weak and production is
low. Plantings on poorly drained soils
are less vigorous and are more apt to
develop root problems.

A soil improvement program before
planting is reccmmended unless the
area hus been in sod, hay, or other soil-
improving crops. A green manure crop
plowed under before plarting will help
establish organic matter and improve
soil tilth. Cereal rye is good. It should
be planted in early September and
worked into the soil in the spring be-
fore planting. If the cover crop is
allowed to grow longer it may use so
much water that the blueberry plants
will suffer. The cover crop should not
beallowed todevelop beyand the head-
ing stage, even if irrigation is present.
Breakdown of heavy straw requires
large quantities of nitrogen (N). When
large quantities or straw are plowed
under or mixed with the soil, addi-
tional N must be provided or the
available N will become depleted and
not be available for plant growth. If
shavings or sawdust are added to the
soil, additional N should be added.

Barnyard and poultry manure are
good sources of organic matter and
plant nutrients. If available, apply an-
nually during early spring. Use8to 12
tons of barnyard manure, or 5 or 6 tons
of poultry manure per acre. Manure
may be & source of weed seed. Since
manures are low in phosphorus, ap-
plications of commercial fertilizers
will likely be needed. A soil test will
identify specific needs. See discussion
on fertilizers.

Eliminate noxious weeds such as
Canada thistle, quackrrass, and sheep
sarrel hefore planting. Areas that have
been in sod <hould be cultivated or
cropped tor at leasst one vear tokill the
grass. A nematode test to determine
number and kinds of nematodes is gs-
sential Fumigation mav be advissble


http:theplantsbecormeoh.er

-if nematodes are present.

In most soila, compaction some
times develops in the subsurface
levels. therefore, it is advisable to sub-
soil all mineral sovils to an 18&inch
depth before planting. This improves
avration, drainage. percolation of soil
muoisture. and rcot penetration.

PLANTATION DESIGN

AMature highbush blueberries form
shrubsfrom H to R teet talland 4 to 6
feet wide, Size can be controlled by
prunming. out ample spacing should be
allowed tor growth.

The  most  practical  plantation
design will depend upon the cultural
practices to be used. the method of
harvesting and. to some extent, the
marketing nlan.

Spacing. Spacing in the rows can be
trom 4 to N teet, 1t cultivation in both
directions is desired, an R-fool space is
require:t. Row spacing can be from X to
t0 teet. If over-the-row mechanical
pickers are tobe used, rows should be a
minimum of 9 feet apart. See Table 7
for number of plants per acre.

TABLE 7. PLANTING DISTANCES IN
ESTABLISHED BLUEBERRY FIELDS

Plant Plants
___Spacing per acre
5.7 1,244
5-8 1,089
510 871
4 - 10 1,089
8 -8 680
6 - 10 726
7 -7 830
6 -8 907

Hthe plantingzis to be picked with o
mechameal harvester, @ 25-foot head-
Lvad <hemtd be debe it the ends of the
toses toa pronde turming room for the

achine Loz rows are preterahle for
taechamcal pnekers, but short rows or
creccallev s whach tocolleet the fruit
v pehecred b haed pickang and
U b v ety

Plont ooy depend s omenlin ars
sed bty pe Pt crow gz in peat,
mich ornuneral sonds witha high lovel

of organic matter will produce larger
bushes than light sands or sandy
loams, For over-the-row mechanical
pickers, a row spacing of 10 feet or
more and spacing in the row of 4 to 5
feet is suggested. In this arrange
ment, the bushes are pruned as a con-
tinuous hedgerow.

For hand harvesting, especially
where cultivation in both directions is
desired. a row spacing of 10 feet with
plants 7 to R feet apart is recom-
mended. 1n this arrangement, each
plant is maintained as an individual
free-standing shrub.

Closer spacing will produce higher
vields per acre during the first few
vears of production, but will make the
plantings too crowded when the
plants mature in 10 to 12 years. Many
older plantations which were planted
inrows 6 Lo 7 feet apart have had alter-
nate rows removed without signifi-
cantlv reducing vields.

Planting the fields. Blueberries
should be transplanted during the dor-
mant scason. The best time is early
spring before the resumption of
growth. When transplanting estab-
lished plants (older plants from fruit-
ing fields). prune to remove all the top
growth.

Set nurserv-grown plants at about
the same depth as they were growing
in the nursery row. Dig holes in the soll
large enough to accommodate the root
hall. Spread the roots and fill soil
around them. Firm the soil asit is plac-
ed toensure that noair pockets remain
to dryv out the fine roots.

The field to be planted should be
marked off by a tractor-drawn marker
or by a wire stretched across the field.
Mulches around voung plants wili aid
in weed control, conserve motsture,
and improve the soil structure.

Prune broken roots and branches at
the time of plant setting.

PLANTATION
MAINTEMANCE

Rlueberry plantings require o
number ol annual maintenance pro-
cedures such as pruning, fertilization,
irrpzition, pest control, and weed con-
trol. These cultural operationsare tim-
vd to the annual growth cvcele of the

plants which varies from year to year
with climatic and soil conditions. See
Yearly Calendar, Table 8.

PRUNING

The basic job in pruning is to pro-
mote the growth of strong new wood,
increase plant size, and maintain good
fruit production (Dodge, 1969). If too
little pruning is done. the plants are
crowded, with weak, twigiry growth,
and fail to develop strong new wood
for future production. Severe nruning
produces fewer, larger berries and
more new wood. Experience is the best
guide on kow hard to prune.

The best time to pruneis January to
mid-March. However, blueberries can
be pruned any time from the end of
harvest to the start of growth in late
March.

Pruning two- and three-year-old
plants at the time of planting is
limited to removing the older twiggy
growth from the base of the plants,
leaving the strong new growth. The
blossoms should be stripped off young
plants the firat year or two in the field.
Penuitting young plants to set fruit
slows growth. Long-run production
will be best if plant growth, rather
than berry production, is emphasized.

Pruning established mature plants
consists of cutting out, or cutting
back, old canes that have little strong
new wood. and eliminating the weak
twiggy growth in the top or outer
areas of the bushes. Following a series
of steps may systematize vour prun-
ing job and make it easier. The first-
vear canes are nct branched and will
not produce much fruit during the
coming season, but they are essential
to crops in succeeding vears. The
second- and third-year canes have
laterals or twigs with good vigor and
many strong fruit buds. They are the
best fruiting wood.

Fourth year and older wood with
small, weak iaterals and few fruit buds
is not productive. It crowds and
weakens young wood and should be
removed. Cut canes back to the
ground or & strong new side shoot. If
one or two old canes are removed each
vear and one or two new ones pro-
duced. none will be over four to six
vears old—a good goal to work for.

The following is & summary of the



steps to take in pruning:

1. Cut out any canes damaged by
disease, insects, or mechanical causes.

2. Cut out some (usually one or
twol older canes. Choose those with
the least strong growth on them.
Sometimes it will be possible to cut the
cane back to a strong new side branch.

3. Cut out low branches and short.
soft, new shoots that developed from
the base of the plant late in the season.

4. Remove weak, twiggy wood
from the top and cuter parts of the
plant. Remove enough from the top to
let light down into the plant center.
Weak, twiggy wood generally has few
flower buds and produces small ber-
ries,

5. If vour plants tend to overbear.
tip back some o1 the small shoots car-
rving a heavy load of flower buds. Cut
ofl about one-third of the fruit buds.

Blueberry flower buds are near the
tips of the past season’s growth.
Flower buds are larger, fatter, and less
pointed than vegetative buds. Vegeta-
tive buds are farther back from the
shoot tips. They produce the new
shoots for the next season's crop.

Good plant nutrition, aoil moisture,
freedom trom damage by root weevils,
and freedom from competition with
prasses and weeds, as well as proper
prumng, are essential to growth of
strong new wood and berry produc-
tion 1t vour plants do not respond to
pruming, work more on other factors
uflecting prrowth.

IRRIGATION

HBecause they are shallow rooted,
blueherry plants  are  subject  to
drovght imury. A uniform and ade-
quate supply of morsture is essential
foroptonum growth. 1f thisis not sup-
plivd v onatural soil water or rainfall,

rprabion s necessary. bn most aress
ol westere Washington and Oregon,
wrpzation s required to maintain ade-
quite soth mosture from mid-June to

mid September The demand for mojs
tare e grentest from the time of fruit
expatsion until harvest July and
Napustare the lowest rainfali months
and this s the penod when the de-
velopime fran mukes the grestost de
ound - Tlas s also the period when
Horal animtum for next yeur's crop
beyans Hsonl motsture and nutnent <

especially N, are lacking, « reduced set
of buds will occur.

Some of the newer cultivarg are re-
sistant to fruit cracking (eee cultivar
list). However, with a continuous sup-
ply of moisture the fruit akin remains
elastic and cracking is less likely tc oc-
cur. Cracking often occurs after a per-
iod of drought. Fruit growth is slowed
and the skin becomes less elastic.
Then when precipitation or a period of
high humidity occurs, the fruit flesh
swells faster than the skin can accom-
modate it and the skin splits.

Sprinklers are the mast common ir-
rigation methed in the Pacific North-
west. Drip irrigation is used to some
extent. It is best to irrigate thor-
oughly before fruit ripening and agsin
immediately after esch picking if ir-
rigation is necessary.

Irrigation should be frequent
enough to prevent wilting of the
leaves. The amount. of water applied
during each irrigation depends on the
water-holding capacity of the soil.
Enough water should he applied so
that it penetrates as deep as most of

TABLE 8. YEARLY CALENDAR

Growth period Approximate dates

Cultural operations

November to
mid-March

Dormant

Apply fell herbicides, November to
December

Prune

Apply pre-emargent herbicides before
weed growth starts, late February to
mid-March

Appiy dorment spray for scale control

Remove diseased tissue

Leaf bud break
and flower bud
development

Late March to
late April

Apply fungicide for primary mummy
berry and botrytis control (3 sprays)

Make first fertilizer application

Control weeads by cultivation and/or
herbicides

Apply mulches

Late April to
iate May

Bloom period

Apply fungicides for secondary mummy
berry and botrytis on fruits (2 sprays}

Apply insecticides 1o control fruitworm
and aphids, if needed

Introduce bees for pollination

Make second tertilizer application late
May

Apply mulches

Fruit June and July
development

Control aphids, if present

Cultivate for weed control in row
middles

Make third fertilizer applization, mid-
July, if needed

Irrigate as needed

Install bird netting

Harvest July to September

Spray for bird control if not netted
Pick and market fruit
Irrigate as needed

September to
mid-October

Post harvest
growth

Cultivate to control weeds
Irrigate as needed
Remove bird netting
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the roots. About 1 inch per week is a
general rule of thumb., If evaporation
data is available, use it as a guide to
the amount of water to apply. During
warm dry weather, 1/2 inch of water is
evaporated in a single day. Under
these conditions 1 inch of water per

weel isn’t sufficient. Excessive irriga-

tion that penetrates beyond the root
zone is undesirable because it may
leach fertilizer nutrients bevond the
reach of theroots. Too light an applica-
tion that does not reach most of the
roots is just as undesirable. Mineral
suils require more frequent irrigation
to maintain an adequate moisture
level for the plants.

MULCHING

Since blueberry roots grow mostly
near the soil surface. to prevent root
damage any cultivation must be very
shallow and not too close to the plant.
Blueberries grow better on mineral
soil if mulched. Mulching to a depth of
5 or 6 inches with sawdust or some
other suitable material keeps the soil
cool. helps couserve moisture, adds
organic matter to the soil, improves
s0il structure, and aids in preventing
weeds from becoming  established.
When mulches are used. two to three
times tne normal amount of N may be
necessary for the first few vears to
compensate for increased microbial
activity.,

POLLINATION

Cross  pollination of highbush
blueherries causes greater fruit set
and an increzse in seed numbers,
which results in larger and earlier
ripening berries. Therefore, at least
two cultivars of blueberries should be
planted. Tenrows of one cultivar alter-
niated with 10 rows of a different
cultivar should ensure good cross pol-
linntion. Highbush blueberry culti-
vars vverlap enough in time of bloom
to be etfective pollinators for anv
other cultivar,

Pollination dependsinegely on visits

by insects, principalle bees. When
wild hee popubiiions are not suffi-
cient honevhers are recommended
Howevhees wark  most efficiently
whee hoves are placed in o checker-

board pattern throughout the field.

The bees fly further along the rows
than they doacross them. Oreto 1 1/2
hives per acre ere reguired. In plan-
tings with a 9-foot row apacing. place
hives in every tenth row with about
300 feet between hives. For best se-
sults hives should be placed so they
are not, shaded, {ace the sest 20 they
obtain the morning sun gan the en-
trances, &£nd be provided with wind-
break structures. Growers sheuld be
aware of the importance of bees in
blueberry culture and make every &f-
fort to protect honeybees and native
bee populations (see section an pro-
tecting pollinators) and to bring in a
sufficient number of hives to ensure
good fruit set. When weather condi-
tions are adverse to good pollination
{cool, wet weather during bloomi,
honeybees are even more important.

FERTILIZATION
SCILS AND FERTILIZATION

Blueberries are grown on two
distinctly different types of soil: 1}
organic soils; and 2) mineral sailg, such
as clay loam, silt loam, loamy sands, or
sandy loams.

Organic soils yield more nitrogzen (N}
and hold miore water than most
mineral soils. Peat and muck soils hold
so much moisture that they warm up
more slowly than mineral soils in the
spring. Release of native N dependson
the activity of soil bacteria and decom-
position of organic matter, The level of
readily available N remainn low until
the soil begins to warm in the spring
and N release takes place. It may be
necessary to apply a small amount of
N to promote early spring growth,. for
example 1 to 8 tablespoons of am-
monium sulfate per plant, depernding
on age of plant (Table 9).

Blueberries growing on mineral
soils vsuallv need both early spring
and late spring applications of N to
maintain steady growth,

Blueberries grow best in soils with a
pH between 4.0 and 5.0, althoughthey
will grow and produce fairly good
crops at 5.5 or even 6.0. The acidity or
alkalinity of soil is affected, and can be
partially adjusted by, the types of fer-
tilizers which are used to supply
mineral nutrients. Ammonium sul-

fate, for example, used over a period of
years will gradually lower the pH.
Nitrate fertilizers, however, tend to
reise the pH.

NUTRIENT MEEDS OF
BLUEBERRIES

Blueberry plants noed many ele-
ments for normal growth. The three
primary elements, nitrogen (N), phos-
prorus (P), and potassium (K), are
used ir larger quantities than the
other elements. They require frequent
replacement in soils from which crops
are regularly harvested.

Three secondary elements, calcium
(Ca), magnesium (Mg), and sulfur (S),
ere used in smaller amounts but may
require periodic replaceinent in some
soils. These elements are replaced by
adding such minerals as ground lime-
stone, gypsum, dolomite, or powdered
sulfur to the soil. A single application
of these minerals usually lasts several
years.

Micronutrients such as boron, man-
ganese, copper, zinc, iron, molyb-
denum, &nd chlorine are used by
plants in small amounts. Most soils
contain sufficient micronutrients, so
they are added only if abnormal plant
response (generally foliar symptoms)
or a soil or leaf analysis indicates a
deficiency (Tables 10 and 11).

Only small quantities of micro-
nutrients are needed by plants, so they
can be applied as leaf sprays, injected
in the irrigation water, or added to
other fertilizer applications. Blue-
berry plants respond more rapicdly to
leaf sprays than to soil treatments.
Soil treatments last longer, but under
some conditions soil-applied micro-
nutrients are tied up and are un-
avaiiable to the plants, and therefore,
leaf sprays are necesgsary. Certain
micronutrients such as boron (B) and
copper (Cu) can injure plants if applied
at higher amounts than necessary for
plant growth and can cause extensive
damage to blueberries.

NITROGEN (N)

How to determine needs. Nitrogen
needs can best be determined by the
appearance and vigor of plants and by
having a leaf analysis. Healthy blue-
berry plants receiving sufficient N



TABLE 9. NITROGEN (N) RATES FOR BLUEBERRY PLANTS®

Age of plants

Ounces of nitrogen to apply/plantb

Total Ibs. N/acre

from March 15 to per yoar
transplants April 15 June 1 July 1€ (1089 piants/acre)

Newly sgt - 0.2 (13 Vsl
1 year 0.1 0.2 0.2 k)|
2 years 0.2 0.2-0.4 0.2-04 38 63
3 years 0.3 0.2-0.4 0.2-0.4 4- 70
4 years 0.4 0.4-0.6 0.2-0.4 63- 88
5 years 0.5 0.4-0.6 0.2-0.4 70- 94
6 years 0.6 0.4-0.6 0.2-0.4 75-100
7 yeers 0.7 0.4-0.6 0.4-0.6 90-119
8 years or more 0.8 0.6-0.8 0.4-0.6 125-154

3Ra:2s are for mineral scils. On organic soils, normatly only March 15to April 15applica-

tion is necessary.

bO.l oz. N = 1leveltablespoon ammonium sultate, or 2/3 level wxblespoons ammonium

nitrate, or 2 level tablespoons 10% N fertilizer, such as 10-10-19 or 10-20-20.

cNitrogen should be applied after Jui

is available.

y 1 only if plants neec it v :d onfy if irrigation water

20 -

-
(6]

—
()

Lbs./Blueberries Per Bush

FIG. 4. Nitrogen contant of fruiting-shoot leaves and yield per bush (Source: Ballinger,

eral., 1958).

1.80-1.951.95-2.10 2.10-2.25

Percentage Nitrogen in Fruiting Shoot Leaves

have relatively large. uniformly deep-
green leaves and vigorous growth.
Heaithy young plants ahould increase
in size each year; mature plants should
produce enough unbranched new
shoots to replace the old canes and
twiggy growth teken out in annual
pruning.

Blueberrv plunts that do not have
sufficient N show reduced size, poor
leaf color. weak or stunted growth. and
stopping of growth before the end of
the season. A deficiency of N serious
enough to cause reddening of the
folinge will stop growth and reduce
yield. Leaf analysis will detect an ap-
proaching N deficiency before it be
comes serious encugh to cause defi-
ciency symptoms (see standard range
for N, Table 10).

Biueberry plants should remain
green and actively growing unti! mid-
September in western Washington
and Oregon. Active growth too late in
-he fall may result in increased winter
injury.

Red-lenves and poor growth are a
danger siymal. Mors N may be needed,
but these symptoms can also mean
lack of soil moisture, too much compe-
tition from weeds, root weevil injury,
root injury from toeo much water, or
damage to the roots from any cause.
Providing irrigation, controlling
weeds, controlling weevils, or putting
in adequate drainage mav be much
more important than more N fertilizer.

Types of nitrogen fertilizer. Blue-
berries generally respond better when
Nisapplied as ammonium sulfate, am-
monium phosphate, or urea than when
fertilized with nitrate fertilizers.
Plants respond well to ammonium ni-
trete fertilizer and growth continues
later in the summer than with only am-
monium or urea fertilizers. Fertilizers
which contain only ritrate N (nitrate
of soda) may cause injury or reduced
growth and shonld be avoided. Sulfate
forms of fertilizers contain consider-
able amounts of S {(sulfur), usually
enough for blueberry plant needs.

How much nitrogen fertilizer? If
plant growth or leaf analvsis indicates
a need for N fertilizer. Table 9 sug-
gests amounts to apply. The amounts
can be adjusted up or down to change
N fertility for optimum growth and
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production in successive vears.

Cantrolof N levelsis of primary con-
cern in blueberry plantings. Applica-
tions of N should be at a rate of about
125 to 101 pounds per acre or fully
mature planungs after 10 veurs of age.
Sev Table Y for vounger plantingrs,

Foxcessive N should be avoided as
herty praduction can be reduced (Fig.
4 Leaf Nevels ahove 2,10 of dry
wenrht of the leaves will reduce pro.
duction

Ralanee the amount of N tertilizer
iwainst the number and length of
fruiting <hoots and new canes growing

TABLE 10. FOLIAR NUTRIENT LEVELS OF BLUEBERRIES

Deticiency

clement beiow
Nitrogen 1Ny 1.70%
Phosphorys Py 0.10%
Potassium (K, 0.30,
Calcium iCa) 0134
Magnesium (Mg) 0.08°
Sutfur (S) - 0.16%
Mdanganese tMnj 23 ppm
Iron (Fer 60 ppm
Zine (2o 8 ppm
Coppesr (Cu) 5 ppm
Boron (B 20 ppm

Somee

Doughty unpublished data,

from the crowns. This will vary from
one soil type to another. However, the
amount ‘of new growth largelv de
pends on the quantity of N available to
the plant. Sufficient N must be pres-
ent to supply the needs of the develop:
ing  berries, shoot growth, and
development of flower buds, hut not
he pxcessive.

Number of applications. Helatively
small amounts of N applied two or
three times, as supgested in Table y,
are preferable to single heavy applica-
tons. Nitrogen supplies should he

Standard Range Excess
Minimum Maximum above
1 80vo 2.10“!.\0 2.50%,
0.12% 0.40% 0.t 1%
0.35%. 0.65% 0.95%
0.40% 0.80% 1.00%
0 12% 0.25% 0.45%
0.125% 0.20%

50 ppm 350 ppm 450 ppm
60 ppro 200 ppm 400 ppm
8 ppm 30 ppm 80 ppm
5ppm 20 ppm 100 ppm
30 ppm 70 ppm 200 ppm

W E Baliinger, et al , 1958

i) .
Lot Faleveis of 2107 diy weight or higher will cause reduction in yield. See Fig. 4

TABLE 1. BLUEBERRY LEAF NUTRIENT LEVELS IN MATURE PLANTS 6 TO 15
YEARS OLD AND IN FULL FRUIT PRODUCTION

Weeks after first loaf sample June 12

o 2 4
N 743 2.27 202
b 0 015 016
| (a2 (141 041
Lo 0 Gh 0.32 0.m
My (LRI 015 016
For o ') 713 b4l
AMiv 1t 166 16/
t Ao Réd| 31
Cu o prgum 9 7 ]
Vo e 1 1Rl 4
o (AN} 014 ud

1? ..

6 8 10
1.97 1.96 1.99 2.06
012 0.12 0.13 0.14
.49 0.34 0.40 0.39
0.58 0.63 0.62 0.73
0.18 018 0.19 019
85 107 144 125
171 172 188 144
kA 36 43 4?2
/ 8 7 7
HY 8 10 9
013

013 0.15 015

TSLOG dote for eaeh vear was ahout June 17 the first vear, nine vaneties on five
oo were sampded, 21 samples each date The second year nine vanetes on four

Latenye,

WHosanes oach date were anah e
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available to the plant throughout the
growth period. The greatest demand
for N is when the fruit is me _.ing
rapidly, shoot growth is taking place.
und floral initiation occurs. This
generally occurs from late July until
after harvest. If N is low during this
neriod, flower bud development for
next year's crop will be reduced be-
cause the maturing fruit has first
chance at availatle N. Consequently,
flower bud development and shoot
prowth suffer.

Application of N in July depends on
the condition of the plants. If the
plants have made sufficient growth, a
third treatment will not be necessary.
On the other hund, if growth is not ade
quate, additional N will keep plants
growine throughout the seeson and let
flower bud development proceed nor
mally for next vear's crop.

Muke the third application of N only
il zood soil moisture or supplemental
irrigation is present. Fertilizer applied
to & dry soil will remain there until
rains veecur. 1t may cause excessive
growth too late in the fall and make
plants susceptible to winter injury.

PHOSPHORUS (P) AND
POTASSIUM (K)

The bhest way to determine if P
andior K are needed is by soil test and
lea! unalvsis. A soil test will indicate
the parts per million of P and K
available for plant use; leaf analysis
willindicate levels of these elements in
the leaves. Take leaf samples from late
July to mid-August (Table 11) when P
and K tend to be at their lowest levels.
Compare soil test results to Tahles 12
and 13 and leaf analvses to Table 10 to
determine P and K needs. Consult
vour local k. xtension Service Tor inter-
pretation of Lest results.

If soil tests and leaf analvses in-
dicate that P and K are needed in addi-
tion to N, readv-mixed fertilizers of
th» proper ratio, for example 10-20-20,
10-20-10, or 10-10-10, should be ap-
plied each spring. If N is not needed
but P wnd K are, then a readv-mixed
fertilizer such a< 0-20-20 mav be used.
I P ajone i« needed, use 0-1%-0 tsuper-
phosphater or 0-34:0 triple  super-
phosphater Hf N and 1 are needed. but
not K. use 16:20-0 When K only o
needed, use 0-0-52 (potassium sullatel.



TABLE 12. PHOSPHORUS (P) RATES FOR BLUEBERRY PLANMTS

Soil test reading

Appty this amount

P pZO‘j

ppm
Oto 1.0
1.0to 3.0
30t 6.0
6.0t 100
10.0 or more

Lbs. Liss.
40 9
26 29
13 30
0 0
0 0

TABLE 13. POTASSIUM (K) RATES FOR BLUEBERRY PLANTS

Sotl test values?

Apply this amount

High K reserve soiis Low K reserve soils K K»0
npm ppm Ibs. Ibs.

0:0 30 Oto 50 75 90
30t0 60 50 to 100 50 60
60t0 0 100 to 150 25 30

90 to 125 150 to 200 0 0

125 or more 200 or more 0 0

aHigh K reserve soils in Washington are Agnew, Bow, Chehalis, Dungeness, Felida,
Gee, Kelso, Puget (except Puget in Clallam County), Puyallup, Ridgefield, Salkum,
Sultan, and Wapato. They can supply more K than low reserve soils. Oregon growers
contact your county Extension service for recommendations.

Sulfate of potash-magnesia (217 K,
I Soand 109 M) may be used Lo
supply K as well as My, if both are
needed. Uise only the sulfate form of
potassiam fertilizer (potassium sul-
fater - Chlorde  tvpes  {muriate  of
potash) may cause reduced growth
andinjurs toblueberries under certain
conditions

CALCIUMICa), MAGNESTUM (Mg,
AN pHl

Sotd test values of Cy less than 1.50
nulbequivalents and ot My less than
020 nolhequivalents indicate a need
tor these elements Vadues of less than
pHE T oo above plEas imdiente o need
b correction ol soil acidil v

O peat <ol 12 tan of agricultural
Ive wallb provude Cacore 12 ton of dolo-
mite hime will provide Cacoand My
withoui changing the pll appreciably.
Lime gvpeum, and dolonmite should be
apphed in the fall to allow ume for in-

teraction with the soil before the next
growing season.

If the =il test shows that Ca is need-
ed on minersl soils,and the pH is 4.0 or
below, applv 1/2 ton of agricultural
lime per acre.

If both Ca and Mg are needed on
mineral soils. and the pH is 4.0 or be
low, apply 1/2 ton of dolomite lime per
acre,

17 Ca i needed. and the pH is above
5.0, apply 172 ton of gvpsum per acre.

If My is needed, but not Ca, apply
900 pounds of aulfste of potash-
magnesia or magnesium sulfate (Ep-
som saltsi over the rows. Epsom salts
or sulfate of potash-magnesia may be
mixed with other fertilizers and ap-
plied as a regular part of the fertilizer
progrum. 1 this is done, a <oij test
should be made every 3105 vears to be
sure the soil Mg or K is not getting out
efpraportiontoCa. A ratioof Mg toCa
of 1:10 ar a ratio of 1:5 of K to Ca is
about right
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On most blueberry soils {including
mineral and peat soils), the addition of
approximately 4% Mg to che regular
fertilizer will assist greatly in main-
taining Mg levels in the soil. Mast
blueberry plants will show sume Mg
deficiency symptoms in late sumuner.
Generally Lhis is not enough to signifi-
cantly affect yield unless it continues
for several vears, when it will reduce
vigor, growth, and yield.

FERTILIZER APPLICATION

Nutrients in fertilizers are carried
down to tie raot area by rainfall or ir-
rigation. Too much highly soluble fer-
tilizer, such as ammonium sulfate or
potassium sulfate, concentrated in a
small aren above the roots will injure
them. Spread fertilizer evenly over the
outer edge of the root zone, The root
zone generally extends to the outer
edge of the branches {(drip Jine} or
slightly beyond. Rainfall usually will
he adequate to carry the early spring
(bud break) feriilization down to the
root zone. Late spring (Mav) and sum-
mer (July) applications of fertilizer
should be followed by irrigation where
possible.

Fertilizer can be side-dressed by
placing it 2 to 3 inches below the soil
surface at the outer edge of the root
zone. Side-dressing too close to the
blueberry plant will seriously injure
the roots.

Urea may be applied as a leaf spray
when plants show a need for additional
N during times of stress when de-
mands are high. Apply at the rate of 4
Lo 6 pounds of N per acre in 150 to 200
gullons of water per acre.

LEAF SAMPLING FOR
ANALYSIS

leaf sumpling in Michigen in-
dicated that nutrients varied least
during the first week in which 35% of
the crop is harvested and the three
weeks hefore that (Amlirz, 1960). This
suggests that leaf samples for diag-
nostic purpuses should be taken dur-
ing this period.

Leaf sampling in Washington from
the second week of June (Table 11) to
the first week of September indicated
that N, P, K, Zn, S.and Cu were at the
lowest levels during the last week of



TABLE 14. FOLIAR SPRAYS FOR CORRECTION OF

MICRONUTRIENT DEFICIENCIES

Nutnient Material Rate/100 gal. Timing
8 (Boron) Borospray 1.5 Ibs. product Any time leaves
Solubor 1.5 Ibs. product are present
Borax 3.0 Ibs. product
Fe (iron) Iron chelate Followv label Apply to leaves
instructions when symptoms
appear
Mn {Manganese) Manganese 2 Ibs. product Any time leaves
sulfate are present
Manganese Foliow label
chelate instructions
Zn (Zinc) Zinc chelate -2 Ibs. product 1 to 3 times dur-
ing growing
season
Cu (Copper) Copper I'lb. product Ar. - leaves
sulfate ai o
Mo {Molybdenum} Sodium, Ya- % Ib. product/A Any time leaves
molybdate are presant

TABLE 15. MICRONUTRIENT SOIL APPLICATION RATES

FOR BLUEBERRIES

Soil application rate,

Nutrient Material 'bs./A
Boron (B) Borax, 11.3% B 10-20
Tronobor, 14.5% B 8-16
Pclybor, 20.5% B 5.5-1
Iron {Fe) Ferrous sulfate, 34% Fe 10-20
Iron chelate, 10% Fe 15-30
Ferrous ammonium sultate,
14% Fe, 7% N 15-30
Manganese (Mn) Manganese sulfate, 28% Mn 50-100
Zinc (Zn) Zinc sulfate, 36% Zn 10-30
Zinc chelate, '4% 2n 10-30
Copper (Cul Copper sulfate, 25% Cu 30-50
Highly toxic if excessive rate is used.
Tnal application on small area should
be made before g general application
Magneswim IMg) Magnesium sultate 500
Sultate of potash-magnegia 500
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leaves first and on the lower partof the
bush.

Boran (B). Boron deficiency in blue-
herries is recognized by a bluish color
of the terminal leaves, which suddenly
stop growth. This is followed by slight
vellowing between leaf veins and yel-
lowish spotting along the edges of the
younger leaves just below the growing
point.  Leaves  hecome  distorted,
growth ceases, and shoots die at the
tip. Shoot diehack is probably the
most common symptom in horon-
deficient blueberries. The dieback at
Limes creates a witch's hroom, since
Lranches develop lower down an green
tissue and, in turn. die if the deficiency
13 not corrected.

Iron (Fe). A green-veined vellowing
of the youngest tip leaves may in-
dicate iron deficiency in blueberries.
This deficiency takes the form of a
green net over the entire leaf with the
veins, even the subveins, standing out
as green, while the tisone between the
veins is o distinct lemon vellow. This
interveinal chlorosis affects younger
leaves first.

Manganese (Mn). Manganese defi-
ciency. like iron deficiency, occurs on
younger leaves first. It also produces
interveinal vellowing and can readily
be confused with iron deficiency. The
veins generally have a little broader
hand of green than in the case of iron
deficiency. The veins of the leaves
stand out and the tissue between the
veins is a distinct yellow color. As the
deficiency becomes more severe, the
interveinal vellowing along the edges,
resembling magnesium deficiency, de-
velops into dead areas. At times the
first noticeable symptom is a vellow
spotting in the center portion of the
leaves. Other svmptoms appear as
dead spots scatlered over the leaf. As
the deficiency becomes more severe,
these spots will merge and the entire
leaf will die. Generally manganese de-
ficiency is not a problem in the blue-
berry growing sreas of western Wash-
ington and Oregon

Zinc (Zn). Zinc deficiency also ap-
pears as a vellowing of vounger leaves.
In this case, the entire leaf becomes
lemon-vellow If the deficiency is only
slight, the «v mptom may appear in the



fields. Choice of which herbicides to
use depends upon several interrelated
fuctors: weed species present. soil
tvpe, and weather conditions. For cur-
rent. recommendations, check with
vour county Extension office.

BIRD CONTROL

Many species of birds feed on blue
herries. The principal species are star-
sgzs, robins, and finches. Birds can
curvest 100% of the berries if not con-
trolled. Two types of controls are effec-
tive: netiing the fields to exclude the
birds. and spraving with a bird repel-
ent tise of netting on large fields is
seldom  practical, especially  where
large mechanical harvesters are gsed.

Bird netting is a light plastic fabric
which s supported over the entire
field on a lattice of wires and posts.
Properly installed, netting effectively
excludes all birds from the blueberry
plants. Initial cost of nstalling net-
ting is relatively high. but the in-
creased harvest normally will anior-
tize the cost in one or two years. Net-
ung should be removed after harvest
and replaced before the time of fruit
coloning cach vear. 1f left up through
the winter, it can collect ice and snow,
collupse the framework, and damage
the planting.

Methiocarh is an effective bird re-
pellent A Washington State registra-
tion has recently been granted for this
use Repellent sprays should be ap-
plied every week to ten davs from first
fruit color until completion of harvest.
Follow manufacturer's directions.

DISEASE CONTROL

Mummy berry. In the Pacific North-
west, the most common and most seri-
ous  blueberry disease is mumimy
berry This fungus disease affects
shoots, leaves, flowers, and fruits, and
can reduce yields by up to 709, In
mummied berries, fungus tissue re-
pluces the fruit flesh. This tissue
forms o hard, mummified herry called
a ~clerotiam, which carries the funpus
througeh the winter The selerotna fall
on the prround around the byshes

o the ~primg, funps spore cups
e DN aowm Trom lhvn\c-r\\'mlc'rmg
mminnes anor near the sarface of the
sl Spores trom the tfrushmg cups in

fect blueberry :buds shortly after the
overwintering buds open in early
spring. Infected shoots and blossoms
turn brown and wither, mnuch asif they
had been frosted (Figs. 7B and C). Laaf
and shoot growth, expanding from
newly opened .wvegetative buda, is
blackened in the venter andeventuslly
wilts and dies. About three weeks
after the initiel infection. a brownish-
gray mass of sporesdevelops on the af-
fected ehoots and ‘blossoms. These
spores drift on.air currents and infect
the embryo fruit through the flower.
During the early.port of berry devel-
opment, the diseesed fruits are not dis-
tinguishable from the healthy. As the
berries approach maturity, however,
infected berries become a reddish buff
ar tan color, in contrest to the waxy

FIG. 7A. Mummy barry disaase. Fungus
spore cups.

Kreen of healthy fruitg(Fig. 7D). Many
of the diseased berries fall before the
healthy fruit is harvested. However, if
they do not, the mummies are lighter
in weight then sound berries and can
be removed mechanically when the
fruit is cleaned.

This disease is controlled both
mechanically and chemically. Clean
cultivation in the spring destrovs or
huries manv of the mummies and re-
duces the number of spores released.
However, blueberry fields often are
too wet for cultivation at this time of
vear. Chemical fungicides applied to
the twigs and emerging buds every
seven days have given excellent ~on-

FIG. 78. Mummy berry disease. Blighted
leaves.

FIG. 7C. Mummy berry disessc Bhghted blossoms.



FIG. 7D. Mummy berry disease. Infected
bernes

tral. Three to four sprays are required.
Aaditional fungnicide applications dur-
iy the blossom period reduce the sec-
ondary mfection and improve controt,
For the latest chemucal recommenda-
tons, check with vour county Fxten-
ston office

Botrytis twig nnd blossom blight 1s
cnother serious disease in the Pacifie
Northwest (Fyz 8. This grav-mold
fungus can be u problem 1in prolonged
ramny springs Fungicides applied at
the beginning of petal fall and re
peated at 10-dav antervals until all
petals have dropped give excellent
control Check with vour F.xtension of-
hiee tor recommendations or refer to
the Dacific: Narthu est Plant [ isease
Cont-ol Handbaook

Godronin cane canker 1s 4 serious
disease m some helds Spores trom ald
cankers aintect Jeat scars ead mech-
amcal wounds and new cankers de-
vedopround the huds on one-vear-old
canes i the springs (174291, They con-
tinue Lo develop and trequently nrdle
the cane cansing death

Several other tungrus and virus dis-
cases alltack bluebherries hut none so
far have coused senous problems in
the Pacihie Northwest

NEMATODES
Dhingre Bronn nematodes i~ miost

Hoth the
tablbn voot netaatedde Ve howior <

CONCTe on vanng ot bnges

e and the <hesrh aematode
attach
Coum cut s, causig stunting and

ey cioophoe; semirdis)

reduced roor growth. The dagger
nematode (Xiphinema americanum],
while probably causing little direct
damage, transmits tobacco rimgspat
virus. This virus i the cnuse of ne
crotic ringspot disease of blueberries,
which can seriously affect production.

Presently. there is no way of contrul-
ling nematodes in established plant-
ings. For new plantings, soil fumigs-
tion is the only available method. Sail
fumigation is expensive and doees not
completely  eliminate nemstodes.
Before so0il fumigation is even con-
sidered, s0il samples from a proposed
site £rould be analvzed for the pres-
ence of nematodes. In propagation
beds, steamed or fumigsted snil
shouid be used, and sunitation should
be prucuiced Lo prevent the reintroaduc-
tion of nematodes. Plants for commer-
cral plantings should be obtained from
a knowledpgesbie propagutor who fol-
lows good sanitation.

INSECT CONTROL

Only a few species of insects are
pests of blueberries and many oy these
are pests as contaminants, particu-
larly in machine-harvested berries.

FIG 8 fotn s blight on blossoms and
voung frun
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Most are sporadic in frequency and lo-
cation and should be treated only as
the need arises. This requires constant
vigilance so that a problem, if it does
occur, will not advance beyond rem-
edy. However, the reward is a lower
il for pesticides and application, as
well g8 protacticn of natural control
agents. Should sprays be necessary,
refer to WSU EBO0849, Insect, Dis-
ease, and Weed Control Guide for
Commercially Grown Blueberries, or
1o the Pacific Northwest Insect Con-
zrol Handbook. Pay particular atten-
tion to timing since this can be a kev
fnctorin a successful coutrol program.
Additionally, give serious attention to
the insecticide hazard to vour honey-
bees. Many insecticides recommended
for prebloom are ' ighly toxic to bees
and sheuld not be used during bloom.
Honeybees are necessary for complete
pollination of blueberry flowers. Poor
pollination results in lower yields with
smaller borries. Contact nearby bee-
keepers when you plan to use & mate-
tial hazardous to bees. This will pre-

FIG 9 Godroma canker around buds on
current season shoots



FIG. 10 Qrange Toririi: adult.

vent accidental bee kills and help
establish better relations hetween
growers and beekeepers.

Aphids. The most common aphid on
blueberries is the green peach aphid.
Myzus persicae. This pest has many
weed and crop hosts. These aphids can
be red or green, and their feeding may
deformy leaves and devitalize plants.
Aphids secrete honevdew which he-
comes a sticky film on the herries and
leaves and on which black sooty mold
prows. Although aphids can be pres-
entand begin to build up hefare bloom,
in many areas buildup does not occur
until after bloom. Spravs aften can be

FHG 1)

Fecanm seabe gduits

avoided by allowing natural controf
agents, such as ladybird beetles, to
build up. Local populations of beetles
cun be supplemented by the purchase
and release of ledybird héetles.
Several growers have practiced this
method in the Puyallup Valley for
several vears. Although the practice
has never been experimentally tested.
there are claims that no sprays for
aphids have been needed after em-
ploving this method for a period of
vears,

Cherry fraitworm. The cherry fruit-
worm, (irapholitha packardi, is a
relatively new pest to blueberries in
Washington, It has been found on
blueberries only in the Puyallup
Valley It is present in other parts of
the United States und is a serious pest
of hlueherries i New Jersev and
North Carolina. Asits nume implies, it
has other host plants which include
cherry, apple, rose, and hawthorn.

The fruitworm is a moth with one
generation per vear. [t overwinters as
imature larva. The larva is a smooth
caterpillar zbout 1/2 inch in length
with a brown head and pinkish body.
As temperatures hegin to rise in carty
spring. it changes to a pupa and after
about two weeks m the pupal stage,
cmerges as an adult, The adult is a
small browmsh moth that is rarely
s as it hides by dov and s active at
mpeht NMating and ey laving com-
mence 1 a lew davs, Fggs are lad
about the time of hlossom drop on
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smail developing berries and on
leaves. The larvae feed within the ber-
ries and are well hilden. When & berry
has been hollowed out, adjoining ber-
ries are also mine, frequently ruining
an entire cluster, which is often
webbed together. Damage is not no-
ticed until just before harveat. A field
inspection may reveal that only 2 to
5% of the berries have larvae in them,
but 25 to 50% of the berries can he de-
stroved or rendered o culls. Mature
larvas choose a hibernation site when
development is complete. This may be
a dead weed stem or a pruning stub in
which they excavate a burrow.

When this pest infests a field,
chemical controls are necessary. The
proper time to spray is at blossom
drop.

Orange Tortrix. The orange tortrix,
Argyrotaenia citrana, is the most fre-
quent pest of the leafroller group in
blueberries. It also feeds in caneber-
ries and strawberries. The larvae of
this moth fzed on the tender leaves
and buds, but the damage they do is
negligible. They are u pest mainly as a
contaminant of harvested berries,
They have a habit of wiggling vigor-
ously when disturbed and dropping
out of their shelters. When pickers or
machines shake the canes, the dis-
turbed larvae can drop into the con-
tainer and cause the harvested berries
to be rejected by processors. It would
he best to spray for this pest only if it
known to be present in the field. This
requires frequent inspection for leaves
webbed together, generally at the tips
of the branches.

Orange tortrix caterpillars are light
cream to greenish in color with light
hrown heads and are about 1’2 inch in
length when fully developed. The
moths are buff colored and have a
wingspan of 1/2 to 3/4 inch (Firr. 10).
They overwinter as caterpillars in
various stages of development. and
there are several overlapping genera-
tions each vear. Larvae appear as earlv
as March and are present well into the
fall.

Scales. Lecanium scale is the major
scale pest of blueberries. This scale at-
tacks a wide varety of plants When
abundant, it can devitahze plants and
retard prowth The scale i~ actaally i
covering  produced by muturing



FIG. 12D. Damage to foliage by root
weevil adults,

Adult obscure root weevils sometimes
remain high on raspberry or blueberry
canes during the day and become a
<ontaminant of the berries.

Weevil control is almost entirely
dependent upon chemicals. Fall plow-
ing of suspect virgin lund to be planted
to blueberries will help protect \he
planting to be made the following
spring.

It is very important to know if
weevils have invaded a planting, and if
so0, which species, because some insec-
ticides will not contral all species. A
field free of weevils needs no trent-
ment. This saves the grower money
and reduces the possibility of secon-
dary problems because of killing
beneficial predators and parasites.

A field should be inspected every
week or two during July and Augrust
for evidence of weevils, especiallv
around the edges of the field where in-
vasion would first be noticed. Look for
the characteristic notches chewed in
the Jeaf margins. If notching is seen,
examine the foliage for adults at night
with the help of o flashlight. If adult
weevils are found, take them to vour
county Fxtension ugent for wdentifica-
tion Appropriate controls should he
apphed to even lightly infested fields
to prevent exge laving and butdd up of
weevilss which can boe rapid

Yellowjackets Yellowjackets  are
not direct pests of blueberries Actual
v by thear predatory nature they are
heneficial However, in some vears,

their populations reach levels that,
because of danger to workers, make
culture and harvesting of berries near-
ly impassible. The potential for yield
loas where nests are present is quite
real. Some growers have left whole sec-
tions of their fields unhirvested
because of the danger to pickers when
vellowjacitet populations were severe.
Yellowjackets may nest in the ground
or build paper nests in the bushes, de-
pending on species. Because of visibil-
ity, werial nests can be dealt with more
readily than ground nests, which are
often impogysible to locate and exter-
minuate. Yellowjacket bait traps are
available and gre useful because of
their effectiveness and because they
obtain control without direct human
contact with these dangerous insects.
Bait stations are hung and charged
with a protein bait and slow-acting in-
secticide. After procuring the bait,
worker wvellowjackets are not im-
mediately killed and are allowed to
return to the nest and feed the brood
the poison bait. Complate nest de-
struction can be realized in a week or
lesa. Instructions for use of bait traps
are outlined in WSU EB 0643, Yellou-
Jackets and Paper Wasps. This tech-
nique should be emploved if thereisan
obvieus vellowjacket buildup by no
later than midsummer. Traps placed
later in the summer uare not nearly as
effective.

HARVESTING AND
MARKETIRNG

The first berries from the early
varieties are picked in early July. Late
cultivars may ripen fruit until abcat
October 1: however, few late cultivars
are grown in the Pacific Northwest
since wet weather normally interferes
with harvesting after early Septem-
ber.

Fach cultivar ripens fruit over a
two- to five-week period. Most
growers trv to pick over ths tields
every 5 Lo 10 davs, but pickings can be
extended to 14-day intervals un some
cultivars without serious loss if birds
are controlled. Mature plar ¢ ngs in
full bearing will require from ,0 1o 20
prekers per acre on a5 to lo-day
schedule.

Picking is done by cupping both
hinds under u cluster of berries and
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running fingers lightly over the
cluster to shell off the ripest berries.
The fruit is placed in bexes or cans
held at a convenient height. The most
common practice is to use containers
tied around the picker's waist. The
harvested berries should be promptly
taken to a packing area to be cleaned,
packed, and pluced in coel storage.

Blueberries are a inoderateiy firm
fruit anc have a shelf life of two to four
weeks if handled properly. Care should
be taken not to bruise or crush the ber-
ries during harvest. Damaged berries
should be sorted out during the clean-
ing operation immediately after pick-
ing. As soon as the berries are cleaned
and sorted, they should be placed in
cold storage at 38°F. to remove the
field heat and reduce the respiration
rate.

Blueberriey for fresh market are
most com:nonly packed in 12-ounce
bagkets and covered with clear-plastic
film attached with a rubber band.
Twelve baskets are packed to a crate.

Nearly all fresh market berries are
hand harvested. However, machine
harvesting is increasing. Mechanical
harvesting causes somewhat more
tnuising of fruits, which reduces shelf
life, so most machine-harvested ber-
ries are canned or frozen.

Two types of machines are in use.
One is a hand-held vibrator powered
by electric batteries. The berries are
shaken off the hushes and collected in
catching frames placed beneath the
bush.

The second type of mechanical
hanrvester is a self-propelled. over-the-
row machine which shakes off the
fruit, collects the fruit on conveyer
belts, passes it through an air blast to
remove leaves and twigs, and conveys
the fruit to field boxes. The fruit is
then transported to packing and clean-
ing rooms where it passes through an
sir blast cleaner, washer, over a sort-
ing belt, and finully to packaging.
Packaging varies from fresh market
baskets and trays to 30 pound bags
which are frozen, to 50 gallon drums
which are used in various types of
processing. Most berries are packaged
according to U.S. standard grades.

Not all cultivars are adaptable to
machine harvest. 5ome of the newer
ones tzee list of cultivars) nave been
selected for mechanical harvesting.
These generally have loose clusters



with berries that do not shatter easily
and tend to hang on the plant longer.
Certain cultivars mature their fruit so
the total crop can be harvested in two
or three pickings. Qther fruit charac-
teristics advantageous Lo mechanical
harvesting are drv stem scar, resis-
tance to splitting, and firmness that
tacilitates handling, Mechanical
harvesters are expensive machines
but when operated 2t full capacity,
costs are competitive or slightly lower
than hand-picking costs. When the
harvesters onerate at less than capaci-
tv. picking costs may exceed hand-
harvest costs. The increased use of
mechanical harvesters has been more
u response to shortages of pickers and
and high cost of labor than economic
advantapes.
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COMMERCIAL BLUEBERRY GROWING

D. H. Scout (retired), A. I). Draper, SEA research geneticise',
and G. M. Darrow (retired)

Fruit from several species of blue-
berries is harvested commercially in
the United States from cuitivated and
wild plantings. The most important of
these species are highbush (Vac-
cinium australe and V. corymbosum),
rabbiteve (V. ashei), lowbush (V.
lamarckii). dryland (V. pallidum and
V. altomontanum), evergreen (V.
ovatum), and mountain (V. mem-
branaceum). Although all of these
species are harvested wild, cultivated
blueberries are the most important.

In addition, commercial quantities
of the Canada blueberry (V. myr-
tilloides) are harvested wild in Maine
and the Adirondack Mountains of
New York. In thz mountains of
western North Carolina, two wild
highbush blueberries (V. alto-
montanum and V. constablaei) are
harvested commercially.

Blueberry varieties have been origi-
nated by hybridizaticn and breeding of
native wild species. This breeding has
produced cultivated biueberries that

'USDA/SEA Frunt Laboratory, Beltsville
Agricultural Research Center-West, Belisville,
Md. 20705
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are about threc times the size of the
largest wild berries (fig. 1).
The culuivated varieties are better
than wild ones for marketing fresh,
Most wild blueberries are har-
vested for processing and for home
use.

CULTIVATED
BLUEBERRIES

The two cultivated species are
highbush and rabbiteye. Highbush is
native from southeastern North Car-
olina to southern Maine and west to
southern Michigan. The native range
of rabbiteye blueberries is southern
Georgia, southern Alabama, and
northern Florida.

Highbush

Highkbush blucberries grow best in
moist soil. The plants grow 10 to 15
feet high and are not drought
resistant,

Weather conditions affect the
flavor and other characieristics of the
fruit. Generally, the berries are better
flavored toward the northern limits of



the growing arca where the days are
lung and the mightsarecoolduring
the ripening scason. In southern
regions, the flavor is much better when
the days arcsunny and the mghtscool.

Varieties

Varieties are classed as early, early
midseason, midscason, late mid-
season, and late. Berries are picked
about once each week for 3 10 5
weeks. Table | gives the approximate
percentage of the fruit that is har-
vested each week during the ripening
season for the most common varie-

tics, gaing from the carliest to the lat-
est.

Varieties dilfer in their npening
season from year to year and to some
extent {rom section to section. Also,
the heavy pruning commonly prac-
ticed in North Carolina causcy the
fruit 1o ripen carlier and in a shorter
ume than does the highter pruning
practiced in Michigan. The ripening
times given n table | are for mod-
cratcly pruned plants.

Of the principal varieties, the best
for western North Carolina, Mary-
land, and New Jersey are Bluetta,

PN-5770

Figure 1.—Berries from different sources: 4, Rubel, the best highbush selection from the wild: 8.
wild highbush biueberry of eastern United States; C. wild lowbush hlueberry of the Northern
States; D, cross of two highbush varicties, Note the large size of the berries from the cross.
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TABLE |.— Percentage of fruit gathered cach week during the ripening
season for common highbush varieties

Vanety Farst Second Thud  Fourth Fith Sixth Seventh Baghth - Nanth
week  week  week week week  week  week weeh week
Percent Percent Percent Percent Percent Percent Percenmt Percent Percent
Marrow (. ..., 30 A0 N
Angola ... 15 K] 20 O
Walcott..oovaan. 20 40 2s e N
= FParbhiue........ 0 40 ) e e
Weymowh ... . . k11 a0 Mo e
Blueta .ovvoeen. 40 50 S P ves
Croatan ...oviiiinennnn. 4 40 A e e PN .
Harrson. ... .s, R 40 40 00 oo TS e
Murphy ... oLl 20 Rt W 0 ... e e Ceeriene,
=Collins . iiiiiiiiiia R[] a0 K £ OO
Meaderooooiniiiinoan.. A0 40 L AR
“Bluemy e 30 Rl{) 20 10 {15 .
Rancocas ..... e 30 30 20 10 0 oo Ceseneaas
=HBluccrop....cooiiiiiiniiin... 2 40 30 10 i e Ceees
Bluchaven. ..ot .. 20 40 kit W e eeans .
B T T L 40 0 A0 [ fean
T Y 20 40) 0 1
B T £ PP 0 40 0 1 N e
DX e e 50 40 W i
R LT 1T S 50 40 (1 .
Burhnpton .o oo 20 40 M [
TIIrOW L e 30 40 Mo
i 5L k1] 0 k(Y 1Y)
R 7711 1 A 15 1S W
LT 70 30

Collins, Blueray, Bluecrop. Berkeley,
Jersey, and Lateblue. In eastern
North Carolira, the most important
varieties are Morrow, Wolcott, Cro-
atan, Murphy. Berkeley, and Jersey.
In Michigan and New England, the
best varieties arc Jersey, Bluecrop,
Earliblue. Blueray, Collins, Coville,
and Lateblue. In western Oregon and
Washington, the most commonly
grown varicties are Bluccrop, Dixi,
Collins, Blueray, Berkeley, Herbert,
Darrow, and Coville.

Descriptions ol the most com-
nionly grown highbush varicties fol-
low.
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Angola.—Bush vigorous, spread-
ing. productive: leaf large: fruit
cluster loose: berry medium size,
somewhat soft, good aroma, good
flavor. carly, undesirable dark color;
scar medium sive: grown only in
North Carolina.

Berkeley.—Bush vigorous, spread-
ing. productive: leal large: fruit
cluster loose: berry very lirge, light
blue. firm with slight aronu: less acid
than most varicties: good Gavor: scar
smalll stores well: resistant to crack-
ing: late nudseason: well liked for its
zood color. large size, firmness, and
productiveness.



Bluecrop.—Bush average vigor,
upright, productive; hardier and
morce drought resistant than most
varieties; fruit cluster loose: berry
large, light blue, firm, resistant to
cracking, slight aroma: scar very
small.

Bluehaven.~-Bush medium vigor,
hardy, productive, npright: fruit
large, firm, light bluc, small scar,
mild fluvor; tight cluster; ripens in
midscason; variety for Michigan and
the Northcast.

Blueray.—~Bush very vigorous.
upright, hardy, productive: fruit
cluster small, ught; berry very large,
light blue, firm, resistant to cracking,
excellent flavor, aromatic; scar
medium size; ripens in midseason f
pruned heavily.

Bluetta.—Bush medium vigor,
spreading, productive; fruit medium
size, {irm, light blue, good flavor,
resistant to cracking; scar medinm
size; early varicty for New Jersey and
Michigan.

Burlington.—Bush vigorous,
upright; leaf large; fruit cluster
medium tight; berry small, blue, firm,
slight aroma, good flavor., resistant to
cracking; scar small; superior to most
other highbush varieties for its hardi-
ness and good cold-storage qualitics.

Collins.—Bush vigorous. upright,
moderately productive; fruit cluster
medium tight, attractive: berry large,
firm, light blue, cxccilent flavor:
variety for carly midseason from
Maryland northward.

Coville.~Bush vigorous. spread-
ing, productive: leaf large; fruit
cluster loose; berry very large. light
blue, firm, aromatic, good flavor but
tart till ripe, resistant to cracking;
ripens late, does not drop; scar small.

Croatan.—Bush vigorous, spread-
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ing., productive; leal large: truat
cluster loose; herry medium to large,
dark biue, medium firm, slightly aro-
matic, poad flavor; scar very small,

Darrow.—~Hush crect. vigorous,
productive: fruit cluster medium size;
berry large, hight blue, firm, tarnt unul
completely ripe but excellent {lavor
when fully ripe.

Dixi.—~Bush vigorous, spreading,
productive: leat large: fruit cluster
medium tight; berry large, blue, firm,
aromatic, exoellent flavor, subject to
cracking: scar large.

Earliblue.-~Bush  vigorous,
upright. not prodnctive: fruit cluster
loose: berry large, light blue, firm,
resistant to cracking, aromatic, good
flavor: scar small; early variety for
Maryland and northward.

Elizabeth.—Bush average vigor,
slightly spreading, producuve; fruit
cluster loose; first berries large. light
blue, good flavor, average firmness.
Fruit ripens over a loag peried begin-
ning after Bluccrop.

Eiliott.—Bush vigorous, upright,
productive, and winerhardy; fruit
cluster loose. berry firm. light blue.
medium sized. good mild flavor;
ripens late, ripening 7 to |G days after
Latcblue.

Flordablue and Sharpbiue.—High-
bush-type bushes, originated for low-
chilling areas of the deep South, par-
ticularly along the Gull Coast and
southward in Florida to Tampa, fruit
ripens in late April or early May, well
ahecad of the rabbiteye varicties
adapted to the same arecas. recom-
mended for U-pick and local markets.

Harrison.—Bush vigorous, semi-
upright: berry large. high quality:
resistant to races of cane canker
furigus prevalent in North Carolina;
ripens between Croatan and Murphy.



Herbert.=Bush vigorous, upright]
productive; fruit cluster loose: berry
very darge, medium firm, medium
blue, resistant 1o cracking, aromatic,
excellent tlavor, scar medium size.

Jersey.—Bush vigorous. ¢rect. pro-
ductive: leal large: fruit cluster long
and very loose; berry medwm size,
light blue. firm, no aroma. fair ilavor;
scar small,

Lateblue.—Bush moderately vigor-
ous. upright, productive; fruat cluster
loose; leal large: berry raedium large,
firm, good Navor; scar medium size;
ripens late with many berries ripe at
same time.

Muaader.—Bush vigorous, upright,
productive, and winterhardy; {ruit
clusters loose, medium size, mild,
subacid taste; ripens with Collins.

Morrow.—Bush spreading, slow
growing; berry large. medium blue,
good flavor, medium firm: ripens ear-
liest of all varieties; grown only in
North Carolina.

Murphy.—Bush vigorous. spread-
ing, productive; leaf large: fruit
cluster loose; berry medium size, dark
blue. firm. slightly aromatic, fair {la-
vor; scar medium size.

Rancocas.—Bush moderately
vigorous, crect, productive; leaf
small: fruit cluster very tight; berry
small. medium blue, firm, crisp, very
slight aroma, good flavor, cracks
badly after rain.

Rubel.—Bush cerect, vigorous, pro-
ductive; leaf medium size; fruit
cluster very loose; berry small,
medium biue, firm, slight aroma, fair
flavor; small scar.

Weymouth.—Bush erect, spread-
ing, below average vigor: leaf
medium size; fruit cluster medium
loose; berry large, dark blue, lacking

aroma. usually poor flavor; scar
medium size.

Wolcott.—Bush very vigorous,
upright. productive: ieafl large: [ruit
cluster loose; berry medium size, dark
blue, lirm, aromatic, good flavor;
scar small,

Culture

Cultivated highbush blueherries are
raised commercially on acid soils
from castern Morth Carolina north-
ward to southern New England. in
western New York, in southern
Michigan, and in western Oregon and
Washington.

The plant 15 not hardy in tem-
peratures lower than about -20° F,
Instances have been i1eported of the
tops being kilied ut a temperature of
-30°. However, cven in sections
where the blucherry is not gencerally
hardy, local conditions of air
drainage or protection by deep snow
may make blueberry growing possi-
bie.

The southern limit for highbush
varieties is about 3() miles n~-th of the
Gulf of Mexico from Georgia to
Louisiana. Highbush blueberry vari-
cties are not successful in Florida,
southern Georgia, and scuthern Lou-
isiana because the winters are too
short for the plants to break their
winter rest period and biossom nor-
mally.

Highbush varieties begin to ripen
the latter part of May in Georgia and
eastern North Carolina, the last of
June in New Jersey, and mid-July in
Massachusetts and Michigan,

The highbush blueberry grows best
where the soil is verv acid and moist.
Usually the best growth cccurs where
the acidity ranges from pH 4.3 10 4.8.
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Good growth may accur in soils with a
pH aslowas 4. However, where the pH
18 as low as 4, ground magnesium
limestonc should he applicd to bring
the soil pH up 10 4.5.

- Where the soil pH is as high as 5.5,
finely ground sulfur or ammonium
sultete may be used. I thesoilissandy
or sandy containing  peat,
ammonium sullate should be used as it
both acidifies the soil and furnishes
nitrogen. If the soil is a loam, it may
contain enough nitrogen, and sullur
may be used to acidify it. Iron
chelates are used to correct chlorosis of
blueberry foliage that results from
high pH.

The best indication that blueberries
may succced on a soil is that they or
some related plants such as huck-
leberries. azaleas. or laurel are
growing there naturally. Gpen porous
soils of sand and peat that contain a
mixture of loam, and have a water
table 14 to 30 inches below the sur-
lace. are best for blueberries.

The blueberry plant is shallow
rooted; therefore, cultivation should
be shallow. Deep disking that cuts aff
roots near the base of the plant is
destructive. Clean cultivation has
peen the usual practice. but cover
crops should be used to prevent ero-
sion and soil impoverishment., A
summer cover crop sown just after
harvest s recommended.

The plants can beset 4o Sleet apart
in one direction and Y to 10 feet apart
in the other as early in the spring as
the soil can be worked. Setting the
plaats 4 by 9 feet (1.210 per acre) or 4
by 10 feet (1.089 per acre) is best for
new plantings.

Plants are set in spring in most
arcas, but in Ncw Jersey some
planting is done in the fall; in castern

78

North Carolina, planting is done in
late fall and winter.

For growing blucberries success-
fully, the plants must be vigorous and
produce good crops cach year. On
fertile soils very little fertilizer may be
required, but on poor soils larger
amounts may be necessary o main-
Lin satisfactory growth,

In locations that do not have spe-
cial fertilizer requirements, use 400 to
600 pounds per acre of a complete
fertilizer (about 8-8-8 not neutralized)
m the spring after the buds start. This
should be tollowed about 6 weeks
larer, if the soil is pH 4.8 or above, by
an application of 100 pounds of
ammonium sulfate per acre and fol-
lowed by one or possibly two similar
applications at tntervals of 6 wecks.

The more fertiie ficlds in the
Northern States should not have the
Liter tertilizer applications. The fertil-
wrer shouid be broadcast to within 6 to
12 inches of the plant and out as far as
the roots extend.

In New Jersey and North Carolina,
addinonal nitrogen is olten needed.

Tbe blueberry plant is not drought
resistant. Jt is a native ol maist lands,
but fields should be well drained.
Low-lving soils usually selected for
blucberries often have depressions or
pockets from which the wiater does not
draim and the blucherry plants are
drowned unless driannage is provided.

Vigorous productive bushes can
grow only where the soil is not satu-
rated with wa.or during the growing
scason and onlv for short times
during the dormant season.

Under favorable conditions, an
extensive root svatem develops that
can support a large bush and crop. It
the roots are soaked for several days
because ol heavy rains or poor drain-



age, the root system may be weakened
or the plants killed. Somctimes, when
the tower part of the root system is
killed by water injury and a droughit
follows, the whole plant may dic.

In most areas where blueberries are
yrown, droughts are severe enough to
injure plants and reduce crops. When
this is the case, growers should pro-
vide for irrigation. Many blucberry
growers use an overhead sprinkler
system, which can be used for frost
protection also. Irrigation drainage
ditches can be used to remove cxcess
water quickly during or aiter storms.

In times of drought, | to 2 acre-
inches of water should be applied
about 10 days apart during the
picking season and as needed later in
the scason during the heat of summer.

Mulching with sawdust, hay, or
straw 1o a depth of several inches
keeps down weeds, keeps the soil
cooler in summer, helps to retain soil
moisture, and helps to control ero-
sion. The plant rows may be covered 2
to 2-1/2 feet on cach side, or the entirs
arca may be mulched.

Leguminous hay mulckes such as
clover or soybean have somctimes
been injurious and should not be
used unless a thorough trial has
shown no injury over a period of a year
or more. When sawdust, leaves, hay,
orstraw are used. additional nitrogen
must be anplied 10 get good growth.

Where mulches are not used, 100
pounds of ammonium sulfate per
acre should be applied. On mulched
areas, applications of 300 pounds per
acre each should be used 6 wecks
apart.

Cross-pollination by bees is neces-
sary for maximum production of all
commercial varieties of blueberries.
Bees increase the number of berries set,
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shorten the ripening period, and cause
the berries to be larger. Toimprove
pollination, the prower should
alternate one or two rows ol onc
varicty with one or two rows of
another that overlaps in flowering
ume.

Native wild bees usually are inade-
guate so they should be supple-
mented by one to five strong colonies
of domestic bees per acre. For most
cificient use of the bees. they should be
distributed so that flights do not
exceed 200 to 300 yards.

Pruzing

The blueberry produces fruit on
wood of the previous season’s
growth. The largest fruit is borne on
the most vigorous wood. Most vari-
cties tend to overbear, and unless
some of the buds are pruned off, the
berries are small and there is teo little
wigorous new growth for the next
year's crop.

The erect-growing varieties need to
be thinned at the center, and the
spreading varieties are likely to need
their lower drooping branches
pruned. Sometimes, when the crop is
heavy and no pruning is done, few
berries mature.

Heavy pruning should rarely be
practiced. It consists of thinning the
small branches, heading back clus-
ters, and cutting out some of the old
stems. This reduces the crop greatly
and hastens ripening. The heavier the
pruning, the larger the berry size, the
earlier the ripening, and the smaller
the total crop for that year.

Light pruning consists of thinning
out some of the small branches and
an occasiongl stem. Although this
teduces the crop for a particular year,



it increases the size and earliness of
the berries and tends to produce
more vigorous new growth for the
next year's crop.

It is possible to shift the ripening
period by the amount of pruning
done. In North Curolina and other
Southern States, hesvy pruning at 2
sacrifice of yield may be practiced to
obtain an early maturing crop. In the
Northern States, the practice of light
pruning may spread the ripening
season over several weeks,

Less pruning is needed on vigorous
plants. Heavily fertilized plants that
have plenty of soil moisture at all
times are much stronger and produce
many more large berries than plants
lacking in fertilizer and soil moisture.

Usually very little pruning is neces-
sary until the end of the third seasan,
when regular annual pruning should

ordinarily begin. The peneral practice
1s as follows:

(1) The low-spreading branches
next to the ground should be cut out,
leaving only the more erect branches
ar shoots.

(2) If the center of the bush s
dense, the weak and the older
branches at the center should be cut
oult.

(3) Mast of the small slender
branches should be remaoved. leaving
the strong branches and shoots (fig. 2).

Small weak branches cause the
bush to become too dense, make
picking difficult, and leave inade-
quate space for strong new shoots.
The smzll branches of Rubel. Bluetta,
and Rancocas bushes require much
thinning out and are, therefore,
expensive to prune.

To increase the size of the berries,
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Figure 2.—Fuur-year-oid blueberry bush: 4, Before pruning: 8. after pruning. Pruning reduced

the fruit buds by about 75 percent. In very fertile soils, a large number of fruit buds might be
lef: for » heavier crop.
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the {ruiting shoots of smali-fruited
varieties should be cut back, the
amount depending on the number of
fruit buds on the shoots. Earliblue,
Collins, Bluecrop. Blucray, Berkeley,
Herbert, and Coville require very
little cuting back. The amount of
cutting back neccssary depends on
growing conditions and varies {rom
year to vear.

Cutting back is usually done after
danger of cold injury is past. Ceneral
pruning may be done at any time
from leaf fall in the autumn to the
beginning of growth in the spring.
The yield of fruit fro.n blueberry
plants under different types of
pruning is shown in table 2.

Propagation

With careful attention, blueberry
plants can be propagated by either
hardwood or softwood cuttings. Soft-
wood cuttings are used very little
commercially.

Hardwood cuttings, 4 to 5 inches
long. are made from dormant shoots
of the previous season’s growth; the
lower cut is made just below a bud and
the upuer cut just above.a bud (fig. 3).
Wood with [ruit buds should be cut off
and discarded because cuttings with
fruit buds seldom root or niake good
plants.

The cuttings may be rooted in
ground beds covered by lath shade
screens about 7-1/2 feet above the
ground (fig. 4), in covered frames. in
unshaded beds with automatic vater-
ing, and in plastic covered ground
beds. Ground beds are those made
directly on the ground: they are usu-
ally filled with a mixture of half peat
and half sand to a depth of 6 inches.

The most commonly used covered
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TABLE 2. — Yield of friat from hiue-
berry plants under different 1ypes
of pruning

Hernies per plant

Type of prunmg

First Sceomd

SN NHNOR

Pounds Pevands
NOUE . oveennnn AR 0.1
Laght.oooooals 17.2 9.9
Medium ... 16.2 14.3
Heavv .oooael, 7.6 K.l
Very haavv. ..., 39 9.1

frames are 6 fect long, 27 inches wide,
and 16 to 40 inches high. The frames
contain trays 4 inches deep with the
bottom made of one-cighth-inch to
one-fourth-inch mesh hardware cloth
or fly screenn. The trays rest on cleats
8 to 10 inches below the top of the
frame. The trays are filled with peat
or peat and sand. and the cuttings are
placed in a slanting position sbout |
inch apart in rows 2 inches apart.

An advantage of the tray is that it
can be moved to a coldframe or to
the nursery; cuttings in the ground
bed require transplanting. The prac-
tice in Michigan is to cover cach
frame with a sash and then with
coarse burlap: in New Jersey, shade is
not essential but sometimes either slat
or lath covers are used.

In cool areas. bottorn heat at 70° F
improves the rooting of hardwood
cuttings.

Varicties that are relatively casy to
root from cuttings are Angola, Cro-
atan, Marrow, Murphy. Walcott,
Earhiblue, Collins, Blueray. Bluetu,
ilerbert. Rancocas, Rubel Berheley.
and Covilie; those that are less casily
rooted from cuttings are Bluchaven,



Darrow. Lateblue, and Jersey. Blue-
crop s dutticult 1o root from cuttings.
Cuttings are made during winter
when the plants are dormant. They
may be stored ina cool. moist place
unul they can be set in the propaga-
ting beds in carly spring. Usually they
have rooted by June (fig. 3) butare left
in the ground beds or. il propagated in
covered frames, they are placed in
coldirames until the tollowing spring.
Cuttings usually are grown for a
year in the nursery before being

planted n the hields. The nursery
rows usually are I8 inches apart and
the plants 6 to 10 inches apart in the
row. After a year in the nursery, they
are called 2-year plants. Well-grown
2-year plants are consdered most
desirable for ficld planung,

Rabbiteye

Somec cultivated rabbiteyve varicties
bear large, juicy, aromatic fruit that
comparcs {avorably with that borne
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Cutting with a shour at the upper end and a pood callus but no roots at the buse. Roots
should appear within a few days. C, Well-rooted culting.
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Figure d.—Propagation of blueherrics by hardwood cuttings in ground heds made of half peat

and half sand in a shade house with lath sides

by highbush varieties. Rabbiteye ber-
ries from the wild are mostly black
and less attractive than the large,
blue-fruited, cultivatcd varieties.

Rabbiteye blueberries are chiefly
important because they grow in
upland areas where highbush will not
and becausc they require a very short
rest period in winter. Also, rabbiteye
varieties are not 50 sensitive to soil
type and are far more resistant (o
heat and drought than highbush.

Rabbiteye succeeds {rom eastern
North Carolina south to central
Fiorida and west to Arkansas and
east Texas (fig. 5).

Varijeties
Characteristics of some of the most

common rabbiteye varieties are given
in table 3. Woodard is the earliest and

313381 O = TR =3
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and top that gives about one-haif shade,

largest of the rabbiteye varicties and
Woodard and Titblue have the best
flavor. Homebell has large fruit and a
very vigorous. productive bush.
Tifbiue 1s the lightest biue of all the
rabbiteye varieties.
Culture

Rabbiteye blueberries (fig. 6) are
generally set in midwinter in rows 12

feet wide with the plants 6 to 12 feet
apart, depending on cultivation prac-

tices in the area. Use liberal quantities

of peat moss at ime of planting. Under
good conditions, plants grow rapidly
and bear small commercial crops by
the third year. Two rows alternating
with two other rows of a different
variety should be planted because
cross-pollination is necessary.
Cultivation of rabbiteye blueberries
is the same generally as for highbush.
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Figure 5.~ A planting of rabbiteye blueberry. Plantings of 50 to 169 acres are not uncommon.

They respond to tilling, mulching,
and fertilizing. However, young
plants are sensitive to fertilizer so
only small amounts or nonc should be
appiied the first growing season.

Yields increase rapidly after the
fourth year. In one experiment, Tif-
blue plants averaged 2.2 pints in the
fourth season, 5.1 in the fifth, and 14.1
in the sixth. Twenty pints per plant are
not unusual.

Pruning is not generally practiced.
but the fruiting habit of the rabbiteye is
similar to the highbush, and some
pruning of older bushes is desirable.
The older stems and smaller young
shoots may need thinning to prevent
the bushes from becoming too dense.

Pruning should be relatively light
because rabbiteye plants are suf-
ficiently vigorous to supporn and
develop heavy crops of large-sized
fruit. Heavy pruning results in exces-
sive water—sprout growth.

Under the same growing condi-

B4

tions, the fruit of most rabbiteye
blueberries ripens later and over a
tonger scason than hignbush. Picking
in northern Florida usually begins
near the end of May.

Although rubbiteye varieties gener-
ally ripen their fruit over a longer
period than highbush, some ol the
newer rabbiteve varicties ripen most of
their fruit within a 30-day period.
Some rabbiteye varictics have firmer
fruit and @ much smaller scar thaon do
highbush varieties.

Rabbiteye plants can be propa-
gated by offshoots. or suckers, which
grow from the roots at distances ol a
few inches to 8 feet from the parent
plant. Suckers usually are grown in
the nursery for a vear before they are
set in their permanent iocation.

Propagation by softwood summer
cuttings under intermittent mist is
very successful. Hardwood cuttings
of rabbiteye varieties root pooriv.

Softwood cuttings with three or



TABLE 3.— Rabbiteye blueberry varieties ranked according to certain characteristics

Rank Scason Size of Iruit Flaver Color Firmness Yield Bush size
Early Large Good Light Firm High Large
to lute to smal! to fair to durk 1o soft to low to small
Lo Climax Delite Delite Tifblue Southland Blucbclle Tifblue
2. Woodard Menditoo Homebeld Southland Delite Tifblue Bluchelle
K T Britebluc Blucbelle Woodard Briteblue Tifblue Southland Homcbelt
L Belite Briteblue Tifblue Detite Briteblue Briteblue Dehite
S Homcebell Climax Climax Garden Blue Climax Homebeli Garden Blue
6. L Southland Homebell Garden Biue Waoodird Woodard Garden Blue Southland
T Tublue Woodard Southland Climax Bluchelle Menditoo Chimax
B Blucbelie Tifblue Britebluce Bluchelle Garden Blue Chmax Woodard
9 Garden Blue Southland Bluebelle Homuebelt Homchell Woodard Menditoo
10.............. Menditoo Garden Blue Menditoo Menditoo Menditoo Delite Briicblue
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Figure 6. —ivlature rabbiteye blv tberry bushes, showing the many shoots and great height of some
varieties of this species.

four leaves per cutting are superior to
those with one or two leaves per cui-
ting. Pcat or a one to one mixture by
volume of peat and perlite is used as
a rooting medium in a ground bed or
coldframe with partial shade to pro-
tect against direct sunlight.

WILD BLUEBERRIES

Fruit worth several million dollars
annually is harvested from the wild,
especiaily in the New England States
and from Gifford Pinchot and Mt
Hood National Forests in Wash-
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ington and Oregon where several mil-
lion pourds are picked each year.
Other national forest areas where
wild blueberries are harvested are the
Dolly Sod and Spruce Knob areas of
Monongahela National Forest in
West Virginia, and the Shining Rock
and Tanasee Bald areas of Pisgah
National Forest in North Carolina.
Wild blueberries are also harvested
in several other widely separated
areas. They are the blucberry barrens
and uplands of New York. Pennsyi-
vania, West Virginia, Michigan, Wis-
consin, and Minnesota; the swamp-



lands along the Atlantic coast and in
the Northeastern States: the upland
seciions of Alabama, Georgia, and
other Southern States; the Cascade
Mountains section of Oregon and
Washington; and the coastal section of
northern California, Oregon, and
Washington.

Figure 7 shows the Jocation of the
areas in the United Swites from which
wild berries are most extensively har-
vested and marketed.

Lowbush

The lowbush blueberry, the most
important commercial wild species, is
native to Northeastern United States
sitd parts oi Canada. In the United
States, fruit from this species is gath-
ered in commercial quantities (rom
Maine to Minnesota and southward in
the Alleghenies to West Virginia.

Lowbush i an upland species. The
plantsare 6 to 18 inches highand grow
into large colonies by means of
underground shoots. No varicties
have been propagated for cominercial
planting, but selections have been
made for breeding because this spe-
cies crosses readily with the highbush
blueberry,

The fruit, which s usually light
Llue, ripens ecarher than the fruit of
highbush; the flavor is similar,
Although the fruit ripens during July
and August, harvesting may extend
into September in the most northern
areas.

The fruit is gathered for the
freezers with rakes (fig. 8) that are
similar to cranberry scoops, but
much smaller. For the fresh-fruit
market, the fruit is harvested by hand
as well as with rakes.

After a forest has been cut or
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Figure 7.—Maup of the United States, showing areas in which wild biueberries are extensively har-
vesied.
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Figure 8.—Harvesting lowbush blueberries for the freezers. The rake is 10 10 12 inches wide and
has 18 to 40 teeth.

burned over, lowbush blueberries
come in naturally in large areas of
some of the Northern States. If

burmng is prevented, the area L BTOWS .
up m brush and WOodland again. -
. Therefare, areas’that-yield large™”

“ (fig. 9).

quantities of berries for a few years
may produce none later because the

brush crowds out the bluebcrry‘

bushes.

In eastern Maine and in some
smaller areas elsewhere, the fields are
reburned every second or third vearin
spring while the ground is still wet.
This kills weeds and underbrush and
prunes the blueberry plants. Most of
the burning is done with machines that
use oil or liquefied petroleum gas.

As a further aid in control, weeds
and brush may be cut or pulled in the
fall previous to burning or they may be
killed by brush-killing chemical
sprays. Burning over does not seri-
ously injurce the blueberry plants if
properly done during the dormant
season, but repeated burning lowers
soil fertility.

The fruit should be picked as early
as possible before the berries are

infested by the blueberry fruitfly. In
Maine, picking for the fresh-fruit
market begins about July 20 and for
the freezers about, August. 10. Fruitis

'.ha.rw.,slcd from. about; 150,000 acres -

of Tative, wild - ‘bluéberries in Maine

Dryland

The dryland blueberry, also com-
monly called the low huckleberry, is

native from Georgia and Alabama to
Maine and westward to Michigan
and Oklahoma. It is important
chiefly in northern Alabama and
Georgia and northward to Marviand
and West Virginia. The plants grow in
the dry, relatively poor soils of ridges
and hills aod are very drought
resistant,

The fruit is gathered most exten-
sively in northeastern Ajabama,
notthwestern Georgia, West Virginia,
and western and northwestern
Arkansas. Dryland blueberry plants
grow from I to 3 feet high and spread
in colonies much as do lowbush blue-
berries.
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Ihe berries are Light blue and their
Nlavor s good. They have a small,
rather dry scar where the stem was
attached. Dryland blueberries com-
monly ripen later than either lowbush
or highbush,

Evergreen

The evergreen blueberry. com-
monly known as the evergreen or
coast huckleberry, is a native along
the Pacific coast [rom central Cali-
fornia to British Columbia. The frujt
Is gathered extensively in northern
California, along the coast of Oregon
and Washirgton, and in the Puget
Sound district.

The plant is an attractive orna-
mental shrub (fig. 10) and may grow
to 20 feet in open woods. Branches of
this blueberry are used as deco-
rations. They are shipped chiefly
from December to March to eastern
cities tndcr the name of evergreen
huckleberry,
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Figure 9.—Part of the blueberry barrens, whick

The berries ripen from /\utgu:-l to
November, but the peak. ripening
period is in September and October.
The berries usually are small and
shiny black and have a strong flavor
that is not like that o uiher blue-
berries. This flavor makes them less
desirable than other blueberries for
cating Iresh, A large part of the crop
is stored frozen for use by pie mak-
ers.

The evergreen blueberry grows
only in the mild climate near the
Pacific coast and arounc Puget
Sound. It has not been hardy in
Eastern United States.

Mountain

The mountain blueberry, aiso
called broadleafed huckleberry, is a
natve of the high slopes of the Cas-
cade Mountains of Oregon and
Washington and eastward to Wis-
consin. It Is most abundant near
Crater Lake, Mount Hood, Mount
Adams, and Mount Rajnicr.

Ceed

PN.5777
cover more than 100,000 acres in Muine. Most of

T e el LA - et e s e

the blueberries are lc.rbush.
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Figure 1¢.~Shoots of evergreen biucberry: 4, Showing flower buds and flowers st most nodes; 4

PN-5778.PN.5779

fruiting clusters.

It is a very drought-resistant plant,
matures its fruit in the late summer
even after 3 or 4 rainless months, and is
important for forage. The plants grow
3 to 5 feet high and are abundant in
burned-over areas.

Inthe Cascade Mountains arca, the
mountain blueberry is one of the best
Mavored and largest fruited of all wild
blueberries. The berries are
somewhat pear shaped, black or
maroon in color, juicy, highly fla-
vored, and rather tart but not too tart
to be eaten fresh.

Because the berries are borne
singly (fig. 1) orin pairs rather than in
clusters like those of other blue-

berries. the bushes are not highly pro-
ductive,

HARVESTING AND
MARKETING

The first berries from the early
varieties are picked about May 15 in
North Carolina, June 15 in New jer-
sey, and July 10 in southern
chhlgun From three to seven pick-
ings are made at 5- 1o 7- -day intervals,
In any one locality the season usually
lasts 6 to 7 weeks.

To provide the best possibie supply
tc markets, the North Carolina
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growers are maunly interested in carly
to midseason varicties and the New
Jersey and Michigan growers in mid-
season and late ones. In 8 hours, a
picker can harvest 60 to 80 pints, or
even more, where the crop is heavy.
Pint baskets are used mostly as con-
tainers, but they must be made
tighter than those used for larger
fruits such as strawberries.

Machine harves:ing of the fruit is
increasing. Two types of machines
are in use. One type i1s a hand-held
vibrator that is powered by electricity
and has a catching frame (fig. 12).
The other type is a self-propelied
over-the-row machine that shakes off
the fruit (fig. 13). Three sizes of the
self-propelled machine are available.

Fruit harvested by machine usually
must be cleaned and sorted before it
can be sold. Most machine-harvested
fruit is processed and not marketed
fresh.

Most ol the crop i North Caroling,
New Jersey, and Michigan is marketed
cooperatively. The berries are sold
according to size-grades. Larger
berries usually bring a higher price
han smaller ones. However. in carly
and late parts of the harvesting scason,
small berries sometimes bring higher
prices than large berries do in
midseason,

Yields vary greatly. in some areas,
yiclds trom the second to the sixth year
may increase from 50 to 6.000 pints per
acre. Larger yields are possible. Full
production is reached in 6 to 10 vears,
but it may be rcached ecarlier if the
plants are cared {or properly.

Plants should produce a little fruit |
year after planting. When mature, they
usually bear 14 to 16 pints per plant
with medium pruning. and they may
produce 20 to 23 pints per plant with
no pruning (table 2).

Although much of the crop from
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Figure 11.—~A branch of the mountain biueberry.
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Figure 12.—-An electric-powered, hand-held, biueberry harvester thut shakes the berries into u
catching frame.

cultivated fields is marketed fresh,
large quantities of highbush blue-
berries are canned or frozen. Canned
and frozen berries are used mostly for
pies.

PEST CONTROL

Several kinds of pests attack bive-
berries. These include weeds: fingus,
virus, and bacteriai diseases; nema-
todes; an‘! insects. Mexsures that may
be taken o control these pests are
discussed in this section,

Weeds?

Weeds may be controiled with pre-
emergence or postemergence herbi-
cides, depending on the weed prob-
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lem. Preemergence herbicides are
applied to the soil before weeds
appear; postemergence herbicides are
applied to the weeds ofter they
appear. Herbicides thut may be used
arc histed in this section. [he amounts
given tor cach herbicide are in
pounds of active ingredient per acre,

Some preemergence herbicides are
as follows:

Diuron [3 - (3.4 - dichjorophenyl-
I.1 - dimethylurea].—Use 2 to 2.4
pounds.

Simazine [2 - chloro - 4,6 - bis

*Prepired by W. V. Welker, Jr., SEA horu-
cultuaist, Rutgers University, New Brunswick,
N.J. 08903




(ethylanino) - s tniwzine).— Use 2 to 4
pounds.

Dichlobenil [2,6 - dichlo-
robenzonitrile]. —Use 4 to 6 pounds.

Dichloberal will ¢ - trol certain
established percnnial weeds but the
other preemergence herbicides gener-
ally will not control established
weeds.

Preemiergence herbicides may con-
trol weeds for 3 to 6 months.

Diuron and simazine are usually
applied in spring prior to bloom.
Diuron should not be applied unul
the blucberry plants have been estab-
lished at least one year. Dichlobenil is
more elfective when applied in cool
weather; therefore, it should usually
be appiied in fall or winter. None of
these herbiciaes should be applied to
the foliage of the blueoerry plant.
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Cdaution: Carctully follow the
instructions and cautions on the con-
tainer label.

Diseases?

The loss of blucherries from dis-
cas=s is more serious in North Car-
olina than in other sections. Stem
canker causes the most damage, {ol-
lowed by foliage discases. stunt virus,
stem blighi. and phytophthora root
rot.

In New Jersey, stunt virus and
mummy berry are the most serious
discases, followed by ringspot virus
and anthracnose.

Prepared by A. W. Stretch, SEA plant
pathologist, Chatsworth, N.J. 08019
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Figure 13.=~A ssif-propeiled, over-the-row blueberry harvester.
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Trade names are used in this publi-
cation solely to provide specific infor-
mation. Mention of a trade name
does not constitute a guarantee of the
product by the U.S. Department of
Agriculture nor does it imply an
endorsement by the Department over
comparable products that are not
named.

In Micnigan, blueberries are most
seriously damaged by fusicoccum
canker, phomopsis canker, and
mummy be:y. Stunt virus and shoe-
string virus cause some damage.

In the Pacific Northwest, mummy
berry is serious and difficult to con-
trol. Botrytis twig and blossom blight
also causes damage.

Botrytis twig and blossom blight,
red leaf, mummy berry, and powdery
mildew are serious diseases on low-
bush in Maine.

Fungus Diseases

Mummy berry.—Mummy terry
attacks blueberries in all producing
areas, but it is primarily a problem in
the North,

Newly emerging stems and flower
clusters are blighted by the initial
fungus infection in the spring. Spores
then infect healthy blossoms and
eveniually kill the developing fruir. As
the berries approach maturity they
become mummified and drop to the
ground where they overwinter. The
following spring a new cycle of the
disease is started from the over-
wintered mummies.

Varieties differ in their sus-
ceptibility to the mummy berry fun-
gus. Burlington, Collins, Jersey,

Darrow, Rubel, Bluetta, and Dixi are
most resistant 1o the funpgus, Ran-
cocias, Weymouth, Berkeley, Blue-
crop, Herbert, and Coville are less
resistant. The most susceptible vari-
cties are Earliblue and Blueray.

The disease 1s controlled by
mechanical or by chemical destruc-
tion of the mummices. or hy protec-
tion of the bushes with fungicide.
Clean cultivation in the spring
destroys the mummics and heips stop
the disease.

A chemical that may be used to
control mummy berry is benomyl,
Apply | pound of 50-percent wettable
powder per acre in enough water to
give thorough coverage. Apply four
sprays at 7-day intervals beginning at
green tip.

On lowbush blueberries. use 7-per-
cent ferbam dust at 15 pounds per
acre to control the blight phase. Start
applications at budbreak and con-
tinue them uatil berries form.
Burning lowbush plants when they
are dormant will stimulate new
growth and destroy the mummies.

Powdery mildew.—Powdery
mildew attacks blueberries in most
growing areas. It may not cause
direct yield losses, but it causes pre-
mature leaf drop in the fall aud
weakens the plants. Leaf surfaces are
whitened by the fungus.

Varieties of highbush blueberries
differ in their snsceptibility to pow-
dery mildew. B rkeley and Earliblue
ure highly resistant; Bluecrop, Cov-
tlle, Dixi, Rancocas. and Weymouth
are moderately resistant; and Blue-
ray, Burlington, Collins. Darrow,
Herbert, Jersey, and Rubel are sus-
ceptible.

Fungicides are seldom used to con-
trol powdery milde:* on highbush.
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‘However, the discase can be con-
trolled by using 20-percent sulfur
dust at 25 pounds per acre, beginning
just after bloom and continued at 2-
week antervals through the season.

Use resistant varicties where possi-
ble.

A 7.6-pcrcent ferbain dust applied
at 15 to 20 pounds per acre just after
bloom and again 10 to 14 days lawer
will control mildew on lowbush.

Fusicoccum canker.—Fusicoccum
canker attacks blucberries in
northera growing arcas, particularly in
Massachusetts and Michigan.,

The first symptom is the appear-
ance of small, reddish spots on the
canes, which are {requently centered
about a leat scar near the ground. As
the canker enlarges, a bull's-eye pat-
tern develops. Sudden wilting and
dying of canker-girdled canes in
warm, dry weather is the most
obvious symptom.

Jersey is very susceptible to fusi-
coccum canker, followed closely by
Earliblue and Bluecrop: Coville,
Berkeley, Blueray, Burlingtua, and
Rubel are moderately susceptible;
and Rancocas is resistant.

Diseased prunings from plants
should be removed and burned to aid
i+, control.

homopsis twig and cane blight. -
Pliomopsis twig and cane blight
attacks blueberries in most commer-
cial producing areas but is especially
serious in Michigan.

Plants infected by this fungus usu-
ally are in a weakened condition.
Symptoms of bhight occur on voung
succulent twigs and then progress
downward as the fungus invades the
crown. Older canes are girdled and the
foliage on such canes may suddenly
wiltand die during hot weather.

The discase s best controlled by
maintaining plants in vigorous condi-
ton and by burming discased parts
when they arce pruned.

Botrytis twig and blossom blight.—
The gray mold fungus causes botryvtis
blight 1n the coastal blucherry arcas
of Maine, Washington. and Gicpton
where cool temperatures, lang
periods of rainfall, and high humidity
favor botrytis development. Favor-
able conditions for botrytis develop
occasionally in New Jersey also.

Blight symptoms first appear at the
ups of young twigs and may progress
down the entire length of the twig.
Blighted flowers remain on the plant
much longer than undamaged fMow-
ers, and later in the season, fruit may
rot in the field or after it is picked.

Heavy fertilization and frequent
irngation stimulate succulent plant
growth that encourages botrytis
infection. To control the inlection on
lowburh blueberries. use dusts of 7.6-
percent ferbam or ziram applicd at 15
to 20 pounds per acre when the blos-
soms first open. Repeat the treatment
twice more, depending on the
duration of wet periods.

On highbush blueberry, apply
captan at the rate of 5 pounds of 50-
percent wettable powder per acre.
Use 200 to 250 gallons of water per
acre. Apply at 10-day intervals begin-
ning at the wtart of petal tall and con-
tinue until all petals have dropped.

Anthracnose.—The anthracnose
fungus causes fruit rot of mature ber-
ries, but it also infects leave, twigs,
and green fruit. In recent years, losses
have increased at harvest and during
marketing. Anthracnose occurs in
New Jersey, North Carolina,
Michigan, and lllinots.

Anthracnose produces salmon-col-
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ored spore masses on the surface of
mature fruit. This discase hay
attacked Bluecrop, Blueray, Cowille,
Jersey, and Rancocas in New Jersey
and Wolcott in North Carolina.

For control. prune all dead
branches and remove and burn all
prunings. An effective fungicide pro-
gram consists of six to seven sprays
beginning at midbloom. Use captan at
5 pounds of 50-percent wettable
powder per acre applied at 10-day
intervals up Lo harvest. Use 200 to 250
gallons of walter per acre.

Botryosphaeria stem canker.~—Bol-
ryosphaeria stem canker is especially
destructive on highbush blucberries in
North Carolina and other
Southern States. The discase is rare in
New Jersey and remains localized.

The first symptom is a small red-
dish, conical swelling on new twigs
that enlarges in summer and early {all.
Fungus growth spreads in succeeding
years and causes swollen, fissured
cankers that girdle and kill the stems.

Varieties of highbush differ widelv
in their susceptibility to the stem
canker fungus. Murphy, Moarrow,
Wolcott, Jersey. Angola, and Cro-
atan are resistant 10 onc or more
races of the fungus but not to all races.
Varicties of rabbiteye hsted in table 3
are highly resistant to stem canker.,

The only control is the use of

resistant varieties.

Phytophthora root rot.—Phy-
tophthora root rot attacks blueberries
in North Carolina, Maryland, and
New Jersey. The symptoms of the
discase are leat yellowing, weak
growth with some drving up of leaf
margins, small terminal leaves,
defoliation. root rot. and plant death.

Cultivated highbrush varieties.
except Patriot, are very susceptible to
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root rot, but culuvated rabbiteye
vitricties are laghly resistant to the
fungus.

When planung new ticlds. avoid
low, poorly drained arcas because the
fungus thrives in these places.

Blueherry stem blight.—Blucberry
stem bhight attucks piants 1in North
Carolinia and New Jersey.

One or more dead branches near
hiving branches that have normal
green Jeaves is the most conspicuous
symptom. Leaves on allected
hranches may be yellow or reddish in
the carly stages of infection. Infected
woody stem lssue turns a pecan
brown.

No control is known for this dis-
case.

Leaf spot.—Both septoria leaf spot
and double spot are found in the
southern growing areas. Scptoria
occurs in North Carolina. Georygia,
and Flonda, but double spot appears
only in North Carolina.

The septonia fungus causes small,
circular, white lesions that have a
purpie border. The lesions appear on
leaves and new stem growth. Scvere
defoliation may result from septoria
infectians.

Daouble spot can be serious in May
and June il rains are frequent. Ini-
tially the spots are small and circular
and have a dark brown ring around a
fight brown center. The fungus grows
through the outer ring about mid-
summer and produces a larger spot,
which pgives the disci e the name
double spot.

Both septorii and double spot can
be controlied with ferbam spray. Lse
{-1:2 pounds of acuve ferbam per 100
gatlons of water. Apply sprav in
sulficient quantity to wet foliage
completely. Spray after the plants



have fimished blooming. In North
Carohina, continue spraying at 2-
week intervals untl carly September.

Red leafl disease.—Red leaf is a
fungus discase that s serious on low-
bush bluchernies in Maine and other
New England States. It sometimes
attacks cultivated kighbush blue-
berries in Massachusetts, New Jersey,
and Michigan,

The symptoms are reddening of the
leaves and fungus growth onlower ‘zaf
surfaces. Alfccted leaves drop off in
midsummer and plants produce few
berries.

The only control is to kill the dis-
cased plant by spot treatment with the
herbicide 2.4-D. Follow the directions
on the container for mixing the spray.

Witches-Broom.—Witches'-broom
attacks both highbush and lowbush
blueberries in the northern blueberry
region.

The fungus causes lateral buds to
grow and zives rise to a broomlike
mass of swollen shoots. The fungus
that causes the discase must complete
part of its life cycle on balsam firas an
alternate host. The fungus must go
from blueberry to fir and back to
blueberry again because <nores pro-
duced on blucberry will not infect
other blueberries.

Where witches'-broom 15 a serious
pest, it may be necessary to remove or
destrovallbalsam firwithinseveral
hundred vards of the bluceberry ficld.

Leal rust.—Leaf rust is serious on
lowbush blueberries in Maine, and it
appears sporadically on highbush in
the Eastern United States, particu-
“larly in the Soath.

The fungus completes part of its
life cycle on kemlock, where it over-
winters. Infected leaves have lignt
green to reddish areas on the upper
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surface and rust-colored pustules on
the lower surface.

Highbush vancties differ in their
resistance to lea! rust. Jersey and
Rubel are susceptible: Dixi, Ran-
cocas, and Wevmouth are resistant.

Mcasures have not been estab-
hished to control attacks or highbush
blucberries. On lowbush, a 7-percent
ferbam dust applied at 15 to 20
pounds per acre at petal tall and
agmin 10 to 14 days later is recom-
mended.

Virus Diseases

Blueberry stunt.—The most wide-
spread. destructive virus disease of
highbush blueberries is stunt. It is
found from North Carolina to
castern Canada and west 1o
Michigan.

Stunt slows down growth and gives
the pant a vellow, dwarfed appeiir-
ance. Charactenstic svimptoms are
small. cupped leaves vellowed along
the marginy and between lateral
veins, and short twig growth.

Branches become twiggy and a pre-
mature, brilliant red coloring
develops in the yellowed arcas of the
diseased leaves. The fruits are small,
lack flevor. and remain attached to
the plan: much longer than normal.

Cultivated  highbush varieties are
all susceptible 10 stunt, but Rancocas
1S more resistant than other varieties.

The use of vitus-lree plants,
removal of diseased bushes, and con-
trol of the sharp-nosed leafhopper
provide excelient control of stunt.
Insecticide apphicatons of parathion
at 2 pounds of I5-percent wetiable
powder per acre in late spring, late
summer. and early fall will control
leathopper.



In new plantings. use certilied
virus-free plants and in established
planungs, remove discased plants
after cach leathopper insecticide
application. Destruction of wild bluc-
berries along the edges of ficlds will
also eliminate a source of infection,

Mosaic.—~Mosiic 18 common on
highbush blucberrics in New Jersey,
North Carolina, and Michigan.

Infected leaves have mottled pat-
terns of yellow and yellow-green
areas. Discased plants are
unproductive.

The only recommended controls
are prompt removal of diseased
plants and use of discase-free
planting stock.

Shoestring.—Shoestring virus dis-
easc is common on highbush blue-
berries in New Jersey and Michigan.
Infected plants produce little new
growth and no f{ruir

The first symnioms of shoestring
virus appear in the spring as red
streaks on new shoots and red vein-
banding on the leaves. The shape of
diseased leaves varies from narrow
and straplike to wavy and sickle
shaped. Infected flowers are
deformed and streaxed with pink.
Immature fruit develops a premature
red to purple color on the surface
exposed 1o the sun.

The onlyv controls are prompt
removal and destruction of discased
plants and the use of virus-free
planting stock.

Red ringspot.—Red ringspot is a
virus discase of wild and cultivated
highbush blueberries. The disease
attacks wild blueberries only in New
Jersey, but it attacks cultivated plant-
ings in Michigan, Connecticut, North
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Carolina, Long lsland, Massa-
chusctts, and New Jersey.

The greatest loss from the discase
it the ditficulty it causes in the propa-
ganon ol virus-tree plants. However,
It can catise some berry losses from
small, musshapen fruit.

The first symptoms of the discase
are red spots or rings on older leaves.
The earlicst appearance of the Cisease
s in New Jersey in June or carly
July. The symntoms are less severe in
vounger leaves. The leafl spows have
well-delined margins and 4o not
show oun the lower surfuce of the
leaves. Red ringspot may alsc cause
red spots or rings to develop on
stems.

Powdery mildew symptoms may be
confused with red ringspot, but pow-
dery mildew causes dead looking
irregular spots on the underside of
the leaves.

Most cultivated highbush blue-
berry varieties are susceptible to red
ringspot. Of the major varieties, only
Jersey appears immune; Bluecrop
and Wevmouth have high resistance.

The only controls are to use virus-
frec planting stock and to promptly
remove disease buslhies.

Necrotic ringspot.—Necrotic riag-
spot 1s caused by a virus commonly
known as tobacco ringspot viius.
Necrotic ringspot attacks both wild
and culuvated blueberries in
Michigan. New Jersev. Connecticut,
New York, and lllinois, but it 1s not
serious i, most cultivated fields.

The disease causes stunting, exten-
sive dieback, and unproductivity.
Young leaves show vellowed spots,
rings, and line patterns. Dagger
nematode (Niphinema americanum)



is a vector of tobacco ringspot virus
and 1s probably the vector of necrotic
nngspot.

Control measures ase removal of
discased bushes, treatment of soil
with nematicides, elimmnation of
other hosts of the tebacco ringspot
virus, and the use of disease-free
plants. Sec the scction entitled

“Nematodes.”

Bacterial Disenses

Bacterinl canker.—Bi:zterial canker
occurs in culuvated highbush plant-
ings in Washington and Oregon.

The symptoms are water-soaked
areas on l-year-old stems that rapidly
become reddish brown to black can-
kers. The first symptoms usually
appear in January or early February;
the earliest appearance of the discase is
in Oregon.

Susceptibility varies among varie-
ties. Jersey and Coville are severely
affected: Rubel and Buriington are
seldom affected, and Weymouth and
Rancezas are highly resistant.

Te zntrol the disease, spray with a
fixed copper compound during the
dormant season.

Crown gall.—Crown gallisfoundin
allnorthern highbush growing areas
where It is prnimarily a problem in
nurseries but is occasionally u
problem in cultivated fields.

Tumorlike cutgrowths appear on
low branches, small twigs, and the base
of canes near the ground line. The
outgrowths are black or dark brewn,
rough, and hard.

The best control is to propagate
only from healthy plants and to
remove immediately and destroy all
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prunings suspected of having crown
zall. Stenlize contaminated pruning
tools with anantiseptic before reuse on
healthy plants.

Nematodes*

Blueberries are attacked by several
species of nematodes. The most dam-
aging are root-knot (Meloidognyne
spp.). sting ( Belonolaimus spp.), root-
leston (Prarvienchus spp.), stunt
(Tylenchorhynchus spp.), spiral
(ficlicotylenchus spp.), stubbyroot
(Trichodorus spp.), and dagger
(XNiphinema spp.) nematodes,

Nematodes cause poor stands, slow
plant growth, and reduced fruit size
and yields. The root systems of
severely injured plants are galled
(root knots), greatly restricted. and
often matted and rotted. The foliage
may be yellow and leaves may drop
early, espectally during a drought,

Nematodes can cause extensive
damage in both nurseries and field
planungs. No varieties are resistant to
nematodes.

The use of nematicides provides
the best nematode control (table 4).
DD, 1,3-D. and EDB control only
nematodes. DD+MENCS, methyl
bromide, and SMDC also controi
many weeds, insects. and soli-borae
discases; they are especially desirable
tor use in nursenes (fig. 14).

Rates of appheation of nematicides
vary according to soil conditions and
method of application. Always lollow
the manufacturer’s directions on the

*Prepared by J. M. Good. SEA nema-
tologist. Extension.



package iabel for specific recommen-
daiions.

If they can be obtained, use only
nematode-{rce vlants for established
field plantings.

Insects®

The rumber of insccts attacking
blusberries is entensive. The most
common ones are the blueberry mag-
got. the cranberry fruitworm, the
cheiry fruitworm, the blucberry bud
mite, the ¢lum curculio. and the
cranberry weevil.

Other insects that attack blue-
berries arc leafhoppers, budworms,
tent caterpillars, webworms, datana
worms, leaf rollers, scale insects. (tem
borers, and cranberry rootworm. For
help in identifying insect pests aad
their control, you may wish to consult

SPrepared by Paul H. Schwartz, Jr.. SEA
entomologist, Beltsville, Md. 20705

your jocal county agrizultural agent
or State agrnicultural experiment
station.

Fruit Worms

Adult maoths of the cranberry frunt
worm appear aunng late May and
varly June. Thev lay their cpgs in the
calyx cup at the base of newly set{r nt.
The larvae are greenmish underncath
and c¢n the sides. hrownish red on the
back, «nd up 10 ons-hait inch long.

The smal, gray moths of the cherry
[ruit worm appear late in the
blooming season and do not lay eggs
in large numbers until the bloom is
nearly off. The larvac are uniform
reddish crarye and up to three-
eighths iach long.

Green (ruit s attacked by the
larvae of feut worras: a few worms
<an destroy large numbers of berries.

Boih of these insccts are distrib-
uted from Maine 1o Texas.

Appnly azinpnaosmethyl, carbaryl, or
malathion, using three applications at

TABLE 4.—Suggested nematicides for control of nematodes on hlucherries

Chemiical

Active ingicvdient
pr.racre as
overall treatment

Poundy

DD ¢rixture of 507 1 3-dichloropropene and 50¢

1. 2-dichloropropand) ..o

2500 1o 600,

1.3-D (100¢¢ 1. .3-dichloroprapenc and related chlonnated

C hvdrocarhones) .o

200 to 480,

DD + MENC> trmixture of 807 DD and 206 methyvi

INOLOCVANALEY o e
EDB (8¥; ethvlene dibromude) ..o ovoveoils
SMDC (sodium methy dithiocarbemate) ... ...
DBCP (i.2-d:bromo-3-chloropropane) ........

Methyvl bromide!
Methyl bromide?

145 10 240
94 16 (0K,
[RERTGIRKES
1410 26
175 to 412,
415 10 872,

"This methyi bromide treatment 1s for general use.
“This methyl bromide treatment 1s only for nursery use on plant beds.
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Figure 14.—A comparison of the size of blueherry plunts: Left, Plants grown in untreated soil;
right, plants grown in soil treated with nematicides.

10-day intervals heginning just after
petal fall.

Blueberry Maggot

Adult blueberry maggots are sim-
ilar to houseflies in shape. They are
about tliree-sixteenths inch long,
have 2 brown face and shiny black
body, are white on the sides and rear
of the tnorax, and have several white
bands on the abdonien. The wings
are clear with black bands. The
larvae are yellow-white maggots up
to three-eighths inch long.

The larvac attack the berries.
Infested berries may drop. reducing
the crop yield. The maggots puncture
the skins and feed on the flesh,
causing the berries to collapse due to

loss of flesh. Usually only one
maggot is found per berry.
The blueberry maggot is distrib-
uted fiom New Jersey northward.
Apply malathion, beginning near
the end of June and reapplv at i0-day
intervals.

Blueberry Bud Mite

Blueberry bud mites are onlv about
1/128-inch long, are soft bodied,
havé eigiat legs, and are not classified
as insscls,

The blueberry bud mite sucks
juices from the buds. Flowers may be
distoruzd and fail to sct fruit. Berries
may ounly partially develop and the
skin of the berries may be rough.
Red, biistered, misshapen berries are
the first signs of injury.
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This mite is 2 serious pest in North
Carolina and to a lesser extent in
New Jersey.

Apply endosulfan immediately
after harvest and repeat 6 to 8 weeks
later. Do not apply endosulfan afte
buds are well formed.

Cranberry Weevil

Adult cranberry weevils are dark
reddish brown, about one-third inch
long, have white patches across the
wings, and have a slightly curved
snout one-third as long as the rest of
the body. The larvae have a whitish,
legless body up to one-ninth inch
long and a yellow head.

Adult weevils bore into leaf and fruit
buds and eat the flesh. When the
blossoms start turning white, the wee-
vils lay their eggs in the flower. After
the larvae hatch, they eat the entire
contents o! the flower. Crops are
severely reduced.

These weevils are distributed east of
the Rocky Mountains.

For control. keep ficlds clean by
cultivaticn; kill hibernating weevils by
burning the trashand dry weeds of( the
unused land 1mmediately sur-
rounding fields in spring belore buds
begin to swell.

Plum Curculio

The adults arc dark brown beetlcs
one-fourth inch long that have
grayish or whitish patches on the
back and four humps on the wing
covers. The larvae are gravish white,
legless, and curved-hadied: they havea
small brown head and are up to one-
third inch long.

Adults appear carly in the
blooming period, l¢ed, and lay their
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cgps in osmall green berries. Usually
there is one larva in cach berry. The
larvac feed on the fruit, causing the
fruit to drop.

This insect is distributed east of the
Rocky Mountains,

Apply carbaryl or malathion using
three applications at 10-day intervals
beginning just after petal fall.

USE OF PESTICIDES

This publication is intended for
nationwide distribution. Pesticides
are registered by the Environmental
Protection Agency (EPA) for
countrywide use unless otherwise
indicated on the label,

The use of pesticides is governed by
the provisions of the Federal
Insecticide, Fungicide, and Rodenti-
cide Act. as amended. This act is
admimistered by EPA. According 1o
the provisions of the act, *It shall be
unlawful for any person to use any
registered pesticide in a mannes
inconsistent with its labeling.” (Sec-
tion 12(a) (2) (G))

EPA has interpreted this Section of
the Act to require that the intended use
of the pesticide must he on the label of
the pesticide heing used or covered by
a4  Pestuaide  Enforcement  Policy
Statement (PEPS) issued by EPA.

The optimum usc ol pesticides,
bath as to rate and {requency. may
vary in diftferent sections of the coun-
try. Usersof this publication may also
wish to consult their Cooperative
Extension Service, State agricultural
experiment stations, or county exten-
sion agents for information applii-
cable to their loculities.



The pesticides mentioned in this
publication arc availdable in several
ditferent formulations that contain
varving amounts of active ingredient,
Because of this difference. the rates
given in this pubhication refer to the
ammount ol active ingredient, unlcss
aotherwisce indicated. Uscers are
reminded to convert the rate in the
publication to the strength of the pes-
ticide actuaily being used. For exam-
ple, I pound of active ingredient
cquals 2 pounds ol a 50-perceni for-
mulation.

The user is cautioned to read and
{ollow all dircctions and precautions
given on the label of the pesticide for-
mulation being used.

U.S. GOVERNMENY PRINTING OFFICE « 1978

Federal and State regulations
require registration numbers. Use
only pesticides that carry one of these
registration numbers.

USDA publications that contain
sugpestions for the use of pesticides are
normally revised ai 2-year intervals, If
your copy is more than 2 vears old,
contact your Cooperative Extension
Service  to  determine  the  latest
pesticide recommendations.

The pesticides mentioned in this
publication were federally registered
(or the use indicated as of the issue of
this publication. The usc: is cau-
tioned to determine the directions on
the label or labeling prior to use of the
pesticide.

O—272-38
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Commercial BLUK] LAY Prodaclion

Guide for North CAROQLINA

North Carolina is one of the largest producers of commercinl
highbush blueberries in the nation. Since the erop in North Ciro-
linacis earlier than other areas, a food market is asually availabie,

Acreage planted to blueberries his been expanding rapidly.
During the past 25 years the industry has grown from 100 acros
to more than 4,000 acres with an annual firm value of over $
million. Most of the acreage is in Pender, Bladen, Dupiin, and
surrounding southeastern North Carolini counties; however, a
few small commercial plantings ave found in the western North
Carolina mountains,

Highbush blueberries (Vaceinium corymbosium L) account ror
over 95 percent of commercial acreape. Some rabbiteye blue-

72 Present areas of production

Possible areas for cxpansian

Commercial biueberry production in North Carolina is now mostly confined to
the southeastern Coastal Piain; only a few acres are grown in the mountains
of wastern North Carolina,
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Derries (V) ashiel) e Krown in home rardens, smad) commerciad
plantings, and in pick-vour-own aperations,

Altoongh rrown i My countries of the wopl, blucherrios
aretraditionally America, Whea the first white settlers aerived
the Indins wepe alreidy enjoving this wilg it Today we
relish blucherries for their fine Tavor, their cactiveness,
their versatiiiy, Srobabiyv bost of all, blucberries conye 1 us ready
ooead It s no SUrprise that we gt three 1o four servings from x
pint of fruit,
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A iypical c;mmercial bluebor;y field in North Carolina.

Site Selection

Highbush Blueberries

Soil Type—Most commercial plantings of highbush blueberries
in eastern North Carolina are growing on either a Lynn Haven or
Leon type soil. These sandy soils are characterized by an organice
matter content of 2 percent or greater in the surfuce laver, under-
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win with a white sand layer above an organic hirdpan. The white
sandy layer underneath the topsoil, referred to as the A, horizon,
is extremely important. Production, vigor, and Livability of busnes
are much higher in soils where this Ay hori on is present, com-
pared to soils where it is absent. .

Plantings are also being grown successfuily on Rutledge aaud
peat soils. By adding organic matter to the planting hole andfor
mulching with sawdust, blucverries can be grrown in upland min-
eral soils. Most desirable soils are primarily coarse sands with an
organic base, open, porous, and with a water table at least 14
inches but not more than 30 inches below the surfuce.
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Most blueberries are grown on either a Lynn Haven or Leon soil, both poorly
drained. Above is “blueberry land” rough cleared. Notice the drainage ditch at
the edge of the newly cleared field.

Soil pH—Acid soils (pH 3.8 to 4.5) usually promote  hest
growth. However, plants grow well at even lower native pl levels
found within the blueberry growing area. Lime is seldom, if ever,
needed. A soil test by the Soil Testing Division, Nortn Carolina
Department of Agriculture, Raleigh, will determine the acidity
(pH), organic content, phosphorus, and potassium levels, Your
local agricultural Extension or Soil Conservation office can advise
you concerning this service and offer valuable assistance.,

108


http:hori,.on

f~———r e~ o m——e— I L,

' .
. ‘
L
. DI

" . K 0w

‘- . "‘.' 4'

o . .

“ ’ o . .

' ‘., . o, -~ L

- ., S . . Lot ey ’ _”,. . ’ .
1 b ¢ e -~ ¥ -,

. -

.
‘.

s
: . .
lll '.

e
N . . LR 4
-

Soii type, organic matter, pH, and water lable are extremely important in growing
blueberries. The dead and dying bushes in the right foreground were planted on
$0il not suited for biueberry growing,
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The blueberry bushes on the right are growing in soil with optimum pH and
organic matter. Bushes on the left are the same age but the soil has iow
organic matter and high pH.
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Sail Meisture—Soil moisture is o critical fictor in blucherry
production. Blueherry bushes are very shallow rooted and will
not tolerate either extreme drought or projonged periods ol ex-
cessive water in the root zone. Consequently, they require o well-
drained soii but one which has o continuous moisture supply. In
some areas this condition can be madntained by reprudating the
water table at 11 to 30 inches bhelow the surfaee wiih aitenes,
caials, ete. Inother locations, supplemental ivrigation is needed,

Indicator Mants—DProbably the best indieation that blucherries
will grow successfully in a particular location is that they or some
related plants are naturally growing there. These indicator plants
include blueberries, huckleberries, wild azaleas, gallberries,
laurei, rhododendron, and leatherleaf,

Rabbiteye Blueberries

The rabbiteve type is more widely adapted to different soil
types than highbush blueberries, but poor plant growth has been
associated with soil pH levels above 5.4. Rabbiteye blueberries will
not tolerate the cold climate of the mountains. They ure also more
drought and heat resistant than highbush.

Rabbiteye blueberries grow well in typical highbush blue-
berry soil as described earlier. Modify other soils by adding
organic matter, supplying supplemental irrigation, and by mulch-
ing around the plants with 4 to 6 inches of sawdust.

Highbush Varieties
and Their Characteristics

Canker-Resistant Highbush Varieties

In eastern North Carolina, the stem canker disease caused by the
fungus Botryosphaeria corticis is one of the most important limiting
factors in producing highbush blueberries. Seven varieties have been
developed by the North Carolina Agricultural Experiment Station
with resistance to this disease; however, there are strains of the
canker fungus which will attack plants of varieties that were highly
canker resistant when introduced in the early 1950s. Growers should
consider canker-resistant varieties for the major part of their
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. planting. They should be aware that canker-suseeptible varieties
reaaily develop canker, decline in pro luction, and eventually many of
the bushes of these susceptible varie.ies die.

Varicties introduced for Coastal Pluins North Carolina are
described as follows in their order of ripening.

Angola: Introduced 1951.
Purentage: Weymouth x (Stanley x Crabbe 4).
Season: Very early (mid-May)—Usually the {irst to ripen.

Fruit: Dark, soft, has good flavor, and ripens over a long period.
About same size as Wolcott under favorable conditions. This
variety is highly canker resistant and productive. However, the
bush is very sensitive to soil and water variations. Heavy annual
pruning is required to maintain bush vigor and fruit size.

Morrow: Introduced 1964.
Parentuge: Angola x Adams.

Season: Very early. As much as 5 to 7 days ahead of Wolcott.
Also ripens over a shorter period than any other North Carolina
variety.

Yield: About that of Wolcott and Murphy.

Fruit: Lighter blue than Woleott, Croatan or Murphy. Much
lighter blue than Angola. Size about the same as Croatan. Large
and moist stem scar, a mild, pleasant taste and as firm as Wolcott.
Comparative ease of harvest (shakability) = 94,

Bush Description: Medium-sized, slow growing after fruiting
age. Semi-upright and broad. Has more tolerance to stem canker
than Wolcott. Fruit clusters are usually horne upright at the
periphery of the bush. Forms many short fruiting shoots that re-
quire numerous cuts during pruning. Morrow was introduced as a
replacement for Angola, and is a canker-resistant, very early com-
mercial variety with improved size and color.

Wolcott: Introduced 1950.
Parentage: Weymouth x (Stanley x Crabbe 4).

Season: Early—usually begins ripening mid- to late May in
southeastern North Carolina.

' ideal eane of hurvest or shahulnlity = 100,
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Bush: Senviupright, large, well-shaped, susceptibie to bud mite.
Susceptible to many races of the stem canker fungus. Should not be
planted in areas where stem canker is a problem.

Fruit: Berries generally round, medium blue, firm to shightly
soft, sub-acid 1o sweet, pood flavor, small scar, does not size well
under dry conditions. Comparative ease of harvest {shakubility) =
93.

Croatan: Introduced 1954,
Parentuge: Weymouth x (Stanley x Crabbe 4).

Season: Early mid-scason.

Bush: Erect, vigorous, productive. More canker resistant than
Wolcott. Performs better on light soils than most varieties.
Tolerant to bud mite and has a short chilling requirement.

Fruit: Slightly larger than Angola, Walcott or Murpny.
Aromatic, sweet to subacid, ripens very quickly in warm weather.
Not quite as firm as Wolcott and Murphy. Comparative ease of har-
vest (shakability) = 98.

Harrison: Introduced 1974,
Parentage: Croatan x US 11-93.
Season: Mid-season several davs after Croatan.

Bush: Semiupright, vigorous, productive. More canker resistant
than Wolcott. Tolerant to bud mice. Phytophthora root rot becomes
a problem in wet locations.

Fruit: Larger than Croatan. Light blue and much more firm than
most North Carolina varieties. Stem scar and flavor are zzood.
Superior keeping quality. A majority of the fruit ripens in a 4-week
period. Comparative ease of harvest is similar to Bluecrop.

Bluechip: Plants will be available to growers in spring of 1979,
Parentage: Croatan x US 11-93.
Season: Mid-season-approximately a week later than Woicott.

Bush: Erect, vigorous, productive. Few short shoots, easily
pruned. Susceptible to three races of stem canker in greenhouse
tests, but has shown field tolerance during limited testing.

Frudt: Larger than Harrison. Excellent flavor, firm, light blue
color, good keeping quality.



Murphy: Introduced 1650,
Parentaye: Wevmouth x (Stanley x Crabhe ).
Seuson: Mid-seusun-—upproxima[ely a week later than Wolcott,

Bush: Medium-low, spreading, large leaves, more canker resis-
tant than Wolcott.

Fruit: Round (o round-oblate, firm, subacid sweel, poud flavor,
large but shuliow sear. Long clusters, loose, open, excellent tyne,
Medium light blue. Crops annuaily and consistantly, Comparative
2ase of harvest or shakability = 98.

Canker Susceptible Varieties for the North Carolina Mountains

Stem canker is as Yetnotaproblem in western North Carolina or
in the northern producing areus. To avoid importing the disease
into western North Carolina, order plants only from canker-free
northern nurseries (New Jersey, Michigan, ete.), The most widely
planted variety is Jersey, but several varieties have performed
well in tests and in commercial plantings in the mountains, and
are described briefly as follows, For nmiore detailed deseription,
referto USDA Farmeps Bulletin No. 1951, Blucherry (irowing,

Weyniout) Very early, dark fruit, medium waarge, fair quality.
Bush medium size and spreading.

Earlibiue: Very carly, light blue, large fruit, firm, good flavor,
good scar. Bush vigorous, upright. Pollination a problem. Shak-
ability = 74,

Blueray: Midseason, frujt large, light blue, firm, highly
flavored. Bush very vigorous, hardy, upright, Shakability = 70,

Bluecrop: Midseason, fruit firm, acidic, large, very light blue,
medium quality. Bush dverage vigor, upright, spreading, nardy,
very productive. Shakability = 76.

Berkeiey: Late midseason, rruit lightest blue, medium firm,
very lirge, medium quality. Bush vigorous, open spreading. Shak-
ability . 8],

Jersey: Late season, medium size fruit, good blue color, medium
dessert quality. Bush very vigorous, hardy, with some tolerance to
stem canker.

' ldeal ease of harvest or shakability = 100,
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Table 1,

Highbus!ly blueberry varieties ranked approxima.cly in order of ment
tor certain charactenstics

Varieties Developed tor North Carolina

Seascn Fruit Size Shipping Dcsosarnt Color Yicid

(Eariy to {Largo to Quality Quolity {Light {(High

Late) Small) (Gond to (Good to to to Low)
Pooier) Poorer) Dark)

Angoia’ Bluechip: Harnson Bluechip Bluechip Croatan
Morrow Harrison Biuechip Harnison Harrison [Harrlson
[Wolcon Morrow [Wo!cou Murphy torrow Bivechip
Croatan Croatan Morrow Morrow Murphy Morrow
Harrison Murphy Murphy Wolcott [Wolcou Wolcott
Bluechip Angola Croatan Angola Croatan Murphy
Murphy Wolcott Angoia Croatan Angola Ango.a

Varieties Developed in New Jersey:
Weymouth Berkelay Bluacrop Blueray Berkeiey
Earliblue Blueray Jersey Bluecrcp Bluecrop
Blueray Bluecrop Berkelay Earliblue Eariiblue
Biuecrop Earliblue Eariiniue Berkelay Biuwray
Berkeley Wevmouth Biueray Jersey Jersey
Jersey Jersey Weymouth Weymouth Weymouth

t Varietizs hracketed together do not apprectably differ in that charactenstic
! Farmer's Bulletin No. 1951, U.S. Dept. of Auric. Db ( Revined ).

Rabbiteye Varieties

Rabbiteye blueberries (Vaceiniun ashei) are well known for
their vigor and productiveness and can be grown successfully
coastal plain and piedmont North Carolina. They ripen later and
over a longer period than the highbush type. Generally, highbush
blueberries begin ripening in late May and harvest is concladed
by late June. Rabbiteye harvest, on the other hand, begins in late
June and continues into August.

Two or more varieties should be planted to ensure adeguate
pollination. Rabbiteve varieties with desirable qualities suprgested
for planting in North Cavolina are described in ripening order.
See Table 2.

Premier: Plants wili be available to growers in spring of 1979. Very
early (mid-June). Ready to harvest as the highbush season is ending.
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Bush is sturdy, disease tolerant, vigorous and easy o manage. Fruit
is unusually large, flavorful and fine-textured. Early blooming
characteristic often results in spring frost damage.

Woodard: Introduced 1960. Early, large, high-quality fruit, light
blue. Berries withstand shipment well, although the stem scar is
large. Bush size medium, many suckers produced.

Homebell: Introduced 1955. Medium dark blue fruit, rather soft,
and subject to cracking. Blossoms often damaged by spring frosts.
Recommended only for home gardens.

Delite: Introduced 1969. Very good flavor, medium blue, large,
round berries with a small-dry scar. Fruit is sweet as soon as it turns
blue. Green fruit is easily detached during harvest. Columnar shaped
bush with few suckers.

Southland: Introduced 1969. Firm, light-blue fruit with a waxy
bloom and small stem scar. Fruit resists decay during shipment.
Bush size medium, productive.

Garden Blue: Inwroduced 1958. Firm, medium blue, good flavored,
and small to medium-size fruit of good quality. Bush vigorous. up-
right, and high vielding.

Tifblue: Introcuced 1955. Firm, light blue, good flavored fruit when
fully ripe. (This variety will appear to be ripe several days before full
flavor developes.) Loose fruiting clusters, ease of ripe fruit detach-
ment, and a small dry stem scar make the variety desirable for
mechanical harvesting and commercial shipment. Bush very produc-
tive, vigorous, and widely adapted. Resists blooming during warm
winter periods.

Powderblue: Plants will be available to growers in spring of 1979.
Ripens 1 to 2 days later than Tifblue. The plant is sturdy, discase
resistant and very productive. Fruit is very light blue, firm, medium
size and suitable for mechanical harvesting. A good pollinator for Tif-
blue. Time of ripening and fruit appearance are sufficiently similar
that the two varieties can be harvested together and the fruit
combined.

Centurion: Plants will be available to growers in the spring of 1979.
The plaar is strongly upright, disease tolerant and bears consistentiy
because it blooms late enough to escape spring frost. Fruit is medium
blue, firm, medium large and sweet.

Climax is a recent variety that is suggested for trial.



Table 2. Rabbiteye bluebarry variotios ranker gpproximstery in order with
reference to certain charccleristics

Fruit Size Dasort Quality Dush Size

Saeacon Culor
(Early to {Largoto (Good to (Lightto (t.argoto
Late) Smail) Pooraer) Dark) Smuall)
Prom.or Pramior Dalite Powderblue Garden Bive
Wooaard Delite Promior Tiiblue Centurnion
Homebell Woodard Wooaard Premier Titbiue
Delite Titblue Powderblue Southland Homabell
Southland Southland Titbiue Woodard Premier
Garden Blue  Centurion Garden Biue Garoen Biue  Dolite
Tifblue Powderblue Car.turion Centurion Powderblue
Powviderbiue Homabell Southland Delite Woodard
Centurion Garden Blue  Homebel! Homebaell Southiand
Propagation

Commercial Highbush

Most commercial highbush blueberries are reproduced from
hardwood cuttings. (Softwood cuttings as described for rabbiteye
propagation also root well) Hardwood cuttings are taken during
the dormant season (late winter). Make the cattings from previous
season’s growth, Select only vigorous, discase-free shoots, remove
wood with fruit buds, and make cuttings 4 to 5 inches long. Avoid
winter-injured wood. The best cuttings are made from mature,
vegetative wood about the diameter of a lead pencil. If the shoots
are cut by hand, make the lower cut just below a bud and the up-
per cut just above a bud. Cuttings can also be made on a beneh
saw. Tie the shoots into bundles and cut into J4- to 3-inch lengths
without considering the position of the cut with respect to the leaf
buds. When long shoots are available, saw cutting saves labor
with only a slight reduction in rooting.

Shoots collected and made intu cuttings in March can be stuck
directly into the propagation bed. In larger-scale operations the colice-
tion of cutting wood is started in February and stored at 35 to 40° F.
“in plastic bags lined with damp sphagnum. Following unusualiy
warm winters, refrigeration of cutting wood prior to sticking in the
bed will cause more uniform ieafling and improved rooting.

Good drainage is essential in the rooting bed. Raise the bed 4 to
6 inches off the gronnd and support the bottom with hardware
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Highbush blueberries are generally propagated from dormant hardwood cullings.
From left to right: a weli rooted cutting, a cutting just calloused, an ideal cutting
ready to be piaced in the bed, and ar undesirable culling taken from the fruiting
portion of the stem. Notice the large fruit buds on the cutling to the extreme right.

cloth on a frame. Media can be placed diveetly on Uu-ineh hardware
cloth, but Saran screen or hurlap must be placed over coarser
hardware cloth to retain the media. Ground beds placed ina well-
drained location have also veen used successfully, but injury from
excessive water during prolonged periods of vain have been aomore
serious problem thaa in suspended beds,

Fill the bed to a 4- to 6-inch depth with a mixture of one part coarse
sand and one part shredded horticultural peat. Replacing the peat
with well-rotted sawdust has jriven variable results. If sawdust is to
be used, it must he fumipated to destroy termites. Since the water-
holding capacity of sawdust is much lower than peat, beds containing
a sawdust medium must be watered more often. Old media should be
removed and replaced with fresh media each year.

Place the cuttings, large end down, about 1 to 2 inches apart
in rows 2 inches apart. Stick the cuttings vertcally into the medi-
um one-half to twoe-thirds of their length, Water the bed and con-
tinue watering at intervals to keep the media moist bul not too
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Tender new shoots and leaves develop rapidly on the cuttings, hut
roots do not appear untjl about 8 weeks after sticking. Do not allow
the cuttings 1 wilt during this period before roots have formud.
Wiltingr of the cuttings even for a short period seriously reduces the
rootiny percentayre. In addition to maintaininy adequate moisture in
the media, a windbreak around the bed, shade, and misting oy
sprinkling wi] help prevent excessive moisture loss from the plants
and subsequent wilting. Lath or Saran shade providing 50 1 6l) per-
cent reduction in ligrht intensity have heen used successfully. Mistings
or sprinkline during periods of high temperature hyve proven
beneficial. Usually, cuttings will root by June., This is indicateg by a
second flush of new #rowth. Leave thege Young plarts in the rootings
bed until winter. Fertilize lightly after the MEINgs are 1well rooted
(us ly about July 1). A pood fertilizer is 1 pound of ammonium
Ph. spnate dissolved in 4 gallons of water per 100 square feet of b
applied every 2 weeks until mid-August. Rinse the leaves with wator
immediatel_\' after fertilization *¢ prevent injury.

Remove the cullings the foliowing Sprimdoand plan them in
nursery rows 138 inches APl About domanth after pianting, -
tilize with 100 1o 150 POURGS per acre of 10-10-34 oy 10-20-10, [1e-
peat every - to 6 weeks nngj! mid-Augusi. Fxtend application -
terval during dpy perious until raintal} has totaded 1 inches, Con-
trol weeds ang Erass and deaf spot disenses throughout the sum-
mer. Nursery-grown plants should have made sufficient growth o
be transplanted 1o the field the lollowing wintey o carly spriag,

Rabbiteye

The method for rooting cutlings of the rabbiteve varieties js
very similar to that of commercial higrhbush Arieties, with a few
exceptions.

Generidly, softwaod cuttings are taken i May when the first
flush growth becomes mature enourrh to stick (he cutting into the
media without probiems of bending and breaking. Cuttings tuken
from second fiush Srowth that has reached the stage of maturity
described previously also root well, but little plant development
occurs before cold weuther., Using only the most vigorous waood,
make cuttings 4 to 5 inches long. Remove the leaves from the lower



half of the cutting and place immediately in the rooting bed.

Maintin humidity near 100 percent by mist nozzles that de-
liver about 2 grallons of water per hour at 30 pounds pressure.
Six seconds of mist every 2 minutes has been satisfactory, No
misting is needed at night or on very humid days,

When cuttings have rooted well, gradually reduce misting and
allow the plants to hirden. Water only when the surfice soil
becomes diy. Pluits may be left in the bed for protection during
the winter. Grow rooted plants at least a Year in g nursery row
before moving them to their perman=nt location.

Planting

Soil should be well drained and in food tilth before plantine. Level
the land to eliminate any wet or low areas. Before fumigating and
treating the soil for insects and diseases, contact the Entomology
and/or Plant Pathology Departments, N. C. State University,
Raleigh, for suggested materials and procedure.

Transplant any time during the dormant season (late November
through March). Set plants the same depth oi slightly deeper than
they grew in the nursery.

Set strong-rooted cuttinzs or nursery-grown plants 4 to 5 feet apart
in rows 8 to 10 feet apart. A 4- by 8-foot planting requires 1369 plants
per acre; a 5- by 10-foot planting requires 870 plants per acre. Closer
spacing will give a greater yield on young plants if your ¢quipment
will allow this closer spacing.

Rabbiteye plants are more vigorous and grow larger than high-
bush. Generally, they are planted 5 to 6 feet apart in rows 10 or 12
feet apart.

Fertility and Fertilizers

Blueberry bushes respond to applications of the proper f{ertiliz-
crs. Because of their limited root system, they need frequent fer-
tilizer applieations and are injured if too much fertilizer is applied
at any one time. For efficient utilization, fertilizer must be applied
in the region of the roots. The region of absorbing roots generally
extends as far out as the branches. On established plants, fertilize
should be uniformly spread in a broad band down the plant row.
The branch spread will determine the width of the band. Fertilizer
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dropped in lumps or piles under the bushes can eause Serious root
damiyre and possible bush death, Special care must be taken not
Lo apphy heavy concentrations of fertilizer over the root svstenn of
Youe s plnts,

3efos» planting, have a soii analysis made by the N. C. Depart-
ment of Agricuiture, Agronomic Division, Radeigh, Use this
analysis as a guide in building and maintaining fertility in the
soil. To ensure adequate soil copper, applv 5 pounds of actual
copper per acre before sianting and repeat every 5 years. Do not
apply lime or fertilizers high in calcium or sulfur.

Fertilizer recoinmendations in this circular are based on the re-
sults of field tests in North Caroline. The bushes: in these experi-
ments were plaated in rows 8 feet apar. At this spacing, there are
5,445 linear feet of row per acre. Use the recommended o monnt of
Jertilizer on 5,445 linear feet of plant row independent of bush and
row spacing. Determine the amourt of fertilizer to be applied to
100 feet of row for calibrating vour spreader by using the follow-
ing formu ..

pounds of fertilizer desired per acre = pounds to apply
54.45 (hundreds of linear feet of per 100 linear
row per iacre) feet of row

For example, if vou want to apply 200 pounds of fertilizer per acre,
divide 200 by 54.45 and find that 3.7 pounds per 100 feet ure re-
quired.

200 pounds/ucre = 3.7 pounds per 100 feet of row

54.45

Calibrate your spreader by measuring and marking 100 feet and
adjusting the spreader to apply the desired amount. Cateh and
weizsh the fertilizer from the spreader and adjust the spreader
until the desired rate is applied to 100 linear feet. Be sure to op-
erate the tractor at the same speed when fertilizer is applied in the
field. Once the spreader is calibrated by this wmethod, the applica-
tion rate will be correct for all row spactugs without further ad-
Justment,

As the spacing between rows increases, less fertilizer is required
per acre planted to blueberries. If your rows are § feet apart, order
enough fertilizer to apply the recommended rate per acre of land
planted in blueberries. When rows are 9 or 10 fect apart, order 89
and 80 percent, respectively, of the recommended rate.
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L1least two applications of fertilizer must be applied each year.

The plunting year never fertilize newly planted bushes until the
roots have become reestablished. After the first flush of growth, ap-
ply 100 pounds of 10-20-10 or equivalent per acre' and repeat every 4
to 6 wecks until mid-August. Extend application interval during dry
periods until rainfall or irrigation has totaled 4 inches.

The second year apply 200 pounds of 10-20-10 or vquivalent per
acre when new growth begins in the spring. Follow the planting
year timing and rate schedule for the rest of the season.

On bearing plants apply 300 pounds per acre of 10-20-10 or
equivalent two-thirds prior to bloom and one-third 4 to ¢ weeks
later (early May). Apply 30 pounds N per acre (100 pounds of
ammonium nitrate or equivalent from other sources per aere after
harvest) if growth is poor. Use a complete fertilizer after harvest
if s0il phosphorus is low or leaching has been severe.

Caltivation and Weed Conizol

Blueberry bushes are very shallow rooted. Ninety percent of
their root system is in the top 6 inches of soil. To avoid damaye

' One hundred pounds per acre  equivaient to approxsmeteiy 's cup per bush.
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o the roots, cultivate shallow and only as frequently as s neces-
sary to controi weeds and grasss Frequent stirring of the soil de-
pletes the S0l organic matter by inereasing its eXpasure lo the
st and speeds its oxidation and decomposition.

Chennead weed contral nas oeen used Successiwdy an a com.
mercial seide e North Carolina, Some nraeticad asprects of usings
chemicids e as foilows: (17 can e apphied in e winter; (2)
reduces Ltbor costs: (G3) roots e not disturbed.

A disadvantage of chemical weed control is the chance of injury
to plants if used improperly

Informution on chemical weed control is being developed rapid-
ly. Therefore, it will be updited each vear, published in the North
Carolina Agricultiral Chemical Manval, and made available to
growers through No CL State University and Joead county ayricul-
tural Extension offices. Be extremely careful when using herbicides.
Read and follow label directicns exactly.

Pruning
Why Prune?

Blueberry bushes tend to overbear if not pruned. Overbearing
results in small, poor quality fruit and may shorten the life of the
plant because of greater drought injury during periods of low
cainfall,

Pruning initiates new, vigorous growth on which next vear's
fruit is borne. This new growth is also needed for rejuvenation
of the plant. In addition. correct pruning removes dead wood
which may harbor diseases and inseets.

Moderate to heavy pruning reduces the erop, increases berry
size, and shifts the ripening period forward so that the fruit
ripens in-a shorter period of time and earlier than on lightly
pruned bushes, Light pruning results in a long scason of ripen-
ing, small frait, late harvests, and more fruit per plant.

How to Prune

Pricwe yorng plants so as to establish a large bearing area in
the shortest possible tirne. Remove all fruit buds immediately
after planting and each year until the thind year n the field.
Prune moderately heavy at the beginning of the third year in
the fieid to stimulate strong, new growth on selected canes.
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Mature hightush plant before (left) and altor (right) pruning.

Prune bearing plants so as to have the tlower buds well dis-
tributed on the plants by wise selection of canes and lateral shoots,
Start by making large, shaping cuts. Remove all low-spreading
branches and the oldest, weaker canes. Cut back upright “bulil
shoots.” Essentially, vou have now automatically selected the
remaining, more upright canes to bear neat season's and the
following season’s erop.

On the remaining canes, syrtematicaliy thin oul the shorter,
weaker shoots, leaving enough of the tick shoots to bear the crop
and provide new growth. Finally, tip back long fruiting shoots
to leave four to six buds to ensure adequate fruit size. Fraiting
clusters should have enough leaves around them to provide ade-
quate focd materials (mostly sugars) tor the developing fruit
but not enough to overshade the fruit, or to reduce spray or dust
coverage, or to hinder harvesting operations.

Blueberries are borne on l-vear-old wood (previous season’s
growth). Pruning, therefore, regulates notonly the current spring’s
crop but the fruiting potential of the following year. Prune severely
enough Lo strengthen the plant so that sufficient new growth is
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produced the next summer for & crop the ToHoWIE spring. Guene-
eridly, weak busies require more serere prioving than vigorons
Bushes. Heavy pruning causes thicker and more lealy shoots than
light pruning. These thick and late developing shoots tend to set
fower fruit buds than early and weak shools.

Renewal Pruning (Bejuvenaticn;

When blusberry bashes are 3 to 1o vears old, they are ut their
productive peak. At this point, renewal growth (new growth
arising at or near the around which later provides the main
framework of the bush) has seached a minimum. Production
will also decline markedly from rear to year unless new growth
is stimulated. Before yields deciine too much, make sorpe pro-
vision either before or at this point to rejuvenate the plant and
prolong its productive growth.

To renew old bushes, remove weak or diseaswd canes entirely.
Cut tie remaining canes back to astrong lateral or to within 1 foot
of the ground. New, lateral branches will usually develop from
below the cut. It is from these new shoots that a new bush frame-
work is developed,

This method of renewing old bushes reduces erop vields for
1 or 2 vears, but the plants should then bear several more goud
crops. However, when rejuvenation becomes necessary, consider
systematic replanting to newer and better varieties.

Irrigation

Rainfall data have been collected since 1928 from Wilmington,
Willard, Southport, Lumberton, and Elizabethtown, North Caro-
lina. On the average, late April, May. and early June ave the driest
months of the growing season for that section of North Carolina.
During May and June, the water use rate (evapotranspiration) is
the highest of the year, averaging 0.14 iuch per day in Mayv, and
0.17 inch per day in June. Another eritical moisture period for
blueberries is August and September when bud formation is oeeur-
ring. Rainfall amounts are normally higher during these months,
but long drought periods oceur on the average of once every 3 to
4 years. Because of their shallow root system, blueherries require

I Thin section prepared by Dr. R, E. Sneed, Bivdogical and Agricultural Engineenng Specinlint,
N. C. State Umvernity.
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between 1 andg % inches of water per week during the growimy
season, either from caantaldl ov rrigation,
Irvigation is valuable in many ways:
e Hipgher vields, bettor quadity smd Lgeer herries caa
be obtiined.
e Plants cun be Kept alive during dev weatier, Paoais that
are weakened by dey weather e more subyect o disease
insect damiyze, resulting in increased plant mortabiy.

e Overbead sprinkler nrvigation can be used for rast aud
freeze protection. An application vate of 012 to 05 | inei por
hour begun when the aiv temperatare surrounding the plant
I 3471 will mive protection o 23 1o 25 1 uader connditions
of no wind. A special fast rotating spreinkier showd be used
and the apptication shouid be continued until the air tempera-
ture outside the field goes above 32°F. and @/l ice an the
plant has neltad.

The principle of frost and freeze protection using sprinkier
irrigation is that water gives off heal as it Dvezes. As long as
liquid water is applied to the plant at all tmes during Dreesz-
ing conditions and as the ice nielts, biossoms and vouny fruits
will be protected. Be certain of an adequate wider supply and
reliable irrigation cquipment before attempting 1rost control
irrigation. If the application of water stops while ice is on the
bush, more damage is likely to oceur than if sprinkler irriga-
tion had not been used at ali.
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Adequate moisture is extromely important. The bush on the left was irrigated. The
bush on the right in the samo field had died of drought while trying to malure its
fruit,
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o Pluntings can be located on well-drained, mare desirable
satls, rather than dependings on naturaliv wet or poorly
drained soils to carry plants througsh a drought perind. Op-
tnium soil moisture is possible with supplemental irrigation
and surface and/or subsurfuce drainage,

Irrigation Equipment

Bluebervies can be irrigated using cither portable, solid-set or
permanent sprinkler irvigation equipment, seli-propelied  pmn-
traveller systems or with drip irrigation. The portable system has
above pround aluminum lateral lines which are moved one or more
times per day during the irrigation period, The solid-set svstem
uses above ground small diameter auminum lateral hines and
small springlers on the entire acreage to be irriated. The main
and supply lines for both of these types of systems may be either
above ground or underground,

The permanent system consists of underground laterals and
supply lines with enly the sprinklers and risers above Fround,
The self-propelled gun-traveler system s aunit designed o irri-
gate fairly large areas. It consists of a0 single un sprinkler mount-
ol on a four-wheel trailer. Water js suppiied by a flexible rubber
hose. The unit propels itself through the field. Normally an area
from 800 to 1320 feet fong and 200 to 320 feet wide is iripated
with cach traverse through the field.

Drip irrigation is a relatively new type of irrigation. It consists of
fose with external emitters attached to the hose or hose with integral
orifices. A line of hose is laid down each row of blueberries. Applica-
tion rate is very low, on the order of 1.5 to 6.0 galions per day (uzpd)
per foot of pipe. The system is operated for several hours daily or
every other day depending on plant water need at pressures ranging
from 2 to 30 pounds per square inch {psi) pressure,

Clean water is a necessity for drip irrigation and filtration is
major component of the system. The major advantages of drip
irrigation are maintenance of a uniforn moisture supply to the
plant roots, reduced water usage and potentially inereased pro-
duction as compared to other wpes of irrigation,

The initial cost of the portable sprinkler irvigation system will
ve less than the permanent system with the solid-set system being
intermediate between the portuble and permanent. However, the
labor eost will be greatest with the portable system. The cost of the
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self-propelicd gun-traveler system, vhere the aereage to be -
gated is 40 acres or more, will be about the siune to somewhat fess
than for the portable system. Labor requirements will be low,
intermediate between the solid-set and permanent systems. Fow-
ever, operating cost will be higher because of the high operating
pressure required. The initial cost of the drip irvigation system
wili be about the same as that for the portable system. Labor ie-
quirements will be low and operating cost will be lower than for
any of the other types of systems because of the low aperating
pressure. '

The permanent irrigation system should be considered for younyg
plantings of blueberries becuuse of the potential labor savings
during the life of the planting. If there is a need v frost and freeze
protection, this protection ean only ve accomplished with the solid-
set and permanent systems which must be designed to operate
over the entire area at one time,

Aluminum tubing is the only material recommended for above-
ground springkler irrigation lines. Below-ground sprinkler irriga-
tion lines will be either poivvinvl chloride (PVO) plastic pipe or
asbestos-cement (AC) pipe. For drip irrigation, above-ground
lines will normatly be low density, high-carbon polvethvlene (P'E)
tubing. Either PVC, AC, or PE pipe can ve used below groune.

Medium pressure (40 to 60 psi), medium pallonage (5 to 20
gpm), single 5 Jdouble nozzle sprinklers shouid be used {for part.
able, solid-set and permanent systems.

Normally, single-nozzle, low-gallonage sprinkiers wili be ased for
solid-set and permanent systems. These can be used for both irriga-
tion and frost-and-freeze protection. When operating the system for
frost and freeze protection, the pressure at the sprinkler should be 10
to 15 psi higher than for irrigation. The sprinkler used with the self-
propelled gun traveler should nave a capacity of 150 to 500 gpm
operating 2. 80 to 95 psi.

For the fixed sprinkler systems (portable, solid-set and perma-
nent), sprirklers can be placed in the field on a square, rectan,qu-
lar, or trianyulir pattern. Spacing hetween sprinklers and be-
tween lateral cnes will depend somewhat on average wind condi-
tions, with the spacing decreasing ax the average wind speed
increases. However, under no conditions wi o ooiangulio spaeings
should the distane » between laterals and sprinklers exceed 70 per-
cent of the rated sprinkler diameter. For square or rectanpular
spacings, the dist:ace between laterals and sprinklers should not
exceed 60 percent of the rated sprinkler diameter.



The pump t6 be used wil] depend on the water saureo, For sur-
fuce sources of water, such s impounded ponds, excavated ponds
and streams, o straight centrifugal or self-priming centrifural
pump will normally be used. Power may be an air-caoled or wiiter-
cooled grasoline engine, diesel engine, or eleetric motor. For ground
water, where the dynamic water level is more than 15 feet below
the surfice, either a vertical turbine pump or submersible pump
will be used.

Farvesting and Sorting

Harvesting of the commercial highbush blueberries begins in
mid- to late May in southeastern North Carolina and continues
through late June, Peak harvest usually occurs during the first
2 weeks of June.

Rabbiteye blueberries begin ripening in late June and continue
into August.

Hand-Harr(’.'»'ting. A particular highbush variety is generally
harvested three to four times a approximately weekly intervals,
Unless special conditions demand, more frequent harvests are jn-
etficient and less frequent harvests result in overripe berries with
a poor shelf life,

Harvest all fully ripe berries so that berries left do not become
overripe by the next harvest, Pick the fruit carefully so as not to
damage the “bloom” or light blue color of the fruit. Handle the
fruit as little as possible when harvesting to minimi-e bruising
and the spread of organisms that cause fruit decay. Do not drop
the fruits more than 3 to 4 inches into the picking rontainers,

A good picker can harvest up to twenty 12-pant flats perday if
the crop is heavy and the bushes are of optimum size, In event of
4 poor crop or tall bushes, this rate could drop to six to eight Tats
per day. Generally, 10 10 15 pickers per acre are needed during
the peak of the seuson. Pickers are recruited by the grower whep-
ever available. The grower wij] have to decide how many pickers
Lo recruit based on his acreage, size of bushes, and expected vield.
Many growers operate buses to transport pickers to the fiurm.

Mechanical Harvesting. Over the vears, labor has tended to de-
crease in availability, decrease in quality, and increase iy cost,
In an attempt to reduce the costs and probiems assoctated with
hand harvesting, many growers have turned to mechanical har-
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vesters. A single mechanical harvester can replace up to 1060 hand
pickers. The cost per pound of fruit harvested s usually reduced;
however, many new problems have been created by mechanical
harvesting.

Mechanical harvesters detach berries by vibrating the bush.
The vibration principle of harvesting is generally suceessful be-
ciause green verries are attached to the bush more securely than
ripe berres. Careful machine adjustment makes possible the re-
moval of @ high percentage of the ripe fruit, while most of the
green fruits remain on the busk to ripen for a future hiarvest,
However, removal of green fruit is a serious problem carly in the
harvest season and on varieties with tight fruit clusters. The use of
hand labor to remove first-ripened berries on the bush is often a
means of reducing the loss of green fruit during the first machine
harvest,

Machine: harvest overripe, shriveled, soft, diseased, insect and
bird-damaged, green, or other {ruit that a good hand picker would
normally drop on the ground or leave on the bush. Overripe and
damaged fruits, when mixed with high~quality fruits, are difficult
to sort. Hand-harvested fruit has traditionally been picked from
the bush and placed directly into pint cups. No additional direct
handling of the fruit was necessary. Much more handling is re-
quired with mechanical harvesting. Bruising occurs each time a
berry is dropped, squeezed, or rubbed. Keeping quality (shelf life)
of the fruit is reduced in proportion to the severity of the bruise.
In the mechanical harvesting and sorting operation, bruising can
occur at any of the following operational steps:

o Fruit-machine contacts during detachment.

e Impacts with branches and catcher.

¢ Rubbing and bumping on the harvester conveyor.
¢ Drop from harvester to field box.

e Dumping of fruit from field boxes onto the air-blast sorter
conveyor,

Bouncing over the air blast.

Rolling onto the inspection belt.

Contacts with sorter’s hands on inspection belt.

Drop from inspection belt into pint cup.

The following measures will help reduce bruising:

e Harvest during cool periods of the day (morning or even-
ing).
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e Avoid excessive bush impacts and vibration, Adjust ma-
chine vibration to the minimum level required to remove ripe
fruit.

o Minimize distance of drop from harvester to field container.,

e Do not fill field containers to a depth of more than - to 5
inches and do not levei the berries in the coniuners with the
hands.

e Use i soltly suspended trailer or truck to reduce bruising
on the way to the packing house.

e Handle and dump field containers fently,

e Limit fruit depth to 2 inches on the fexd conveyor of the air-
blast cleaner.

¢ Adjust the air volume of the air-blast cleaner to avoid lirt-
ing and dropping ripe fruit more than 1 inch.

e Do not allow individuals operating the inspection belt to -
rub or squeeze the fNuit.

e Minimize the distance of drop {rom the inspection belt to
the shipping container.

Reseiwrch workers are investigrating many methods of redueing
the wmount of bruising and fruit damigre that occurs as the result
of mechunical harvesting and sorting. Catching and handling the
fruit in witer is one method that affords an improvement, The use
of light to measure blue pigments (which increase us fruit ripens)
is a reliable method for detecting overripe fruit. Fungicides and
hot water treatments have reduced the decay of fiuit. I+ 2 method
for removing bruised fruit can be developed, the guality of ma-
chine-harvested fruit for fresh market sales wil} be greatly im-
proved. Although mechanical harvesting and packaging equip-
ment is expensive, every grower should become familing and keep
pace with developments in mechanization. e should use such
developmenis in his enterprise when and where they will make his
operation more efficient,

Sanitation. Remind employees that they are handling a food
product. Demand cleanliness and sanity habits among workers
that come in contact with the fruit. Constant supervision of the
harvesting and packaging operation is required to ensure i whole-
some and high-quality product.

Many opportunities for fruit contamination occur during me-
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chanical harvesting and sorting. Juice from overripe, binised il
Spht frats eaws onto other fruits, the harvester, field containers,
and the sorting aquipment. Decay-causing spores from diseased
berries contaminate the juice. Every healthy berry that comies in
contact with the contaminated juice on berries or equipment sur-
faces will also be infeeted with the decav-causing organism. Any
vquipment or contiiners that comie in contact with the fruit must
be Kept elean. Harvesters should be cleaned at least twice a day
and sorting equipment much more often. A solution of 10 percent
Lwundry bleach (5 to 6 percent sodium hypochlorite) in water will
disinfeet the equipment and containers,

Prevention of infection through praper simitation is an effective
method for controlling fruit decay. Once infection has orccurred,
the fungus grows into the fruit very rapidly and begins breaking
down the fruit tissue. A fungus cannot be reached by chemical
dusts or sprays after it has entered the fruit. Any treatment dras-
tic enough to destroy a fungus within the firuit usually will also
destroy the {ruit.

Rervigeration. Cooling the fruit after h:ovest retains quality and
prolongs shelf life. Cool as quickly as possibie to 407 F.or lower,
but not below 32° I If cooled promptly and kept conl, quality
bluebherries packaged ready for retail sale can be expeeted to hold
up weli at 327 £ for 2 weeks and at 407 F. for 1 week, but only 2
days at 70" I,

Ax is common for most fruit erops, mechanically harvested biue-
berries to date have been aceepted much more readily by proces-
sors than by fresh-marketing outlets. Only by ecarefully observing
the recommendations just mentioned for regulated operation of
mechanical harvesters, handling, sorting, sanitation, and disease
control can consideration be given to sending mechanically har-
vested blueberries to the fresh market.

Diseases, Mites and Insecis

Diseases and insects are problems wherever blueberries are grown.
Injury caused by mites is also important in the southeastern United
States. All commercial growers should follow a rigid spray program
beginning in early spring and continuing until fall.

In North Carolina the most destructive diseases of highbush
blueberry are stem canker, stem blight, stunt, and foliage discase.
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Refer to N.C. Extension Circular 66, Blueberry Discases in North.
Caralina, for deseriptions and control measures of these and other
blueherry diseases.

Generully, rabbiteye varieties are more resistant to diseases and
inseets than highbush varieties. As more plantings of the rabbiteye
type aie made, the need for pest control measures wil; probably in-
crease.

The blueberry bud mite is a major pest in North Carolina. Feeding
by large numbers of this mite results in failure of buds t grow in the
spring, thereby reducing fruit yieid. Inscets causing direct damaye Lo
blueberry fruit are the blucberry mayppot, plum curculio, cranberry
fruitworm, and cherry fruitworm. Insects that attack the buds,
leaves, stems, crowns and roots include caterpillars, beetles, saw{lies,
leafhoppers (that spread stunt), scale insects (that weaken the plant),
stem borers, rootworms and crown girdlers (that may completely kill
the plant), and even termites (that sometimes attack weakened
plants). Refer to Experiment Station Bulletin 427 (Revised) Insect
and Mite Pests of Blueberry in North Caroling. for description and
control measures of these and other blueberry © sects.

The blueberry grower should plan to protect his plants by becoming
famdiar with and learning the control measures against all these
vests.

Each year the Dntomology and Plant Pathology departments, N, 7.
State University, review recent research and demonstrational work
and publish current insect and disease control recommendations.
These spray schedules are available {rom both N. C. State University
and the local agricultural Extension office in each county.

Conclusion

There is usually something challenging about growing a new
crop. Many people have been tempted to grow blueberries who
did not have proper growing conditions available. Blueberry
growing, especially highbush varieties, is highly specialized, de-
manding very exact soil, moisture, and climatic conditions,
Prospective growers should aequire all available information
before attempting to grow blueberries. Consult successful Erowers,
experiment stations, and agricultural extension agents for advice
before planting. After you have decided to plant, use this informa-
tion wisely.
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More Information on Dlucherries
(Seleeted Relerences)

L Blueberry Culture (Textiook). Paul Eck and Norman F. Childers,
Rutgers University, 1966.

2. Blueberry Ihsease and Insect Control. Published annually by P'lant
Pathology and Fntomology Departments, N, ¢, <tate Umiversity,

3. Blucherry Inseases in North Carolina, Agricultural Extension Cir, 466,
R. D. Miltholland, Ronald Jones and CoNL Clayton, 1974,

4. Biueberry Growing, Farmer's Bulletin No. 1951, U. S, Dept. of Agmi-
culture, 1966 (Revised).

H. Blueberry Research, Fifty Years of Progress. Proceedings of a4 Confor-
ence heid at Rutgers Univ,, compiled by J. N. Moore and N. F. Childers,
1960,

6. Insect and Mite Pests of Blueberry in North Carolina, Apricultural Experiment
Station Bulletin 427 revised, H. H. Neunzig and K. A. Sgrensen, 1476.

7. Proceedings of the North American Blueberry Workers Conference. Maine
Agricultural Experimental Station, elited vy WOl Kender and [). A, Abdalla,
1966.

8. Rabbiteye Blueberries, Res. Bul. 100 University of Georma Agricultural
Experimental Station, W, T, Brightwell, 1971,

9. Highbush Blueberry  Mechamzation Symposium Proceedings, North
Carolina State University, Raleijrh, edited by C. M. Mainland and R. P,
Rohrbach, 1972,

10. Proceedings of the Annuaj Open House, Southeastern Blueberry Council,
Published annually by Nerth Carolina Agricultural Extension Service, N. C.
State University.

11. Proceedings of the Third North American Blueberry Research Workers
Conference. Kellogy Center, Miehigun State University, edited by C. M.
Hansq: and D. R. Heldman., 1975,
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Diseases and Arthropod Pests
of Blueberries

Introduction

Blueberries (Vaccintum spp.) are native American plants
valued both for their delicately flavored fruit and for their
ornamental qualities. At least 10 different species are
grown for fruit in various parts of the United States and
several cthers are cultivated as ornamentals. Most of the
blueberry acreage in North Carolina is devoted to fruit
production; highbush blueberrcies (V. australe Small and V.
corymbosum L.) are the principal species, but there is
growing interest in rabbiteye blueberries (V. ashet Reade)
among commercial producers, nurserymen, and home gar-
deners.

Blueberry growers face many challenges in producing
high quality fruit. Diseases and insects are a constant
threat, affecting appeerance and yield of the fruit as well
a8 health and vigor of the plants. Succeasful contral of
these pests is &#n unending task which demande a combina-
tion of goed cultural practices, earefully timed applications
of pesticides, urd a thorough kpowladge of the pest’s
diology and seasunal development.

The information presented in chis publication will help
growers (both private and commereial) identify blueberry
pests, recognize the conditions tha: may damage their crop,
and understand what must b= done to minimize losses.

Blueberry Diseases

Blueberry diseases and their control are a major concern
of commercial growers and home gardeneis alike.
Blueberries are affected by several diseases; however, their
severity and economic importance vary from one blueberry
growing region to another. Only those disenses that are
considered to be of economic importance in commercial
highbush and rabbiteye plants will be diacussed.

Fungus diseases such as stem canker (Botrosphaeria
corticis), and stem blight (B. dothidea) are very prevalent
and destructive in the southeastern United States, but are
of little or no importance in most northern areas. Godronia
canker caused by the fungus Godronia cassandrae is impor-
tant in British Columbia, Michigan, Maine, Massachusetts,
and Nova Scotia, but not in southern blueberry plantings.

Symptoms produced by a pathogen also can vary from
region to regicn. Phomopsis vaccinii causes a stem canker
on highbush blueberry in Michigan and twig blight in
North Carolina. Some fungi may affect one species of
blueberry but not another (e.g. stem blotch occurs only on
rabbiteye blueberry). Logses from blueberry diseases vary
from season to season and with the susceptibility of the
cultivar. Rabbiteye blueberry plants grown in home
plantings of the southeast are generally less affected by
diseases than highbush bluebesry plants; however, com-
mercial plantings of rabbiteye blueberry have been
severely affected by several diseases.
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A list of diseases, their causes, and their relative impor-
tance on highbush and rabbiteye blueberry in North
Carolina is given in Table 1.

Stem Canker

Importance: Botryosphaeria canker is a major factor
limiting the production of blueberries in southeastern
United States. It occurs on cultivated and wild highbush
blueberries and on the wild rabbiteye blueberry in North
Carolina, Georgia, Florida, Alabama, and Mississippi. The
use of infected waod for propagation has contributed to the
increased importance of this diseaze. Disease incidence is
often so great that new plantings are either severely
reduced in productivity or entirely destroyed before they
come into full production.

Causal Agent: Botryosphaeria coriicis. Both
perithecio and pyenidia are produced in stem cankers
(Taylor, 1958). The perithecia average 280 ym high and 200
am wide containing 8-spored, clavate, bitunicate asci with
apically thickened [filamentous pseudoparaphyses; the
spores are hyaline, ellipsoid to fusoid, continuous, 24 to 37
um by 9.6 to 16 um. The pycnidia average 118 um high and
82 um wide. Conidiz are fusiform, elliptical, hyaline, and
average 25 by 9 um.

There ave at least six pathogenic races of B. corticis with
race 1 being the most prevalent in North Carolina in 1969



{Milholland and Galletta 1969). Only race 6 has been
isolated from stem cankers on rabbiteye from a commercial
planting of rabbiteye blueberry (Tifblue cv.) in North
Carolina and Georgia. Race 4 was initially isolated from
wild Vacetntum spp. in North Carolina, and is the most
virulent of the six races. Most cultivars grown in North
Carolina are susceptible to race 4; however, race 4 is not
widespread in North Csrolina commercial blueberry
plantings.

Symptoma and Diceass DNevelopment: Severu! stem
diseases miay be confused with certain stages of stem
canker. Infection of stems in the spring is by ascospores
and conidia that are released during wet weather and dis-
seminated by wind from April through September (Taylor
1958). The young and actively growing shoots are more
susceptible to infection than are the older stems. The infec-
tion process, spore germination, penetration, and establish-
ment of B. corticis in blueberry stems occurs rapidly;
nowever, the development of the disease is a relatively slow
process. The fungus penetrates the stem only through open
stomata. Carker symptoms first appear as smull, red le-
sions on succulent shoots. Stemn lesions slowly enlarge and
becoma swollen within 4 to 6 months after infection (Plate
1A). Cankers enlarge through increased cell numbers. As
the fungus continues to grow and invade the wood, large
cankers with deep fissures and cracks develop on suscepti-
ble cultivars and the stem finally becomes girdled,
wenkened, and eventuslly dies (Plate 1B). Cankers are scat-
tered and restricted in size or absent on the more resistant

cultivars. The susceptibility of the major cultivars grown in
North Carolina to the prevalent races of B. corticis is
presented in Table 2.

Gadroaiz Canker

Importance: Godronias canker has been found on
highbush blueberry in Guebec, British Columbia, Nova
Scotia, Massachusetts, Michigan, New Brunswick and
Maine, but has not been reported to occur on highbush
caltivars in North Carolina or on rabbiteye cultivars in the
southeastern United States. The diseuse generally kills one
or two branches on a bush, but may kill the entire plant.
The diseas: is an important factor in reducing yield and
vigor of blueberries growa in the northern regions
(Weingartner and Klos, 1975).

Causal Agent: Godronia cassandrae (Fusicoccum
putrefaciens). The apothecial stage is found on old prunings
and pruaing stubs. The asci are cylindrical and measure 96
to 118 by 4 to 6 um. Ascospores are filiform, septate, and
measure 51 to 68 by 1.6 to 2.2 um. Pycnidia are subglobose
to pyriform, boownish, sessile or subsessile and embeddeg
initially but erumpent when mature. Conidia are elliptic to
fusiform, hyaline, continuous or pseudoseptate and
measure 8 to 19 by 2 um.

Symptoms and Disease Develepment: Symptoms first
appear in the spring on 1- to 2-year-old stems 2s dark-red,
circular to elliptical lesions. Lesions enlarge and eventually
girdle the stem. Lesions most often develop around a leaf

Table 1. Blueberry diseases: Cormon name, cause, and relative importance o highbush and rabbiteye in N.C.

Relative Importance
in North Carolina

Disease Causal Agent Highbush Rabbiteye
Stem Canker Rotryosphecac ou tia +o ++
Godronia Canker Godronia caszandrae —_ —
Stem Blight Botryosphaeria dothidea +++ ++
Mummy Berry Monilinia vaccimii-corymbasi ++ ++
Twig Blight Phomopsts vaccirni ++ ++
Ripe Rot Glomerella cingulata ++ +
Stunt Mycoplasina +++ +
Root Rot Phytophthora cinnamoms + -
Gloeosporium Leaf Spot Gloeosporium minus ++ +
Septoria Leaf Spot Septoria albcpunctata + +
Double Spot Dothichiza caroliniana + —_
Gioeocercosporu leaf Spot Gloeocercosporu tnconspicua + +
Alternaria Leaf Spot Alternaria tenuiszima + —_
Powdery Mildew Microsphaera alni + +
Stem Blotch Cercospora spp. - ++
Botrytis Blight Botrytis cinerea + +
Root-Knot Meloidogyne carolinesis + —_
Red Ringspot Virus - -
Mosaic Virus + -
Necrotic Ringspot Virus + -
Shoestring Virus + -—

137



Table 2. Relative susceptibility of the major blueberry cultivars grown in North Carolina io stem canker and other

important diseases.

Stem canker races® Twig  Mummy Ripe Stem
Cultivar ] 4 6 Blight Berry Rot Blight Stunt
Murphy R R Rb VS S S S S
Croatan R S R S VS VA VS S
Woleott S S S S R R S S
Harrison R S — Vs S VS VS S
Jersey S R S S S S S S
Bluechip R S - S S S Vs S
Morrow R R S S S R 8 S
Rabbiteye R S S S ‘A S S S

ARaces 1, 4 and 6 of B. cortis are the most prevalent in North Carolina.

bR =resistant; S=susceptible; VS=very susceptible.

scar. The canker may appear in a “bull's eye” pattern
around the locus of infection (Plate 1C). During periods of
warm, dry weather, stems may wilt and die. Numerous
pycnidia develop within the cankers, and spores are
released during rainy periods in the spring and early
summer.

Stem Blight

Importance: The incidence of stein blight in North
Carolina highbush blueberry plantings increased from 9
percent in 1959 to 17 percent in 1975. Wounding of
blueberry stems by mechanical harvesters has contributed
to this increase in stem blight incidence, since infection of
blueberry stems by the ctem blight fungus takes place
primarily through wounds. This disease nas not been re-
ported to occur in the northern blueberry regions.

Causal Agent: Botryosphaeria dothidea. The
perithecia and pycnidia are scattered, subepidermal,
becoming erumpent at maturity (Witcher and Clayton
1962). Ascospores are oblong to fusoid, hyaline, continuous,
and measure 18 to 22 by 8 to 11 um. Conidia are hyaline,
continuous, ovate to broadly ellipsoid, 16 to 22 by 6 to 7 um.

Symptoms and Disease Devalopment: Infection of
blueberry stems by B. dothidea results from both wounded
and unwounded inoculations (Milholland, 1972). Mode of
penetration and stage of plant development influences both
the type and extent of disease development. Penetration of
stems by the fungus through open stomata results in small
raised lesions that fail to develop further. Infection of suc-
culent stems through wounds results in a rapid breakdown
of all tissues. Infection in older plants usually results in the
loss of one or more branches and not the entire plant.

In an carly stage of infection, characteristic symptoms
are yellowing, reddening, or drying of leaves on one g more
shoots. The most conspicuous symptom of stem blight is a
dead branch among iiving branches (Plate 1D). When af-
{ected branches are cut, they show a brown discoloration of
the woody tissues {Plate 1E). This dizcolored stem tissue
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may extend from a few inches to the entire length of the
stem. The highest mortality rate occurs with younger
plants when infection develops at or near the crown (Plate
1F). Infections near the tip of twigs may be confused with
winter injury and certain twig blight diseases. This is par-
ticularly true on rabbiteye cultivars.

Mummy Berry

Importance: Mummy berry is of major importanre in
the northern and southern highbush blueberry regions,
where it causes considerable domage to the fruit (Batra,
1983; Milholland, 1974; Ramsdell et al, 1976). In addition,
severe blighting of the leaves, shoots and flower buds of
rabbiteye cultivars Delite, Southland, and Tifblue have oc-
curred in North Carolina plantings.

Causal Agent: Monilinia vaccinii-corymbosi. The
overwintering structure is a sclerotium that is composed of
an outer rind of melanized thick-walled cells cemented
together by a thick gelatinous deposit and a medulla of
loosely arranged hyphae embedded in a dense matrix
(Milholland, 1976). Several apothecia may be produced
from a single sclerotium. Ascosperes are oval to elliptical in
shape, binucleate, and measure 12tc 15 by 5 to 7 um. Large
macroconidia measuring 15 to 25 by 12 to 20 um are
produced in chains on short, club-shaped conidiophores.
Conidis may be connected by smali disjunctors (2-3 um
long) that help to separate the mature conidia.

Symptoms and Digsease Development: In early spring,
small cup-shaped spore-bearing structures called apothecia
are produced from sclerotia (Plate 1G). In southeastern
North Carolina, overwintered sclerotia break dormancy
around the first week in February and develop mature
aputhecia about one month later (Milholland, 1974). Spores
{ascospores) produced by the apothecia are liberated during
cool, wet weather and are carried by air currents to the
young emerging leaves. Sccondary spores (conidia) are
produced in greati abundance on the blighted leaves and are



carried by wind or insects to open flowers where the
ovaries become infected (Plate 1H). Prior to harvest, in-
fected berries become light cream-color rather than normal
blue (Plate 11) and drop to the ground and form overwinter-
ing sclerotia (Fig. 1),

Figure 1. Healthy fruit (left) and sverwinter-
ing sclerotia (right).

Twig Blight

Impertance: The prevalence and severity of Phomopsis
twig blight has increased tremendously over the past 10
vears and is now considered a disease of major importance
in North Carolina (Milholland, 1972; Wilcox, 1939). Twig
blight can be found in almost every blueberry planting in
North Carolina with disease incidence in individual
plantings ranging from 1 to 50 percent. Fruit losa from twig
blight infections can amount to 3 pints of berries per plant
when plants are not sprayed with an effective fungicide.

Causal Agent: Phomopais vaccirii. Pycnidia are dark,
ostiolate, iramersed, erumpent, nearly globose with two
types of conidia. Alpha conidia are hyaline, 1-cclled, ovate
to fusoid measuring 7 to 9 x 3 to 5 um. Beta conidia are
hyaline, 1-celled, filiform, curved or bent measuring 12 to
18 by 0.8 um. The ascoinycetous stage of P. vaccinsi is
Diaporthe vaccinii (Wilcox, 1940).

Symptoms and Diszase Development: The fungus
overwinters in twigs infected the previous year and conidia
are disseminated from late February to early August in
North Carolina (Milholland 1982). The greatest number of
conidia are released from overwintered twig blight lesions
during the early part of the growing season from blossom
budbreak through bloom. Conidia from current season in-
fection are disseminated from the end of May through July
in North Carolina. Bineberry twig blight develops from in-
fections of flower buds at bud break through bicom. The
open flower buds not only act as a trap for rain-dispersed
conidia but also provide the fungus with an entrance into
the vascular tissue of the stem. Penetration of unwounded
succulent stems results in small, raised lesions that fail to
develop further. Twig blight lesions range from 50 to 150
mm in length with an average of six buds killed per twig
(Plate 2A). The entire stem is not killed.
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In southern Michigan and northern Indiana, the fungus
causes a serious canker disease of highbush blueberry
(Parker and Ramsdell 1977, Weingartner and Klos 1975).
Cankers are long and narrow and often covered with bark
or epidermis. Leaves often turn vellow-red before they wilt,
and wilted etems exhibit a brown discoloration in the
xylem tigsue. Most cankers develop in the upper portion of
the plant. The entire plant may be killed.

Phomopsis vaccinii also causes a fruit rot of blueberry at
harvest in North Carolina (Milholland and Daykin 1983).
The fungus apparently penetrates the fruit at all stages of
development and remains latent until fruit maturation. In-
fected fruit are tvpically soft and often split resulting in-
leakage of juice. The infected fleshy tissue is reddish brown
and watery.

Ripe Ret (Anthrecaose Fruit Rot)

Inipertanse: The commion name for this disease, “Ripe
Rot”, is used instead of anthracnose {ruit rot because it is
more degeriptive of the disease and its development on
blueberry fruit. This disease can be a serious problem in
the northern and southern blueberry growing regions (Var-
rey and Stretch 1866). Its importance varies with the
cultivar and the season. [n North Carolina, ripe rot of
blueberry has increased in prevalence and severity and is
now considered a major disease. The introduction of
susceptible new cultivars and the lack of effective control
measures are the primary reasons for this increase in nc-
currence of what was once a disease of minor importance.

Causal Agen:: Glomerella cingulata (Colletotrichum
Flozosporicider ', The conidia are hyaline, oblong or cylin-
drical, some slightly curved and measure 10 to 28 by 4 to 7
um. A mass of sticky salmon-colored conidia are exudeA
from the acervuli. Perithecia are subspherical, asci sub-
clavate, 55 x 70 um; ascospores 12 to 22 by 3 to 5 um.

Symptoms and Discace Development: The fungus sur-
vives the winter in blighted twigs. Conidia are released
from blighted twigs throughout the growing season during
rainy periods to initiate latent infections on immature
green fruit (Hartung et al, 1981). These fruit remain
symptomless until maturity. At harvest or soon after, the
infected fruit rapidly decay and exude large masses of
spores capable of starting new infections (Plate 2B). The
fungus is primarily a fruit rotter, hut leaf infections can ac-
cur. Leaf infections vary from small brown circular to
irregular-shaped lesions to large, black, poorly defined
necrotic lesions (Fig. 2). Losses in North Caroling from
preharvest rots caused by C. glocosporioides are estimated
at 3-5 percent while losses from postharvest decays are
probably much higher.

Stunt

Importance: Stunt is a serious and widespread disease
of blueberry (Demaree 1946; Varney 1977). The disease has
been found in most blueberry plantings in southeastern
North Carolina and has been reported to occur in New Jer-



Figure 2. Leaf symptoms caused by
Colletotrichum gloeosporioides.

Figute 3. Blueberry plant severely affa

stunt. Shortening of internodes gives branches a
bushy appearance.

sey, Michigan, Massachusetts and New York. All of the ma-
jor cultivars grown in North Carolina are susceptible:
however, some are more severely affected than cthers.

Causa; Agent: Mycoplasma. The morphology of this
microorgnism is gimilar to those observed in yellows-
infected plants (Chen 1971). The mycoplasmalike bodies are
located in the sieve tube elements of the vascular tissue,
and their shape ranges from spherical to oval to irregular.
Their size ranges from 1€0 to 700 nim.

Symptums and Disease Development: The stunt
organism overwinters in the vascular tissue of infected
stems and roots. When leaf symptoms become apparent in
early spring, the myvcoplasmalike bodies increase in num-
ber in the sieve tubes of the leaves with yellowing along the
margins and between lateral veins and reduced plant vigor
(Plate 2 C). Shortened internodes give the young branches a
bushy appearance (Fig. 3). In late summer or early fall, the
chlorotic areas in leaves redden brillantly. Fruiton infected
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plants never develop normal sugar content and ripen late or
not at all. The causal agent is transmitted in the field by
the sharpnosed leafhopper (Scaphytopius magdalensis) and
by cuttings taken from scunt-infected plants.

Phytophthora Root Rot

Importance: Most highbush cultivars are susceptible to
root rot; however, the disease is normally of minor impor-
tance unless plants are grown in wet goils brought about by
poor drainage (Milholland and Galletta 1967). Rabbiteye
cultivars are mncre tolerant to Phytophthora root rot.

Causal Agent: Phytophthora cinmarnomi. Sporangia
are nonpapillate, messuring 19 to 60 by 14 to 62 um (avg. 43
x 35 um;. Chiamydousperes are thick-walled, globose to
pyriform, and measure 31 to 50 um in diameter; cospores
range from 31 to 42 um in diameter; biflagellate zoospores
measure 10 to 11 um in diameter. Zoospore germination,
appressoria formation and penetration of root tissue is
vsually completed within 4 hours at 25 C. Appressoria
measure 7 to 8 um in diameter and develop immediately af-
ter germination or after extensive growth by the germ
tube. Hyphae grow intracellularly within the root and
measere 2 to 3 um in diameter.

Syiaptom und Disease Development: The infection
process, zoospore germination, penetration and estaclish-
ment of the fungus in blueberry roots, occurs rapidly
(Milhclland 1975). In highly susceptible highbuun blueberry
rootlets, the fungus penetrates the epidermis and invades
the vascular tissue within 24 houru. Infection of highbush
bluekerry roots by large masses of hyphae resulte in the
collepaing of epiderms! cells followed by disorganization of
the cortex.

Early symptoms include vellowing of leaves with some
burning of the margins, killing of roots and lack of new
growth, As the disease prugresses, terminal leaves become
small, and excessive defoliation oceurs because of severely
damaged roots (Fig. 4). 'The fungus is soilborne and root in-
fection is favored by abundant soil moisture.

Figure 4. Phytophthora root rot. Healthy
(left), and infected (right).



PLATE 1

Stem canker lesions caused by Botryosphaeria corticis 6
menths after infection.

Stam canker development on susceptible cultivar 3-4 years
after infection.

Godronia capizer cauned by Godronia cassandrae. (Photo
by D. P. Weingartner.)

Blueberry stem blight caused by Botryosphaeria dothidea.
The meost conspicuous symptom of stem blight cn older
bushes is a G. ad branch among living branches.

Blueberry stem blight. Discolared area in blighted stem
marking the extent of infection.

Stem blight symptoms on voung bugh with characteristic
yellowing and reddening of lenves. Legves usually remain
attached.

Maeature apothecia produced from overwintered sclerotium
of Monilinia veecinii-corymbost.

Blighted lenves resulting frum ascospore infection by
Monilinia vaccinii-corymbogi. Nete white mans of second-
ary spores (conidia).

Mummy berry disease showing infected berry (light cream
color) and healthy berry (blue).
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Glosusporium Leaf Spot

Importance: Leafl spot diseases can cause considerable
damage each year in North Carolina. Most commercial
blueberry plantings in eastern North Carolina are affected
with Gloeosporium leaf spot which can cause severe
defoliation and reduction in yield (Milholland 1970).

Causal Agent: Gloecsporium minus. The acervuli are
subepidermal, extruding a mass of hyaline, oblong, ellip-
tical conidia measurinrg 6 to 9 by 3 to 4 um. The con-
idiophores are simple and are borne on the surface of the
area exposed hy rupture of the epidermis, and along the
vertical sides of the acervuli.

Symptoms and Diseases Development: Gleeosporiuin
leaf spot was first described as a stem and leaf fleck disease
of blueberry (Taylor and Clayton £959). Symptoms first ap-
pear as small reddish flecks on young leaves and stems of
succulent shoots. Leaf flecks do not develop further, and
cause enlarging leaves to become puckered and malformed.
Large brown lesions are the characteristic symptoms in the
field (Plate 2 D). Development of the large anthracnose le-
sions results primarily from infectior. through hydathodes
at the margins of the leaf, and to a lesser extent through
wounds. Numerous acervuli develop on both sides of the le-
sion.

Stem lesions develop from leaf infections by growing
through the petiole into the stem, and from bud infections
iate in the season. Stem lesions first appear on current
season’s growth as dark red circular to elliptical lesions
around leaf scars (Plate 2E). As the lesions enlarge, the af-
fected stems turn brown and eventually become gray and
die. On highly susceptible cultivars such as Jersey, the dis-
ease results in severe dieback, measuring up to 20 inches
‘Milholland 1974). Numerous acervuli are produced over
the entire lesion.

Septoria Leaf Spot

Importance: Septoria leaf spot is prevalent on most of
the cultivated highbush and rabbiteye blueberry cultivars
grown in North Carolina (Demaree and Wilcox 1347)
Damage is most serious in rooting beds, causing severe
defoliation and poor growth.

Causal Agent: Septoria albopunctata. The fruiting
body is a well developed pycnidium on the upper leaf sur-
face. The pycnidia are ovoid and average 118 by 20 um. The
pycnospores are hyaline, straight or curved, 5 to 11 septate,
filiform, obclavate to spindle-shaped, and measure 42 to 96
by 3 to 5 um.

Symptoms and Disease Development: The fungus
overwinters in infected leaves on the ground and in stem le-
sions Spores are produced in abundance on new lesions
throughout the seasun with heaviest infection occurring
between June and September. Spots on leaves are usually
small with a white to tan center and a purple border (Plate
2F). Stem lesions are flat or slightly sunken with a2 tan to
gray center and a reddish brown margin. Stem lesions and
leaf spots are most severe on small plants or on the lower
parts of large plants.
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Double Spot (Dothichiza curoliniana)

This leaf spot is initially 1 to 4 mm in diameter and light
to dark brown in coler (Demaree and Wilcox 1947; Taylor
and Clayton 1959). In late summer, the fungus develops a
secondary necrotic area around the original lesion
apreading in an irregular to fanshaped pattern. The dark
border surrounding the original lesion persists and the
jarge necrotic area surrounds or i3 to one side of the
original lesion (Fig. 5). The number of pycnidia varies frora
one o five per lesion. Pycnidia occur primarily on the up-
per leaf surface and within the confines of the original le-
gion.

Pycnidia are subepidermal, erumpent, black, conical to
.rregular, nonostiolate, and measure 80 to 130 by 48 to 95
um. The conidia are hyaline, obtuse, and 7.0 by 2.2 um.

Leaf symptoms caused by

Figure 5.
Dothichiza caroliniana (Double spot).

Gloeocercospora Leaf Spot (Gloeocercospora
inconspicua)

The disease appears on the foliage by mid-summer as
large dark brown, circular to angular lesions surrounded by
a dark border (Demaree and Wilcox, 1947) (Plate 2G).
Spores usually form on the lower leaf surface. The
aporodochia are slightly embedded in the epidermis and
measure from 40 to 90 um wide and 36 to 60 um high. Con-
idia are hyaline, usually curved, septate, and about 35 zm
long and 3 um wide.

Alternaria Leaf Spot (Alternaria tenutasima)

Alternaria leaf spot occurs pritnarily in the spring dur-
ing prolonged periods of cool wet weather, when spores are
produced in abundsnce (Milholland 1973). In most cases
only lower leaves ure affected; however, instances do occur
when severe infection completely defoliates the plant.
Because of its importance as a postharvest fruit decay
organism, an increase of the fungus on blueberry leaves in
May can result in considerable damage to fruit after har-
vest (Fig. 6). Leaf symptoms appear as circular to
irregular-shaped brown to gray lesions surrounded by a red
border. Prolonged periods of high humidity favor disease
development.



Figure 6.
Alternaria spp.

Post harvest fruit decay caused by

Powdery Mildew (Microsphaera alni)

Mildew usually does not develop on blueberry leaves un-
til midsumme: after the crop is harvested. The disease may
appear as a white fungus growth on the upper leaf surface
of some cultivars, or it may be indistinct and confined to
the lower leaf surface (Varney and Stretch 1966). Chlorotic
spots with reddish borders are common on the leaf surface
and may be mistaken for symptoms caused by the red
ringspot virus,

Stem Blotch (Cercospora sp.)

Symptoms of stem blotch appear as light to dark red dis-
colorations on previous season’s growth (Milholland 1977).
Lesions do not conform to any particular shape or size but
occur as a blotching of the stem (Plate 2H). Only rabbiteye
cultivars are affected by this disease. Conidia are hyaline,
obclavate-cylindrical, straight to slightly curved, with
obconic-truncate base and subacute tip; septations are in-
distinct in many spores. Conidia with 3 to 8 septa measure
35 to 9C by 1.5 to 3.0 um.

Botrytis Blight (Botrytis cinerea)

This disease is of minor importance in North Carolina
but can be a serious problem in the Pacific Northwest (Var-
ney and Stretch 1966). Under conditions of high humidity
and cool temperatures, the fungus can infect blossoms,
twigs, and fruit causing serious damage. The fungus is
capable of living as a saprophyte, producing tremendous
numbers of spores that are carried by wind to susceptible
blueberry tissue. Symptoms of winter injury can be easily
mistaken for blossom or twig blight. Blighted blossoms and
twigs turn brown and an abundance of mycelium and
spores are produced on the dead tissue. Preharvest rot
caused by Botrytis cinereq is of little or no importance in
North Carolina, however, posthurvest decay by this fungus
can be of major importance.
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Root-Knot Nematode (Meloidogyne carolinesis)

The blueherry root knot nematode has heen found in
several cultivated hightush blueberry plantings in North
Carolina. The nematode causes small galls on the roots ot
several blueberry cultivars resulting in stunting of plants.
The blueberry root knot nematode is not the same species
that commonly occurs on many other crop plants (Eisen-
back, 1983). The nematode was found in 24 of 63 North
_arolina commercial blueberry plantings sampled in 1957
and is probably indigenous to that state.

Red Ringepot (Virus)

This diseuse is of minor importance in North Carolina,
but it is a problem in New Jersey and has spread to other
areas on diseased plants (Varney and Stretch 1966, Varney
1977). Symptoms of red ringspot are distinct red spots and
rings, and oak-lea! patterns that first develop on older
leaves (Plate 21). Symptoms occur only on the upper leaf
surface, and ey or may net develop on the stem. Dif-
ferences in cultivar susceptibility range from apparent im-
munity (Jersey) to very susceptible (Darrow and
Burlington). Berries produced on infected cultivars are
small, often deformed, and ripen late. On some cultivars
(Darrow), the berries may develop bloiches and rings
before stem and leaf symptoms appear.

Mosaic (Virus)

Mosaic occurs in many rommercial blueberry plantings
(Varney and Stretch 1966, Varney 1977). Afiected leaves
are mottled with yellow and yellow-green areas. The degree
of mottling will vary with cuitivar and leaf position on the
plant. Lower leaves may be mottled while the upper leaves
show no sympioms.

Necrotic Ringspot (Virus)

Symptoms caused by this virus are stunting, twig
dieback, and chlorotic spots and rings on new leaves (Var-
ney and Stretch 1966, Varney 1977). Severe leafl infections
may result in reduced leaf size and distortion.

Shoeatring (Virus)

Leaves, twigs, flowers and fruit are affected by this virus
disease (Varney and Stretch 1966, Varney 1977). Affected
leaves are narrow, wavy and often distorted, and are
usually found at the base of the bush. Red streaks or
blotches may be present on affectec twigs. Flowers on af-
fected twigs may be deformed, and immature fruit develop
a red to purple cast on part or all of the upper half of the
berry. Shoestring is a serious virus disease of blueberry in
Michigan.
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PLATE 2
Phomopsis twig blight caused by Phomopsis vaccinii.

Ripe rot (anthracnose fruit rot) caused by Colletotrichum
gloeosporioides. Note orange-colored spores on infected
fruit.

Blusberry stunt. Characteristiz symptoms are small leaves
with yellowing along the meargins and between lateral
veins, and shertening of internodes.

Glocesporiun: leaf spot caused by Gloeoesporium minus.

‘ Lo
Gloeosporium canker and diebac!: caused by Gloeosporium
mirug.,

Septoria leaf spot caused by Septeria albopunctata.
Glecocercespora leaf spot caused by G. inconupicua.

Stem Blotch disease of rabbiteye biueberry caused by
Cercospora spp.

Red ringspet discase. Symptoms develop only on upper leaf
surface.
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Biueberry Arthropods

Over 300 species of arthropods (insects and mites) have
been reported feeding on blueberries (Phipps 1930). For-
tunately. mos® of these species are never abuadant enough
10 be considered pests, and of the 20 to 25 which oec-
casiorally inflict economic loss only 5 or 6 are chronic
problems which require some type of control every vear.
The following sections describe the appearance, life
history, type of injury, methods of detection, and recom-
:1ended control for the arthroped pests which are most
likely to damage blueberries in North Carolina. Although
most of these are niinor pests, it is important to recognize
their presence and to understand what conditions may
precipitate an outbreak. The pests are grouped according to
the partis) of the blueberry plant attacked. As a rule, the
most damaging pests are those which attack the buds,
destroy the fruit, or transmit disease from one plant to
another.

Buds

Blueberry Bud Miie

The blueberry bud mite [Acalitus vaccinit (Keifer)] oc-
curs in blueberries and huckleberries (both wild and
cultivated) growing throughout much of eastern North
America from the maritime provinces of Canada to
southern Florida and Texas (Jeppson et al. 1975, Keifer ot
al. 1982). These mites are rarely a problem in the northern
half of their range where cold winters limit populaticn
growth, but severe infestations become increasingly com-
mon from Massachusetts southward—particularly in
gastal areas where winters are mild (Marucei 1966).

The bud mite is a translucent white arthropod with a
soft, spindle-shaped body ard two pairs of short legs near
the anterior end (most other mites have four pairs of legs).
At raturity, the adults are only about 0.2 mm in length
(17125 inch), and are not visible without aid of magnifica-
tion (Fig. 7). The short legs and sac-like body allow these
mites only feeble powers of locomotion (Keifer 1941).

Blueberry bud mite (greatly

Figure 7.
enlarged).
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Most of the mites spend their entire life within the buds
of blueberry plznts. Eggs are laid throughoui the year on
the inner sur{aces of bud scales, and all developmentai
stages may be present in the buds simuitaneously. Under
optimal conditions, the young are able to complete their life
cycle in 15 days {Buaker and Neunzig 1970). As the buds
open in the spring, mites are exposed to desiecation and
gradually leave their overwintering sites. They migrate
along the stem to the base of new shoots where they feed
until new buds begzin to form. Eventually, the mites raove
into these buds and resume reproduction. As the colony in-
creases in size the mites move farther into the center of the
bud. By the heginning of September some mites can
usually be found deep within infested buds (Jeppson et al.
1975). Feeding, egg laying and an increase in the mite pop-
ulation occurs throughout the fall and winter, with max-
imum populations usually reached by December or
January. Population growth seema to be greatest during
cool weather, and consequently, bud injury tends to be
most severe following a mild winter (Baker and Neunzig
1970).

The blueberry bud mite feeds on the bud scales and on
the leaf and floral parts within the blueberry bud. Injured
tissues develop a red, blistered appearance within 2 weeks
(Plate 3A), 2nd continued feeding kills the fruit primordia,
eventually resulting in complete death of the bud. Develop-
ing fruit is also subject to feeding injury; the affected
berries appear roughened or misshapen and are frequently
covered with small reddish blisters (Plate 3B). Persistent
feeding by a large number of mites can result in extensive
logs of fruiting potential, and irreversible damage may oc-
cur by the middle of August (Keifer 1941, Baker and Neun-
zig 1970).

No blueberry cultivars are completely immune to the
blueberry bud mite, but infestations are usually more com-
mon in varieties which ripen early in the season and begin
to set new fruit buds by the end of June. In North Carolina,
Walcott and Murphy plantings seem to be most susceptible
to mites, while Croatan, Jersey, and Elizabeth are least
susceptible.

From February through April the presence of bud mites
is relatively easy to detect by looking for the distinctive red
blisters on bud scales, flowers, cr fruit. From August
through March, the infestations can be found by examining
the scales of dissected buds under at lezst 40x magnifica-
tion (Keifer 1941).

Seiectively pruning out old canes will help to reduce bud
mite populations in established plantings. Non-susceptible
varicties often need no additional mite control, but when
infestations are severe (or invade susceptible cultivars) two
applications of an approved miticide ( one in July and one
in August) should give adequate control. It is important
that these spravs be applied before mites penetrate too
deeply into the buds and destroy the tissues that produce
next year's fruit.



Buds and Flowers

Cutworms and Messuringworms

Early in the growing season, cutworms (Rhynchagrotis
sp.) and measuringworms (Eupithecia sp.) are occasionally
found in blueberry plantings. These insects apparently are
not restricted to blueberry, but occur on a wide variety of
plants (Forbes 1948).

Adults of both the measuringworm and cutworm are
medium-sized, grayish-brown moths with a wing spread of
about 32mm (1.25 inches). Apparently both species
overwinter as adults and lay their eggs in blueberry fields
very early in the spring. Since moths fly only at night, they
are seldom seen by growers (Dyar 1901, Cook 1920).

The full-grown measuringworm is about 25 mm long (1
inch) with a brownish-gray body and a light-colored head
speckled with dari spots. Two distinctive, light-colored, V-
shaped stripes occur about midway on the upper surface of
the body. Like other members of this family, the immature
measuringworm has only two pairs of fleshy legs near the
end ¢f the abdomen.

The fully developed cutworm caterpillar is about 32 mm
in length (1.25 inches) with & light brown body and a dark
brown head. The upper surface of the body is marked by a
series of dark brown triangles on each segment. The ab-
domen possesses five pairs of fleshy legs (Plate 3G).

These caterpillars are found in North Carolina blueberry
plantings during February, March, and early April.
Measuringworms are found on the plants only at night;
days are spent under debris or in soil near the crown of the
plant. The larval stage lasts about two months, and pupa-
tion usually occurs in the soil during April.

Both kinds of caterpillars chew large irregular holes in
blueberry buds. Most of these buds turn brown and die. Ex-
panded buds and flowers are also attacked, with large por-
tions of the petals and other floral parts usually consumed
by the caterpillars.

These insects are selGom numerous enough to warrant
control measures. With heavy infestations, a single ap-
plication of a contact insecticide should be made just before
bloom. To avoid killing pollinating insects, do not apply in-
secticides during bloom.

Buds, Flowers, and Foliage

Cranberry Weevil

The cranberry weevil (Anthonomus musculus Say)
ranges from Ontario and New England south to Florida
and west to the Rocky Mountains. It is commonly found on
chokeberry or huckleberry in the wild, and can become a
serious pest of commercial blueberries and cranberries in
the northeast (Lacroix 1926). The cranberry weavil occurs
in North Carolina, but seldom in populations large enough
to cause economin loss.
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The adult weevil is a dark reddish-brown beetle about 3
mm (‘s inch) long. The front part of the weevil's head is
elongated into a slender, curved snout (proboscis) which is
about one third to one half as long as the rest of the body.
The larva is smooth, slender and legless. It has a yellowish-
while body and brown head (Lacroix 1926).

Adults overwinter under trash in wooded areas adjacent
‘0 blueberry plantings. When the blueberry buds begin to
swell in late February or carly March, adults leave their
winter quarters and congregate on blueberries. Egys are
laid in unopened flowers as soon as the individual blossoms
stand out separately in the cluster. Larvae hatch from the
eggs in 3 to 8 days and eat the floral parts. The infested
blossons soon fall to the ground; larvae complete their
development and pupate within these detached blossoms
(Doehlert and Tomlinson 1951). New adults begin to
emerge toward the end of May, and are usually present in
the fields during summer and fall. There is only one
generation per year in the blueberries, but a few in-
dividuals may produce a second generation on late-fruiting
species of blueberry or huckleberry in the woads (Marucci
1566).

Weevils begin damaging biueberry plants in early spring
after adults emerge from hibernatior, and start feeding and
laying eggs. They puncture both leaf and flower buds with
their mouthparts (Fig. 8): heavily damaged flower buds fail
to open, and injured leaf buds produce an abnormal cluster
of dwarfed foliage. Larvae feeding within the buds cause
the infested blossoms to turn purple, remain unopened,
wither, and fall from the plant (Marucci 1966). Later in the
growing season, the feeding of adult weevils causes
numerous small, irregular holes in the leaves, usually
within a brownish dead area on both sides of the midrib
(Franklin 1948). Frequently this injury occurs within
leaves tied or rolled by other insects which have ahandoned
the structure.

I e e ey ey

Figure 8. Ter-

" minal bud of blue-

berry shoot with

typical feeding punc-

. ture of th¢ adult
cranberry weevil.
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PLATE3

Partially expanded bud shows typical symptoms of injury
(reddish blisters) caused by blueberry bud mites.

Fruit injury due to fecding by blueberry bud mites.

Evidence of infestation by the cranberry fruitworm. The
brown frass is excrement produced by a larva inside the
fruit.

Wings of various flies which mny be found on sticky traps.
The blueberry maggot’s wing is in the center (second from
the top). The other flics are not pests of blueberries.

Adult blueberry maggot fly on a yellow sticky trap. There
is a characteristic white bar on the side of the fly's thorax
between the wing and the head.

A green blueberry cut open to show a larva of the cherry
fruitworm.

A cutworm caterpillar feeding on blueberry flower buds.
The adult stage of the plum curculio.

Crescent-shaped scars on blueberry fruit where a plum
curculio has lcid an egg,
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Adult cranberry weevils may be cullected from blueberry
plants with a sweep net or by shaking the foliage onto a
white ground cloth. North Carolina populations are usually
very small (even in abandoned blueberry fields), and
natural control factors appear to keep this insect well
below damaging levels. If supplementary chemical control
is necessery, a short-residual contact insecticide should be
applied about a week before buds begin to open.

Fruit

Blueberry Maggot

The blueberry maggot (Rhagoletis mendax Curran)is the
most serious pest of commercial blueberry production in
the northeastern and northcentral United States (Marucci,
1966). This fly occurs commonly in Canada as a pest of low-
bush blueberries, and hes extended its range southward
since the early 1960's to encompass most of the middle
Atlantic states. In North Carolina this species may be
found developing in wild or cultivated biueberries and
huckleberries, but the infestations tend to be localized and
sporadic.

Blueberry maggots overwinter as pupae buried 2.5 to 15
cm deep (1 to 6 in.) in the seil (Lathrop and Nickels 1932).
Warm temperatures in the spring trigger pupal develop-
ment (Tomlinson 1951), and in southeastern North
Carolina, adult flies usually begin to emerge during the last
week of May or the first week of June. Maximum nunibers
typically oceur during mid-June, but flies may continue te
be present well into August.

An adult blueberry magyot is about 4 mm long (3/16 in.),
and has a characteristic pattern of black bands running
diagonally across each wing (Plate 3D,E). The body is

Figure 9. Adult stage of the blueberry maggot.
The white scutellum, white bars on the thorax,
and black banding of the wings are useful charac-
ters for identification.
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black, but it is marked with a distinctive white bar on each
side of the thorax (anteriorly from the wing), a white spot
on the scutellum {posterior tip of the tnorax), and a white
stripe along the distal edge of ench abdominal segment
(Fig. 9.

After a pre-oviposition period of about one week, a
female fly will actively seek out large berries which are
beginning to ripen. She deposits an egg just under the skin
of the fruit, and in aboui 5 days, a small larva hatches and
begins to feed just under the skin. As the larva grows
larger, it tunnels throughout the berry causing the pulp to
become soft and watery. A fully grown larva measnres
about 1 cm in length (‘4 in.). It is almost entirely white in
color, and has a tapered, legless body with an indistinct
head at the narrcw end. There are no eyes or antennae (Fig.
10A). About 18 days after hatching, the mature iarva
leaves its berry and burrows into the soil to pupate. There
is only one geueration each year, but a few pupae may
remain in the g0ii for 2 to 3 years (Lathrop and Nickels
1932).

During the early stages of the magyot's development it is
nearly impossible to separate infested from non-infested
fruit. If wormy berries are harvested and packaged
together with sound berries, the larvae will continue to
mature within the fruit and may emerge for pupation at

Figure 10. Larval stages of three blueberry
pests which may be found in the fruit at harvest.
A) blueberry maggot B) nlum curculio C) cran-
berry fruitworm.

the point of sale (Lathrop and McAlister 1931). Entire ship-
ments of berries have been condemned by federal inspec-
tors or processors when the number of larvae exceeded
USDA standards for fresh fruit.

Infestations of blueberry maggot can be detected before
they reach damaging levels by wrapping the adult flies on
yellow sticky boards (Plaie 3E) baited with ammonium



acetate or protein hydrolysates (Howitt and Connor 1965).
A treatment threshold of three adults per trap per week
Kives adequate lead time for chemical control if the traps
are in place before the first flies emerge in late May.

In southeastern North Carolina, the highbush blueberry
harvest usually begins in mid-May. Since early-bearing
varieties constitute a major proportion of the acreage,
much of the fruit has aiready been harvested by the time
adult maggots begin to lay eggs. Infestations, therefore,
tend to develop in iate season varieties (such as Blueray,
Jersey, and the rabbiteve cultivars). The highest popula-
tions of biueberry maggots are generally associated with
fields where soil moisture remains high enough throughout
the summer (due to irrigation, high organic matter, or tall
bushes that shade ti e ground) to prevent desiceation of the
pupae. Pest populations also tend tc increass following
vears when wet Jeld conditions del:y harvest and a cold
winter breaks pupal diapause.

When control is necessary, @ short-residual pesticide
should be used during harvest. Apply this spray from the
ground whenever possible to get maximum coverage on the
lower half of the bushes. Use a ULV spray by air only when
weather, labor, or harvest conditions make ground sprays
impractical. Spot infestations can be eradicated over
several years if they are spraved every 7 to i0 days until no
fruit at all remains on the bushes.

Plum Curculio

The plum curculio [Conotrachelus nenuphar (Herbst)] is
2 native American insect which ranges from Florida to
southern Canada and west to Montana and Colorado.
Although plum and peach appear to be its preferred hosts,
adults will feed and reproduce on many other fruits in-
cluding apple, cherry, blueberry, huckleberry, grape and
persiminon (Snapp 1930, Bobb 1952).

The aduit stage (Plate 3H) is a hard-shelled snout beetle
tweevil) about 4 mm long (3716 inch). It ig usually dark
brown in color with a pair of motticd gray patches near the
back of the wing covers. The top surface of each wing cover
has three distinet bumps which are most ohvious when the
insect is viewed from the side. Larvace are white legless
jzrubs with a distinet brown ur tan head capsule (Fig. 10B).
Fully grown larvae reach a length of about 12 mm (% inch)
(Snapp 1930, 1940).

Adults overwinter under debris usually in wooded areas
adjacent to blueberry fields. In southeastern North
Carolina, they emerge from hibernation during late March
or early April when the average daily temperature ig near
10 to 15°C (50 to 60°F) for 3 or 4 consecutive days and the
high temperatures are 24°C (75°F) for 2 or more con-
secutive days (Whitcornb 1932). These conditions usually
occur about the time blueberry plants finish blooming.
Nearly all weevils will have emerged from hibernation and
returned to blueberry fields by the time daily temperatures
reach 32°C (90°F).

Female weevils lay their eggs in shallow pits excavated
on the surface of green berries. Usually a single egg is laid
in each berry, and a crescent-shaped scar develops on the
surface at this oviposition site (Plate 3I). Upon hatching,
larvae burrow into the fruit where they feed on the pulp for
about 2 weeks. Fully grown larvae Jeave the fruit, burrow
into the soil and pupate within an earthen chamber. Adult
weevils emerge about 4 weeks later. Most of these adults
enter diapzuse after several weeks of active feeding, but if
green berries are still present, a few will mate and produce
a second generation (Mampe and Neunzig 19867).

Infestations of plum eurculio can usually be detected by
examining green berries for the characteristic ovipasition
scar. These berries are usually the first to turn blue, and
will often drop to the ground before uninfested fruit is
ready for harvest. Adult weevils are secretive and noctur-
nal, but they can be found early in the morning or late in
the evening by shaking the branches of a bush over a white
ground cloth. Weevils disturbed in this manner will drop
from the bush and feign death, folding their legs ightly
against the body as they lie on the white cloth.

The plum curculio can be controlled with insecticides if
applications are properly timed. Two applications of a con-
tact insecticide are usually necessary to obtain complete
control. The first apray should be applied as soon as adult
weevilg begin returning to the fields, and the second spray
shoul. be timed to coincide with the end of the spring
migration (after daily high temperatures reach 32°C
(30°F)). Additional applications may be necessary for
heavy infestations or during ceol seasons when berry
development is unusually slow.

Cranberry Fruitworm

The cranberry fruitworm (Acrobasis vaccinii Riley) is
found throughout the eastern United States and Canada.
Its food plants include cranberry, huckleberry, and many
species of wild and cultivated blueberries (Maxwell and
Morgan 1951, Hutchinson 1954, Marruci 1966, Neunzig
1972).

Fuily grown larvae of the cranberry fruitworm overwin-
ter in silken hibernacula spun near the surface of the soil.
Toward the end of winter, these larvae pupate and emerge
about a month later as small, brownish gray moths with a
16-18 mm wingspan (3 to % inch). In North Carolina the
emergence period begins in late March and continues
through most of April (Neunzig 1972). This is 3 fairly com-
mon species, but adults are not often seen because they are
active only at night.

After mating, female moths usvally lay their eggs within
the calyx cup of grezn berries. First instar larvae emerge in
4to 5days and burrow into the berry near izs junction with
the stem (Hutchinson 1954). Larvae are smooth, elongate
caterpillars with three pairs of thoracic legs and five pairs
of fleshy abdominal prolegs (Fig. 10C). They grow to about
15 mm in length (% inch), and are usually s pale yellowish
green in color with an amber hend capsule. Older larvae
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PLATE 4
Adult stage of the sharpnosed leathoppar.
Injury to bluebwir, folinge by .me larva of a leaf roller.
First instar nymph of the sharpnosed leathog per.

Fifth instar nymph of the sharpro..d leafhopper. Note the
hourglass pattern on the dorsal surface.

Injury to blueberry ieavcs caused by .2 adult stage of the
cranberry rootworm.

The larva of a blueberry _. .7y, ard its typical feeding
damage on the underside of a leaf.

Infesiation by the terminal borer !Recurvaria 8p.) causes
the growing tip to wilt and eventually die.

Feeding damage to a blueberry leaf by adults of tle
Japanece beet)a,

Terrapin scale oa the stems cf a blueberry plant.

Sooty mold on blueBerry foliage during the summer is a
symptom of scale infestation. The mold grows on honeydew
excreted by the scale insects.

A mound of light brown ‘rass at the base of a blueberry
plant is caused by a larva of the Oberea stem borer.
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may develop a light pink coloration on the dorsal surface.
First-instar larvae have been found in North Carolina us
early as mid-April, but they are more commonly seen
around May 1 (Fulton 1946, Neunzig 1972).

Larvae feed inside the berry until mosy of the contents
have been cotisumed. An infested berry usually becomes
filled with frass from the insect, then shrivels, and turns
prematurely biue. As larvae develep, they move from one
berry to another within the cluster and may fead on 3 10 6
berries before they pupate. While feeding, larvae web
together infested and uninfested fruit with strands of silk
and peliets of frass (Plate 3C), muaking the entire cluster
unsuitable for harvest (Fulton 1946).

By the end of May, most larvae are fully grown. They
drop to the ground under blueberry plants and build silken
chambers where they remain throughout the rest of the
year. There is usually only one generation por venr, but a
few individuals may continue develcpment and preduce e
second generation on deerberry ( Vaccimum stamineum L.)
in Juiy (Neunzig 1972).

Adult moths of the cranberry fruitworm carn be attracted
to black-light (UV) traps as they emerge in March and
April. This technigue may be useful to optimize the timing
of ingecticide app'izutions, but it is not an effective contret
strategy (Tomlinsnn 1952). Larval infestations can be
detected by looking for a iiny entry hole near the wtem of
small, shrunken berries which have turned blue. The dis-
tinctive frass and webbing produced by this species does
not usually appear until the middle of Apri! when larvae
begin moving between berries.

Two apring applications of insecticide are usually necaed
to control cranberry fruitworms. The first spray is applied
shortly after bloom, with a second application in 10 to 14
days. In mosi cases, timing these sprays to give optimum
control of the plum curculio (q.v.) will also provide ex-
cellent control of cranberry fruitworms.

Cherry Fruitwaorin

The cherry fruitworm (Grapholita packardi Zeller) is
generally distributed throughout the northern two-thirds
of the United States where it feeds on a number of host
plants including apple, cherry, blueberry, rose and
hawthorn (Chapman and Lienk 1971). This species is fairly
common in North Carolina—at times even more abundant
than the cranberry fruitworm.

Cherry fruitworm larvae are smooth caterpillars with
brown heads, three pairs of thoracic legs and several pairs
of short, fleshy abdominal legs. Physically, they resemble
larvae of the cranberry fruitworm, but are more reddish in
coler (Plate 3F). Larvae grow w about 9 mm (% inch) in
length. The adult stage is a small, dark grey moth with
chocolate colored markings or the wings. These moths have
a wingepan of 8 to 11 mm (% inch), but they are seldom
seen becpuse they are active ai night and hide under leaves
during the day (Vergeer 1954).

In North Carolina, acdults emerge during April and lay
their eggs on both the fruit and foliage of blueberry plants.

Moat larvae hatch in mid-April; they bore into the [irst
fruit encountered, often entering the calyx cup of the berry.
When larvae are about one-half to three-quarters grown,
they move to an adjacent berry in the cluster, boring from
one fruit to the other at the puint of contact and lining the
Junction with silk. Some larvae attain their full size within
the second fruit, while others may feed on additional
bernies. Upon completion of larval development, cater-
pillurs leave the fruit and excavate small burrows in a dead
biucherry cane, a pruninig stub, or the stem of a dead weed
nearby (Maruecet 1966). Larvae rermain inactive within
these burrows for the rersinder of the growing season and
throughout the follow ag winter. With the onset of mild
temperatures in WMarch and early April, larvae pupate
within their burrows and emerge about two weeks later as
adults.,

Detection of infested fruit is difficult because there iy lit-
tle eaternal evidence of the insect's presence, and larvae
remain well-concealed inside berries that have been tightly,
but inconspicuously, silked together. In early spring, ad..ts
can be collected at light traps or in jars baited with a mix-
ture of lignin pitch znd terpinyl acetate. Both of these
methiods are useful for monitoring population size, but
neither can provide effective control.

In order to prevent damage by ¢’ rr. fruitworins, two
applications of a residual insecticides are usually needad
during the adult’'s flight period in the epring. Sprays ap-
plied againg® the plum curculio (q.v.) sheuld also give ade-
quute control of cherry fruitworms.

Plant Bugs

Several plent bugs, including the leaffooted bug,
Leptoylossus phyllopus (1), and the stink bug, Bunasa
dinmudiata {(Say), are frequently found in North Carolina
blucberry plantings. Thzse insects zre not host spacific, but
veeur on many plants having comparatively .arge, suc-
culent fruit,

Adult leaffooted bugs are about 20 mra long (3¢ inch),
somewhat elongate, with a derk brewn body and & narrow
creati-colored stripe acress the back. The head is small,
mach narrower than the thorax, and bears a long, slender
beak. The tibia of the hind legs are disunctively flattened
and leaf-like (Fig. 11A). Nymphs or young of the leaffooted
bug are similar to the adult in general shape, but are
sinalier, lack wings, and are bright red in color.

Stink bug aduits are green with dark brown markings.
Tiie body is shaped like a shield (Fig. 11B), about 10 mm
long (% inch), and produces a distasteful oder when han-
dlva. The head is short and flat with a long slender beak.
Immature stink bugs are smaller and lack wings but in
penceral they resemble adults. They are brown in the early
insiars and mostly greea in the fourth or last instar.

Both the leafsooted bug and the stink bug overwinter in
the adult stage. Stink bug adults occur on blueberry plants
from: April through June, while adults of the leaffooted bug
veeur on plants from mid-May through June. Eggs and
nymphs of both species are found on the foliage and fruit



during the months of Mayv and June Plant buys are only
rarely encountered on blueberry hushes zfter harvest.

Both adults and nymphs of plant bugs suck Juices from
developing blueberries. Tiny openings are left in the skin of
fruit pierced by the slender, tuhe-like mouthparts cf these
insects. The cells surrounding these openings faii to turn
the color of a ripe berry and the fruit secomes slightly mot-
tled in appearance. However, ne discoloration within the
berry or shriveling of the fruit occurs. Since these insects
cause no obvious injury to the frunt, there is no reason to
control them.

Plant bugs which may feed on

Figure 11.
blueberries. A) leaffooted bug B) stink bug.

Fruit and Foliage

Japanese B-etle

The Japanese bectle (Popillia juporica Newman) is an in-
troduced species which has spread throughout the eastern
United States. Adults feed on a wide variety of host plants
including tree and bush fruits, shade trees, vegetable crops,
and broadleaf weeds. Larvae live in the soil and feed on the
roots of grasses. This species is present throughout North
Carolina, but it is most common in the Piedmont and
Mountains.

The adult beetie is 10 to 12 mm lorg (% to ' inch) with a
metallic green hody and bronze wing covers. [¥stinctive
tufts of white hair are visible alonu the sides of the ab-
domen and behind the wing covers. Larvae are small white
grubs with a light brown heac capsuic. They grow to about
15 mm in length (% inch).

In North Carolina, adult Japanese beetles mayv be found
in blueberry fields during June and July. Near the end of
July and beginning of August they migrate to Lrassy areas
and lay their eggs. Larvae hatch in a few weeks and feed on
roots until they become dormant for the winter. They
resume feeding again in ear!:- sprinu, and usually pupate in
May. The new adult generation fiies to flowering or
fruiting plants where they feed and mate.

156

Feeding by the adult beetles can skeletonize the leaves
(Plate 4H) and cause large, irregular holes in the fruit.
Severe damage to the foliage may retard growth in young
plants. Infestations are usually easy to detect because the
adults tend to congregate on fruit and fly off noisily when
disturbed.

Japanese beetles are usually not abundant enough in
blueberry fields to cause much damage. Occasionally, large
localized populations may develop in the Mountains or
Piedmont, but these plantings are usually small and com-
mercial bait formulatiors can be used to trap the adults.
Insecticide applications should probably be avoided except
in extreme cases or on small, non-bearing plants.

Foliage

Sharpnosed Leafhopper

Several kinds of leafhoppers may be found feeding on
blueberry foliage, but the sharpnosed leafhopper
(Scaphytopivs magdalensis (Provancher)] is the only
species which is considered a serious pest. It has earned
this distinction because it transmits a mycoplasma-like
pathogen which causes stunt disease (q.v.) in highbush
blueberries (Tomlinson et al. 1950). This leafhopper is com-
mon throughout the eastern United States where it feeds
and reproduces on blueberry, huckleberry, cranberry,and
other related plants in the family Tricacese (Hutchinson
1955).

Sharpnosec leafhoppers overwinter as sggs laid inside
the leaf tissue of host plants. In North Carolinz, these eggs
hatch around the middle of March (about the time
blueberry leaf buds begin to open). Nymphs are ivory in
color (Plate 4C), and develop an hourglass pattern of brown
or red markings on the dorsal surface as they grow (Plate
4D). Leafhoppers reach the adult stage after five moits.
Adults arz approximately 5 mm long (3/16 inch), and are
mostly brown with small cream-colored patches on the
body and wings (Plate 4A). Both nymphs and adults have a
pointed head which is shaped like the horn of an anvil.

There are three generations of the sharpnosed leafhopper
each year in North Carolina. Peak adult populations occur
near the end of May, the middle of July, and the beginning
of October. The highest populations are found in aban-
doned blueberry fields and in wooded habitats where
huckleberry (Gaylussacia spp.) and blueberry (Vaccinium
8pp.) are common in the ground cover. Adults are able to
fly long distances (probably carried on air currents), and
they tend to disperse out of the woods during the spring
{first) generation, and back into the woods during the {21
(third) generation (Meyer 1984).

Feeding by sharpnosed leafhoppers causes very little
direct injury to blueberry plants. But economic losses do
occur when these insects feed on stunt-infected plants, ac-
quire the pathogen, and transmit the disease to other
plants in subsequent feedings.



Yellow sticky traps, like those used to catch adult
blueberry maggots, seem to be the best way to monitor
changes in populations of sharpnosed leafhoppers. These
traps should be hung directly on the bushes, in a clear spot
about 0.5 m (20 inches) above the ground. Counts of the
trap catch should be made at least once a week throughout
the growing season. Most of the individuals collected on
these traps are adults, and males usually outnumber
females by 5 to 1. Both adults and nymphs can be collected
from blueberry plants with a sweep net; this technique
gives a better estimate of the sex ratio and population
structure, but it tends to give highly variable estimates of
population density. Best results are usually obtained late in
the day (near sunset) using a single upward swee) along
the side of each bush in the row.

Sharpnosed leafhoppers are quite susceptible to the in-
secticides registered for use on blueberries. Spring applica-
tions to control the pilum curculio and fruitworms should
also kill nymphs of the first leafhopper generation. At least
tw:> more sprays are needed later in the season to prevent
re-infestation by migrant adults of the second and third
generations. These sprays should be timed to coincide with
the periods of peuk flight activity (mid July and early Oc-
tober). It is also extremely important to keep a healthy
stand of bushes by promptly removing all plants whizh
show symptoms of stunt disease.

Leaf Tiers and Leaf Rollers

Larvae of several moth species feed on blueberry leaves
which they roll or tie together with silken webs (Plate 4 B).
In North Carolina, the most common representative of this
group is the leaf tier Aroga trialbamaculella (Chambers).
This insect is a frequent pest of cranberries in the
Northeast where growers call it the red-striped fireworm
(Franklin 1948). Two other species, Dichomeris vacciniella
Busck and A cleris maculidorsana (Clemens), are also found
from time to time in North Carolina. These insects have no
common names.

As adults, all three of these species are small and dusty
brown or black. They have a wingspan of about 16 mm (%
inch), but are seldom seen because they fly only at night
(Darlington 1952). Larvae of A. tralbamaculells are
elongate, hairless caterpillars with light brown heads,
three pairs of thoracic legs, and several pairs of fleshy ab-
domiral legs. When fully grown, they reach a length of 10
to 13 mm (% to '2 inch), and have four distinctive reddish
stripes running the length of the body. Larvae of D. vac-
ciniella and A. maculidorsana are similar in size and ap-
pearance to A. trialbamaculella, but differ in coloration.
Immatures of D. vacciniella have dark brown or black
heads, purplish-brown on the thorax, and yellowish-white
abdomens. Larvae of A. maculidorsana have light yellow
heads with two small, black patches, and their bodies are
mostly yellowish-white.

A. trialbamaculella has several generations each season
(Scammell 1921). In North Carolina, larvae may be found
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feeding on leaves ncar the terminal of the stem from May
through September. Two or more leaves are tied together
and a tube-like shelter of black frass and silk is constructed
between the lcaves. Feeding is generally confined to the ap-
per tissues of the leaves and this results in a skeletonized
appearance within the leaves and a discolored region exter-
nally (Fig. 12).

Larvaeof D. vacconella and A, macululorsana are found
on blueberry foliage in North Carolina during April and
May. Thege larvae also feed on leaves near the stem ter-
minal. Two leaves are webbed together, a path of silk web-
bing is laid down alony the midrib of one leaf, and the tips
of the leaves forming this enclosure are consumed (Fig. 13).
Several of these structures are formed during the develop-
ment of each larva.

Control of leaf tiers and leaf rollers is usually obtained
with spring applications of insecticides directed against
major pests such as the plum curculio and fruitworms.
Numerous natural parasites of these caterpillars are also
helpful in keeping these pest populations at a low level,

Figure (2. Leaves
tied together by a
larva of Aroga trial-
bamaculella. The
larva feeds only
within the enclosure
=~ on the upper surface
s_.,,"- of the leaves.
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Figure 13. Leaves tied together by a larva of

Dichomeris vacciniella. This insect eats the tips of
the tied leaves.



Sawfly

Sawflies are closely related to bees and wasps. These in-
sects are widely distributed throughout the United States
and their larvae feed on a wide variety of host plants in-
cluding most of the flowering fruit trces. In North
Carolina, there is one species of sawfly ((t/irou spp.) which
feeds on the foliage of biueberry.

Adults of the blueberry sawfly are black insects which
look like small wasps. They are secretive, and are seidom
seen flying in the blueberry fields. Immature stages of the
sawfly are soft, elongate, and slug-like in appearance. The
body is yellow-orange and is covered with a moist, sticky
mucous. Legs are present, but theyv are very small and in-
conspicuous (Plate 4F). The full-grown larva reaches a
length of approximately 10 mm (% inch).

Caliroa sawflies have several generations each vear in
North Carolina. Fully developed larvae are usually prasent
on blueberry plants in May, July, and also in September.
After hatching, larvae usually move only a short distance
and generally all individuals emerging from a group of eggs
remain relatively close tc each other through their entire
larval development. Al feeding is done on the underside of
blueberry leaves. Only the lower leaf tissue between leaf
veins is removed. Irregular brown areas appear on the up-
per surface of injured leaves (Plate 4F).

Early generation sawfly larvae are killed by insecticide
applications male for plum curculio and [ruitworms. Later
generations are usually not numerous enouygh to warrant
treatment with insecticides. Since larvae remain in groups,
they can be readily located and removed by hand.

Leaf Miners

There are at least two species of leaf miners which may
be found in the foliage of cultivated blueberries in North
Carolina. One species, Parornix preciosellu (Dietz), is con-
sidered a minor pest of blueberries grown in the
northeastern United States and has also been found in the
leaves of wild cherry (Darlington .352). The other species
probably belongs to the genus Culoptihu (subgenus
Gracillaria); it is closely related to several northern species
of leaf miners which have been found in the foliage of
blueberry and dogwood (Forbes 1948). There are no com-
mon names for these insects.

The larva of P. preciosellu is caterpillar-lixe and about 6
mm long (3/16 inch) when fully grown. The head is whitish-
yellow with brown spots and the body is mostly creamy-
white. Thoracic and abdominal legs are present, but dif-
ficult to see because of the insect’s small size. The entire
larval period is spent between the upper and lower surface
of a blueberry leaf. When the larva is fully grown, it cuts a
small exit hole in the leaf tissue on the lower surface of the
mine, and leaves the excavation to pupate. The adult is a
tiny brown moth with a wingspan of only about 6 mm (3/16
inch).
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The larva of Caloptilia sp. is a tiny green caterpillar
which feeds inside a small, oval mine. As it matures, the in-
sect cuts around the edge of its mine and causes the
damaged area to fall out of the leaf. The iarva pupates
within this detached mine, and emerges in two or three
weeks as a tiny adult moth with a wingspanof 3to4d mm (%
to 3/16 inch). The adult moth is light brown in eolor with
tiny gold spots on the wings.

The mine of P. precivsella is irregular or blotch-like in
shape and is restricted to the lower surface of the leaf.
Tissue immediately above the excavation is also injured.hy
the insect and eventually turns brown and dies (Figs. 14
and 15). The mine formed by Caloptilia sp. is almosi always
oval in shape and rarely larger than 2 by 2 mm (1/16 by 1/8
inch). Both species have several generations each year in
North Carolina. Larvae of the first generation oceur in May
and early June. A second generation attacks the plants in
late June and July, and a third generation is present later
in the season.

Leaf miners usually destroy s very insignificznt propor-
tion of a plant's leaf surface area, and never become com-
mon enough to cause noticeable damage. Since the plant
suffers no injury, there is no reason to control either of
these species.

Figure 14. (left) Underside of blueberry leaf
showing feeding injury or mine of the leaf miner,
Paronix preciosella.

Figure 15. (right) Upper surface of the same
blueberry leaf as in Fig. 14 showing appearance of
mined leaf from above.



Yellownecked Caterpillars

Several species in the genus Datana are known to occur
on blueberries in North Carolina. One species, the yellow-
necked caterpillar [Datana ministra (Dru-y)], is found
throughout the eastern United States and southern
Canada: its larvae feed on apple, birch, basswood, cherry,
elm, oak, and many other plants in addition to blueberry.
The other species, Dutana drexelii Hy. Edwards, Datana
vanaeceps (Guérin-Méneville) and Datuna major Grote and
Robinsen, are restricted Lo the Atlantic coast states where
they feed on most Ericaceae as well as apple, basswocd,
sassafras, and witch-hazel (Craighead 1949, Darlington
1952). These species occur only sporadically in North
Carolina, but when present on blueberry, they are likely to
cause concern because of their large size and voracicus ap-
petites.

The larval stage of all three species is coloiful and
moderately clothed with long, white hairs. The head is
usually black, the neck is narrowly ringed with yellow or
orang: and the body is conspicuously marked with
longitudinal yellow lines against a biack background. Fully
grown larvae reach a length of about 5 cm (2 inches). When
disturbed, these insects often elevate the anterior and
posterior ends of their body, clinging to .he substrate by
only a few middle pairs of prolegs (Fig. 16).

Adults of these caterpillars are light brown moths with a
wingspan of 4 to 5 cm (1.5 to 2 inches). The forewings zre
usually banded with dark brown lines, and the hind wings
are somewhat lighter in color than the forewings. Moths
are seldom seen because they are active at night.

All of these species pass the winter as pupae in the soil.
Adults emerge in June or July and lay their eggs in groups
of 50 to 100 on the undersides of leaves. After hatching,
young larvae often feed together on a single leaf for several
days and then gradually disperse to nearby foliage where
they remain clustered throughout their entire larval
development. In North Carolina, larvae are usualiy found
on the blueberry foliage during late August. There is only
one generation per year.
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Figure 16. Larva of the yellownecked cater-
pillar. When disturbed, these insects often elevate
the anterior and posterior ends of the body.
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Although voung Datana larvae only skeletonize: the
blueberry foliage. oider larvae are able to consume entire
leaves and mayv completely defoliate small plants. Exten-
give ferding mav retard growth, but plants are seldom
killed because wnjury occurs late in the growing season.
Since infestations tend to be localized and readily detected
in the field, growers can prevent severe defoliation by
manually removing the caterpillars or by destroying
colonies with insecticide from a small, portable sprayer.

Dagger Moths

There is at least one species of dagger moth, Acronicta
tritonn (Hibner), which feeds on blueberry huckleberry,
azalea, and a few other Ericacious plants. This species
ranges along the eastern seaboard from southeastern
Canada to Florida, and along the northern half of the
United States from New Jersey to CGregon (Forbes 1948). In
North Carolina, the larvae are most commeonly found on
wild highbush hlucberries, but they also occur sporadically
in commercial fivlds.

The aduit has a wingspan of abott 4 ecm (1.5 inches); it is
grayish-brown in color and marked with dark, wavy lines
on the front wings. Larvae are elongate and sparsely hairy.
The head is yellowish with lateral dark brown spots, and
the rest of the body is mostly yreen. Short, black converg-
ing bands occur immediately behind the upper region of the
head, and red, brown and yellow longitudinal lines are also
present on the upper surface of the thorax and abdomen
(Fig. 17). Both thoracic and abdomina! legs are present.
Full-grown larvas are approximately 3 cm long (1.25
inches).

A. tritoma overwinters as pupae in the soil under
biueberries. There are evidently two generations per year
in North Carolina with large larvae present on blueberry
foliage during May or June, and again in September.

Early-stage larvae make small, irregular holes in leaves.
As they grow, the amount of leaf injury increases until
eventually the larger larvae are able to consume entire
leaves. Insecticides applied for the control of plum curculio

Figure 17. A
dagger moth
caterpillar
(Acronicta).




and fruitworms usually give satisfactory control of the
first dagger moth generation. Second-generation larvae are
not very common; if present, they can he removed and
destroved by hand.

Fall Webworm

The (all webworm [Hyphawtrie cuuea (Druryi] is a
native of North America and occurs throughout most of the
United States and Canada. It is a ueneral feeder which at-
tacks most deciduous shade trees, ornamentals, some fruit
trees (apple, plum, etc.), and a few bush fruits including
blueberry anc huckleberry (Craighead, 19491

Fall webworms overwinter as pupae in cocoons under
trash or the bark of trees. Adults emerge in the spring and
lay their eggs on the leaves of their host plants. After
hatching, larvae remain together as a group and construct
a silk enclosure (tent) over the leaves as they fecd (Fig.18).
Larvae are pale yellow or brownish in color with a broad,
dusky longitudinal stripe on the back and a vellowish stripe
along each side. The body is covered with light colored hairs
which arise from black and orange warts ( Fig. 19B,C). Full-
grown caterpillars are about 2.5 cm long (1 inch). In North
Carolina, large larvae of the first generation ave found on
blueberry from mid-June to late July.

Upon completing their larval development, these insects
drop from the plant and construct cocoons near the soil sur-
face. The 2dults emerge in late summer. They are mostly
white in color (Fig. 19A), occasionally with small black dots
on the front wingy, and have a wingspan of about 3cm (1.25
inches). In North Carolina, eggs of a second generation are
laid on host plants in late summer; larvae from this brood
pupate in early fall and emerge as adults the following
gpring (Werren and Tadic 1970).

All leaves of an average sized blueberry plant can be
destroyed by a single colony of larvae. Such complete
defoliation retards growth but seldom kills the nlant unless
it occurs every vear. First-generation larvae are usually
destroyed by insecticides applicd for control of the plum
curculio and fruitworms. Since few second-generation fall
webwoi ms are usually encountered in blueberry plantings,
the most practical means of control is to cut out the nests
and destroy them by hand.

Foliage and Roots

Cranberry Rootworm

Several species of leaf beetles (Chrysomelidae) feed on
blueberry plants, but the cranberry rootworm
(Rhabdopterus picipes Oliver) is prebably the most abun-
dant arnd most damaging of these species found in North
Carolina. Although its range extends from Mississippi to
Quebec (Phipps 1930, Franklin 1950), the beetles are
usually most common in blueberry or cranberry fields near
coastal lowlands.
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Figure 18. Nest of the fall webworm. Note that
all of the leaves have been ecaten in the vicinity of
the nest.
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Figure 19. The fell webworm. A) adult
B,C) larvae.



Both the immature and adult stages of the cranberry
rootworm feed on blueberry, cranberry or closely reiated
host plants. Alternate host plants may include apple,
cherry, dogwood, grape, plum, strawberry, and myriie
«Harman 1940). Adult beetles usually consume the foliage,
while larvae, which live in the soil, feed primarily on small
roots or, nceasionally, un the outer covering of large roots
1Scammell 1915).

Larvae of the cranberry rootworm are elongate, ivory-
colored grubs with a brown head and three pairs of small
thoracic legs. The body is usually held in a slightiy curved
position, reaching a length of 7to Y 'm (5/16 inch) when
fulty grown. Larvae overwinter in small earthen chambers
near the crown of the plant, pupat~ in early May, and begin
to emerge as adults in 3 to 4 weeks. Adults are 4 tod mm
long (3716 inch), with an oblong-oval body which is
mahogany to dark metailic-green in color. They are usualiy
present in the fields during June and July. Females lay
their eggs in the soil, and young larvae begin to hatch in
late June (Scammell 1921).

Cranberry rootworms occasionally cause significant
economic losses in commercial blucherries by reducing
plant vigor and by shortening the hife of a stand. Yellow
foliage and wilted terminals mayv be signs of larval feeding,
but these svmptams must be confirmed by digying heneath
the plant to find grubs or evidnce of their damage to the
roots. When adults are present (June and Julvi they can be
collected from the foliage with a sweep net. Their feeding
usually preduces irregular, elongate, and often angulate
holes along the leal margins (Plate 4E). Although this
feeding may cause a significant loss in leaf area, it is
usualiy less important than larval injury to the roots
(Franklin 19301,

In areas where rootworms are a problem, the land should
lie fallow for a full year before it is replanted to blueberries
(Marucei 1966). In severe cases, a soil insecticide also
should be disked into the ground just before new plants are
set. Satisfactory control measures te kill the larvae in es-
tablished plantings have not been developed.

Stems

Terminal Borer

Larvae of moths in the genus Recurvaria are commonly
found infesting the growing terminals of blueberry canes
and other similar piants in North Carolina.

Recurvaria adults are tiny moths with a wing-spread of
only about 6 mm (% inch). They are grayish-white with
numerous black and brown markings on the body and
wings. Larvae are smooth, caterpillar-like and approx-
imately 8 mm long (5/16 inch) when fully developed. Small
thoracic and abdominal legs are present. The most dis-
tinctive characteristic of larvae of all ages is ihe dark red-
dish color of most of the body. The head is dark brown.

Recurvana larvae are associated with the blueberry
plant for only a relatively brief period during the growing
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aeameor Farin o the season, egies are laid in the tips of ex-
parcre termenosand farvae bore into these tips Larval
feeding and ac chieent oeeurs within the termunals dur-
e tne mentts o Apridoand May, Pupation oceurs in late
A or June, prohabhin an the sail.

Tie teneer groeang teenninais of the plants are hollowed
ot b e L e for o distanee of about 1 to 2 inches. The
terminai deive s secome wilted and are usually partally
con~ured Phae 160 AU times, a short frass or excrement
tabwe =~ canstreted at the upper opening of the tunnel
Eaentualhy, the terminal of the infested stem shrivels,
hecomis ey, and turns dark purphsh-brown (Fig, 200,

Uriess plant= are heavily infested with terminal borers,
the injury appirrenthy has hittle effect on productivity. In-
<ecticrdes appiied in the spring for the major blueberry
sharp decrease in Recurvar
additional control of this  speeies

pest~ dsually cause a
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Figure 20. In-
jury by the ter-
minal borer (Re-
curvaria).

Blueberry Tip Borer

Althougn the biueberry tip borer, Hendecanenru
chotenrno tleartotty was first deseribed in 1907, it ©» a3 not
recogmized as 2 blueberry pest until the 1950's when it was
found dumaging commercial plantings in New York
{Schaefers 19682). In North Carolina, this species has never
heen found in the cnastal plain, but it has been reported
several times on hlueherries grown in the v.estern part of
the state

Rluvherey tip horers overwinter as larvae in the hollow
hiueherss canes where they feed during the summer. These
larvac are ~lender caterpillars with both thoraeic and ab-
dominal iegs A first, voung larvae are light pink with a
hrown head capsule, but the colaration fades as they
mature ( Maruces 19661 Fully developad larvae have a white
hody and grow to about 12 mm ('2 inch) in length.

in western North Carolina, larvae pupate in May and
aduits emoerge feom the canes in June. These moths are
n calor, but each front wing has orange
Marhs neas e o amd g silver spot along the hind margin,
They nave o wingspan of 9.5 to 14.5 mm (3/8 to /16 in-

Mmost!y hrown



ches). Female moths lay their egys on the lower surfuce of
leaves and vouny larvae bore into the canes 5 to 15 cm (2 to
6 inches) from the tip (Schaefers 1962). Larvae feed
throughout the surnmer and early fall, excavating a tunnel
toward the base of each infested cane.

During July and August, the portion of the stem above
the tunneled out cane wilts and turns brown in color. At
first, this injury may resenible the primary infection of
mummy berry or damage caused by Recurcurut larvae, but
the blueberry tip borer usually kills a greater length of the
cane (20-25 cm or 8-10 inches). In the spring, infested ter-
minals show very conspicuous symptoms of dieback.

It is difficult to assess the overall effect this damage has
on the plant. Usually when tips are injured, secondary
growth occurs which compensates, at least in part, for in-
jury to the main stem. Heavy infestations will probably not
kill the plants, but they are likely to cause sonie reduction
of yield.

If dead canes containing the tip borer are cut out at prun-
ing time, damage caused by this insect will be light. The cut
pieces can be left in the field because the tip borer will die
within a short time when the shoots dry out. Beneficial
wasps parasitize larvae of tip borers, and they also help
contro} this insect in North Carolina.

Scale Insects

In general, scale insects are stationary (sessile)
organisms which feed on plant juices by inserting their
mouthparts into the vascular tissues of a host plant. Most
species secrete a hard, rigid, or waxy covering over their
body and pass much of their life cycle under this protective
shell. Only the first instar nymphs and adult males are
mobile and bear any physical resemblance to other insects.

Scale insects are not {requent problems on blueberries in
North Carolina, but there are several species including the
terrapin scale (Lecaniwm nigrofuscwtam Pergande), the
Putnam scale (Aspidiotus uncylus Putnumj, and the cot-
tony maple scale (Pulvinuriu innumerabilis (Rathvon))
which ray occur sporadically in commercial plantings
(Marucei 1966). All of these species are widely distributed
throughout the eastern United States where they infest a
variety of fruit crops and ornamental plants (Johnson and
Lyon 1976).

The terrapin scale, probably the most serious scale insect
on blucberries, secretes a roind, rigid covering over its
body which is brown or reddish-brown and marked with
black bands like the shell of a turtle (Plate 41). These scale
coverings increase in size as the insect grows, eventually
reaching a diameter of 3 to 4 mm (about 's inch). The Put-
nam scale also produces a round protective shell, but it is
brownish gray, has a brick red nipple near the center, and
seldom grows larger than 1 mm in diameter (1/25 inch).
The cottony maple scale forms a white, waxy covesing
which may be 5 to 10 mm in diameter ' to 3/16 inch) and
roughly oval in shape (Fig. 21).

All of these species have only one generation per year.
They overwinter as full grown nymphs or as fertile adults
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and produce young in the spring of the year. At first, these
voung scale insects, known as crawlers, actively move
about on the plant. Within a few days, they select a feeding
site, settle down, and begin to secrete the shell which covers
and protects thei budy. Adult males emerge in late sum-
mer, mate wita the females, and die within a few days
(Williams and Kosztarab 1972).

As they feed. scale insects (particularly the terrapin
scale) produce large quantities of honeydew, a sugary
waste product, which covers the foliage and stimulates
growth of a sooty mold. Heavy scale infestations can often
he detected ty the presence of this gray coating on the
foliage (Plate 4J).

Since scale insects feed by removing sap from the plant,
they can reduce vigor, decrcase yield, and even shorten the
life span of infested plants. The scale covering is imper-
vious to many insecticides, so it i¢ difficuit to control these
insects with cover sprays applied during the growing
season. Best results are obtained when appiications are
timed to coincide with the active period of the crawlers or
when dormant oil sprays are applied befcre bud break in
the spring. Careful pruning can also help control light or
scattered infestations of scale insects.

Figure 21.
Cottony maple
scale on a dor-
mant blueberry
cane.

Stems and Crowns

Stem Borer

A stern borer in the genus Oberea is a sporadic pest of
blueberries, huckleberries, azalea, rhododendron, and
laurel. This species (or its close relative) occurs throughout
much of the eastern United States (Craighead 1949).

The adult of this stem borer is an elongate, slender beetle
with a light brown or vellowish body. There are two dark
spots on the dorsal surface of the thorax and a dark lateral
margin on each elytron (wing cover). The beetle is about 15
mm in length (% inch) and has slender antennae which are
nearly as long =3 its body. Adults are present in blueberry
fields during June and July.



Females select young blueberry canes and insert their
epgs under a flap of bark cut near the cane's terminal end.
The larvae hatch in about 2 weeks. These siender. legless
worms tunnel upward within the cane (often killing the ter-
minal) and then reverse direction and burrow slowly
toward the crown of the plant. From 5 to 25 ¢m (2 to 10
inches) of the stem may be excavated during the first year.

Larvae become inactive with the approach of winter, but
resume feeding in the apring. After reaching the crown of
the plant, they move to adjacent stems, continue feeding
for the rest of the year, and complete their develcpment
during the spring of the third year (Driggers 1929). Fully
grown larvae are about 3 cm long (1.25 inches); they have
hard, brown heads and soft, white bodies (Fig. 22). A dis-
tinctive patch of tiny, dark colored spines is present on the
upper surface of the body just behind the head.

In some cases, stem borers cause extensive damase by
destroying the ygrowing tips or by killing entire cunes.
tawever, in other cases, infested plants seem to suffer very
little injury. Recent infestations are often difficult to
detect, but as larvae grow and begin to tunnel downward in
the stem, they periodicaliy chew open small holes in the
vark. Pellets of light yellow frass are ejected from these
holes during the summer and accumulate in distinctive
mounds on the ground beneath the plant (Plate 4K).

Stem borers are not a frequent problem in commercial
hlueberry fields. Dama v these insects can be
minimized if infested c. or wilted terminals are
removed by hand during the summer. Cutting the stems
well below their hollow section insures that larvae will
never reach the crown of the plant.

Figure 22.
Larva of the
Oberea stem
borer within a
blueberry cane.

Crowns and Roots

Crown Girdlers

The larvae of June beetles (Phyllophaya spp.) and
elephant beetles (Strategus spp.) are occasionally found
damaging the roots and crowns of blueberry plants in
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Nurth Carolina. These insects are widely distributed
threughout the eastern United States, and feed on a variety
of host plants in aadition to blueberry

Eoth Strateqgus and Phyllophaga have two-year life cv-
cles in North Carolina. Adult June beetles (Fig. 23B) are
robust, brownish insects about 16 mm long (*s inch) which
emerge in late Mav or early June and remain in the field
until the latter part of July. The elephant beetles are
usually uetive in August. They are larger thar June beetley
{about 3 ¢m or 1.25 inches) and are usually dark reddish
hrown in color with long, distinctive horns on the thorax
fone in females and three in males). Adults of these species
are often attracted to lights at night.

Epgs are laid in the soil under host plants and small,
white grubs emerge ir the sutiner or fall. These voung lar-
vae feed on tiny roots throughout the rest of the year and
then, as winter approaches, they burrow deep into the soil
and remain inactive until spring. Warm temperatures in
March and April stimulate renewed feeding. Larvze con-
tinue to grow throughout the year, pass a second winter in
the soil, and finally pupate after a brief, but intensive
feeding pe  d the following spring. Fully grown larvae are
clongate, “C'-shaped insects with three pairs of thoracic
legs (Fiyg. 23A). The head capsule is brown to reddish brown
and the rest of the body is vellowish or grayish-white.
Phyliophaga larvae grow to 20 to 25 mm (% to 1 inch) while
Strafegus larvae may be as much as 40 mm long (1.5
inches).

Young larvae feed on small roots and usually cause no
serivus damag. as long as the infestation is light and the
planis are healthy. More severe injury, however, can occur
as the larvae grow and begin to attack the main roots or the
crown of the plant. Older larvae often feed on bark and
wood just below the £c:il line; they can completely girdle the
crown and rapidly kill an entire plant. Infestations are
usuaily difficult to detect until the plants begin to die, but
digging around the hase of weak or questionable plants
should expose any feeding injury or the grubs themselves.
In plantings where these insects prove to be a problem, a
band of soil insecticide about 30 em (1 fe ., wide should be
cultivated into the soil around the base of each plant.

Figure 23. The June beetle (Phyllophaga).
A) larva B) adult.



Roundheaded Borers

Larvae of beetles in the genus rauns feed on the roots
and crowns of many trees, shrubs, and herbaceous plants.
In North Carolina, these borers mav occasionslly attack
blueberries, but other host plants gencrally seem to be
preferred (Craighead 1949)

Adult borers are large, reddish-brown heetles with long
antennae and small, distinctive teeth on the lateral
margins of the prothorax. They are slow, elumsy fliers
which are occasionaliyv attracted to lights gt night. Females
may be 30 to 45 mm in length (1.25 to 1.75 inches): males
are slightly smaller. Prionus tarvae resemble thuse of the
blueberry stem borer (Obervu spp., but have tiny thoracic
legs, lack spines behind the head. and grow w a much
larger size (Fig. 24). Fully developed Pruovus larvae are
usually about 65 mm long (2.5 inches).

Figure 24. Larva of the (Prionus horer. Note
the very small legs on the thorax.

Little is known of the life history of these borers on
blueberry, but it is probably similar o that observed on
other host plants. On oak or piiie, females lay their egys in
crevices in the bark near the base of the plant or in par-
tially exposed roots. Small larvae feed just under the bark
or root epidermis, while larger larvae tunnel extensively
throughout the roots and crown. The larval galleries are
usually packed with coarse, shredded shavings and excre-
ment. Three to five vears are spent feeding before the fully
developed larvae leave their host plant and pupate in the
soil nearby.

Since larvae feed on subterranean parts of the plant,
they are difficult to detect znd control. Arrested plant
growth is usually the first sign of an infestation, and
careful examination of these plants will show large feeding
galleries in the crown and primary roots (Fig. 25). Without
prompt treatment, these plants usually die.

As in the case of crown girdlers, a soil insecticide can be
applied in a band around the base of a blueberry plant to
kill Prionus larvae. This strategy is usually most effective
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against young individuals which have not penetrated too
deeply into the crown or roots. Older larvae may be ex-
ceedingly difficult to kill.

Figure 25. The
crown and a
portion of the
roots of a blue-
berry plant
showing holes
made by
Prionus
larvae.

Termites

The eastern subterranean termite, [Reticulitcrmes
Sluvipes (Kollar)], is abundant throughout the eastern
United States where it lives in association with dead and
decaying wood. Since blueberry plantings in North
Carolina are often grown on land which has been recently
cleared of trees and shrubs, there is often a considerable
amount of termite-infested debris left in the soil. When the
supply of this wood becomes depleted, termites may begin
to attack the living roots and crowns of blueberry plants.

Termites are social insects which live beneath the cround
in nests containing reproductive forms (winged ana
wingless) as well as sterile workers, nymphs, and soldiers,
A sprawling network of tunnels and enclosed passageways
connects the nest with many suitable feeding sites.
Workers and soldiers are most frequently encountered in
the field; these are wingless individuals with soft, white
bodies. The workers are about 5 mm long (3/16 inch) and
resemble ants, while the soldiers are slightly larger and
have brown, cylindrical heads with stout mandibles.

New termite colonies become established in early spring
when new reproductive forms leave an established nest.
These individuals are black with long slender wings, quite
different in appearance from the workers. After an initial
mating flight, the male and female burrow into wood, con-
struct a small nest chamber, and rear their {irst brood of
workers. Eventually, workers take over duties in the nest,
forage for food, and care for the young. An average size
colony with several thousand individuals takes four or five
vears to develop.



It is difficult to assess how much injury termites actually
vause in blueberry fields. Most infestations probably do not
result from the establishment of new colonies but occur in-
stead as established colonies enlarge their range of feeding.
in many cases, termites appear to be secondary invaders,
feeding upon plants which have already been weakened or
niiled by other insects or diseases. Damage to living plants
i~ yenerally confined to the small roots; larger roots oc-
casionaily may be injured, but termites rarely invade an
entire crown and kill the plant. Termite galleries are rather
distinctive because they follow the grain of the wood and
are usually packed with dirt and spotted with dark excre-
ment.

Complete control of termites in established plantings is
difficult to ubtain hecause the insects remain protected
within the woed. Saii insecticides applied around the base
of the plants and disked into the soil will usually help
reduce populations, but careful site preparation before
planting 18 the best way to prevent termite damage.
Remove all Lurge roots, branches, and other wood debris
from the field, plew the land thoroughly to encourage
decomposition of organic matter, and finally, incorporate
an ingecticide into the soil before new plants are set.

Disease Control

The blueberry grower should be able to recognize disease
and arthropod problems so that eifective control tactics can
be applied at the proper time. Commonly employed control
muasures include the use of fungicides, insecticides, resis-
tunt cultivars, rogueing diseased plants, and the production
of blueberry propagating stock free of disease.

Canker diseases of blueberry are best controlled by
planiing canker-free plants of canker-resistant cultivars,
In peneral, the use of fungicides for stem canker control
has proven to be ineffective. This is also true for the stem
blight disease. Prompt removal of al! dead or dying
branches, 6 or 8 inches below any sign of diseased wood,
and the use of blight-free cuttings for propagation are
suggested control practices for stem blight. The relative
susceptibility of the major blueberry cultivars grown in NC
to stem canker and other important diseases are given in
Table 2.

The only means of controlling stunt or virus diseascs of
blueberry is through a rigorous and continual eradication
program, the use of stunt—or virus-free plants, and insect
control. Inspections of plants for stunt should be made an-
nually in late spring and again in late summer. Affected
jants should be removed promptly.

The blueberry nursery at the Castle Hayne Research Sta-
ton near Wilmington, NC will provide NCARS project
ivaders and growers who wish te establish propagation
tnocks with quality true-to-type plants that are free of
<:unt. Plants of the major cultivars grown in NC and in-
cexed for blueberry stunt will be maintained in a
~creenhouse located at the Castle Hayne Research Station.
~mall blocks of mature bushes also will be maintained at
'ne Research Station to provide limited cutting wood for in-
“crested growers and exp -imental purposes.

Losses from bluet . - 'vuit rots (mummy berry, ripe
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rot, and phomopsis rot), leaf spots (Gloeosporium, Sep-
toria, Double Spot and Gloeocercospora), and twig blight
diseases (Phomopsis) ean be reduced by spraying with
fungieides. Preharvest treatment for ripe rot control is best
achieved with two to three applications of an effective
fungicide at 7 to 10 day intervals beginning at petal fall.
With a highly perishable fruit such as blueberry, the need
for control of postharvest fruit decay organisms (C.
loensporoides, P, vuccinil, Botrytis spp., and Alterncria
spp.) also is essential. The best means of prolonging shelf
life and reducing fruit decay of blueberries is storage of the
fruit at cool temperatures (40°F) as soon after harvest as
possible. Avoid overloading cold-storage facilities to the
point the berries cannot be cuoled and maintained at the
desired temperature.

Control of mummy berry is vest achieved by eliminating
the primary source of spores, the apothecia. Clean cultiva-
tion between rows and beneaih plants in the spring and
early summer will aid in control of this disease. Timely ap-
plications of cffective fungicides 1t the green tip stage (on-
set of vegetative growth), and again during bloom will help
to reduce losses from mummy berry.

To control Phomopsis twig blight, fungicides need to be
applied at blossom bud break and repeated at 10-14 day in-
tervals through bloom. There are various fungicides that
are effective in controlling these discases of blueberry;
however, the rate and time of application will vary
depending upon the dicease, weather and spray equipment.
Recommended control practices will vary from one region
to another; Ltherefore, it s important to consult state exten-
sion ‘service recommendations before applying any
chemicals. North Carolina blueberry growers should con-
sult the blueberry sprayv program in the N.C. &4 ncultural
Chemncals Muanual



Arthropod Control

Maintaining a clean, healthy stand of hlueherry hushes is
one of the most effective wavs to insure good control of
arthropod peats. Weedy fields and field margins provide
shelter and overwintering sites for some insects, and dead
canes or dving bushes can serve as breeding sites for other
species. Regular cultivation of the soil kills ingects which
pupate under dead leaves or near the soil surface, and a
good program of fertilization and water-management
keeps plants vigorous and better abie to withstand a small
amount of injury.

In addition to clean cultural practices, a successful
blueberry grower also needs a cocefully planned strategy
for applying insecticides and miticides. The effectiveness of
these pest control operations is influenced not only by tiic
types of chemicals used, but also by the method and timing
of their appiication. Since chemical formulatiens and
labelling undergo frequent chanyes, no specific suggestions
for insecticides or miticides are included here. Current
recommendations for specific matertils and information on
application rates is available in the NC Agrneuwltural
Chemicals Manual

In general, there are six time periods throughout the
vear when it may be appropriate to use pesticides to sup-
press ingects or mites on blueberries. The following syn-
opsis describes which pests can be controlled during each
period, how to estimate optimal timing for treatments, and
what other management options should be considered.
Since a different spectrum of pests can be controlled during
each interval, growers have some flexibility in the manage-
ment o. some minor pests {such as scales). Although some
species  require multiple treatments, individual fields
should rarely neea treatment during more than three or
four of these periods. Although this summary 18 no sub-
siitute for experience, it does outline some of the important
considerations that shouid po inte¢ making sound pest
management decisions.

Dormant Season. A severe infestation of scale insects is
the only arthropod problein which must be treated in the
dormaat scason. Two applications ! un oil suspension in
January or February usually give satisfactory results. Tim-
ing of these sprays is not eritical as lony as they are applied
on relatively warm davs (>50°F before the flower buds
begin to open. Dormant spravs are not economical for
treating small or scattered pcpulations of scale insects.
These minor infestations should be controlled with petal-
fall spravs which coincide with the scale's crawler stage.

Cultural practices during the dormant season can kill
overwintering insects and mites. Pruning out older wood
tends to reduce bud mite populations, and clearing the
ground cover in surrounding woods and field margins
destroyvs overwintering plum curcuiio and the eggs of
sharpnosed leafhoppers.
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Pre-Bloom. In rare situations where cutworms or cran-
berry weevils have been diagnosed as a problem, a pre-
bloom spray applied when the buds are beginning to swell
will protect the piant from injury. Use a residual insec-
ticide that will provide good activity at low temperatures
and avoid micro-encapsulated formulations which bees
might mistake for pollen grains.

Petal-Fall. Petal-fall sprays are probably the most im-
pol tant vnes of the year. These applications provida control
of plum curculio, cranberry fruitworm, cherry fruitworm,
the crawler stage of scale insects, and the [irst generation
of sharpnosed lcufiioppers. Ideally, the first spray should
te apolied after the bees finish working the plants AND
average daily temperatures reach 70°F. Applications made
too early in the season are wastefui of time and materials
hecause the pests are not yet active in the fields. Usually
two cover sprays are needed after petal fall to obtain
satisfactory control of fruitworms. However, when plum
curculio are present, these sprays should be continued
weekly until daytime temperatures reach S0°F.

Petal-fall i3 also an excellent time to control bud mites
because they are no longer sneltered by the plant. At the
present iime, there are no miticides whici can be u ed
hefore harveat, but changes in registration are expected in
the future.

Pre-harvest. Blueberry maggots are the only ingect
pests which may need to be treated just before harvest.
Monitor populations with yellow sticky traps baited with
protein hydrolysate and apply a short-residual insecticide
only in locations where more than two flies are collected
per trap per week. If berries are not yet ripe in an affected
field, apply the insecticide by ground, spraying every mid-
dle. If ripe berries are already present, the available crop
should be harvested just before the field is treated. Spray
around the perimeter of a field to block immigration of flies
from the surrounding woods. If weather or labor conditions
prevent harvest and ground application with 5 days, the af-
fected fields should be sprayed by air immediately.

Once a field reaches its treatment threshold, continue in-
secticide applications every 7 to 10 days until all unhar-
vested fruit has dropped. If possible, use a picking machine
to strip all remaining fruit; this eliminates oviposition sites
and should reduce future populations. Following this
strategy for several years should allow growers to
gradually eradicate spot infestations of the blueberry
maggot.

Post-harvest. Blueberry bud mites, Japanese beetles,
many of the foliage and stem feeders, and the second
generation of sharpnosed leafhoppers can be treated with
pesticide applications in July. Monitor the sharpnosed
lealiioppers with yellow sticky traps and apply one spray
near the peak of their activity. If bud mites are also a



problem, include a miticide and repeat its application two
weeks later. Since the mites are well protected under the
bud scales, adequate spray material must be applied at
high pressure to cover and penetrate the buds. Good
coverage may require 200 to 400 gallons of spray per acre
{(depending on plant size) applied with approximately 200
Ibs of pressure.

Autumn. Continue monitoring sharpnosed leafhopper
populations and apply a final spray near the peak of the
third generation. In North Carolina this application usually
comes during the first or second week of October.
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IMPORTANT NOTICE—PNW 232

EDB (ethyiene dibromide) was banned Sept. 30, 1983
by EPA for use as a 50l fumigant. It is an ingredient
in some of the products suggested (or control of
nematodes on page 5 of this publication. The specific
products affected by the ban are Terr-o-cide 54.45,
Terr-o-cide 15, Terro-cide 72.27. and Terr-o-cide 30.

The fumigant DD does not contain ethylene dibromide
but the manufacturer has discontinued production of
the chemical Existing supplies of DD may be used in
accordance with label directions
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DISEASE AND INSECT CONTROL GUIDE

Minimum
Days Be-
Disease or Insect tween Last
and Relative Pesticide Actual Toxicant Application
Occurrence {use one) Per Acre and Harvest Remarks

PREPLANT TREATMENT

Nematodes + DD Follow manu- Preplant only  Have nematode analysis made and base
rare *or Telone facturers direc- need to fumigate on results. It is best to
or tions. fumigate in late summer or early fall
» Terr-o-cide before anticipated planting in spring.
strawberry root  There are no legally registered Fumigation prior to planting will kill
weevil materials available that can be weevils present in the field. 't will not
Black vine applied as preplant treatment, protect the planting tfrom weevils that
weevil migrate into the field at a later date.
Rough strawberry
root weevil
(occasional)

Woods weevil
Obscure root

weevil
{occasio