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EXECUTI VE SUMVARY

The U.S. farmvalue of cultivated blueberry production was about $94
mllion in 1993. This does not include the value of "wild" or |owbush
bl ueberry production, which is a mgjor industry in Maine. Cultivated
bl ueberry production is centered in M chigan and New Jersey, but substantia
i ndustries have devel oped in recent years in Ceorgia, North Carolina, Oregon
and Washington. Fledgling industries are developing in other states such as
M ssi ssi ppi, Al abama, Arkansas, and Fl ori da.

Bl ueberries are perennials that fall into three categories: highbush
(grown nainly in the Eastern and Northern states); rabbiteye (native to the
Sout h), and | owbush (grown primarily in Maine). Blueberries reach peak
production 6 to 10 years after establishnent and, although the bushes can |ive
50 years, a 20- to 30-year life is typical

Regar dl ess of blueberry type, extension and industry contacts indicated

that frost damage in the spring is the nmajor peril facing growers. 1In the
nort hernnmost states, cold damage is a concern. Bird depredation is a mgjor
peril in the Pacific Northwest and Florida. Interestingly, perils faced by

growers east of the M ssissippi River appear to be largely related to weather
while Northwestern growers are plagued nore by pests and di seases.

Because bl ueberries are shallowrooted plants, they need 1 to 2 inches
of rainfall per week during the growi ng season. Although nmuch of the crop is

irrigated, the extent of irrigation varies wi dely anpbng states. In
M ssi ssippi and Florida, nearly all of the crop is currently estimted as
under irrigation. 1In contrast, |less than one-third of the North Carolina crop

is irrigated.

Many perils have at |east partial neans of control. The prinmary nethod
of protection against |ate frost damage is sprinkler irrigation. As a result,
progressive growers are increasingly investing in this technology. Sone
states have reconmended spray prograns for insects and di seases. Netting and
noi se- maki ng devi ces are suggested for control of birds.

The demand for insurance appears strongest in southern states in which
bl ueberry acreage has increased considerably in the |late 1980's. Based on
di scussions with extension specialists, demand appears to be strongest in
M ssi ssi ppi, Arkansas, and Florida. Dermand al so appears to exi st anopng
smal l er growers in New Jersey. However, the demand anong North Carolina
growers, who were quite interested in insurance in the late 1980's, appears to
have dw ndl ed.

To protect agai nst adverse selection, a sales closing date of no later
than January 1 seens necessary in the northern growing areas. |In Florida the
cl osing date shoul d probably be Decenber 1 because tenperatures during
Decenber can affect the earliness of bloomin the spring. These dates should
protect FCIC from growers signing up later in the winter and early spring when
the likelihood of |osses fromfrost and cold danage becone nore apparent.



Moral hazard may appear in several ways if blueberry coverage is
of fered. Faced by |l ow prices, some growers may let their berries becone
overripe and deteriorate on the bush. Ohers may reduce input use in order to
collect an indemity, while still nmaintaining the primary production asset--
the bl ueberry bush--for potential harvest the next year. Mral hazard would
be a particular problemif the return fromthe policy were expected to be
hi gher than the producer's expected nmarket return.

G ven the uncontrollable perils faced by growers a blueberry policy
woul d l'ikely be of benefit to the industry. Methods of curbing adverse
sel ection and noral hazard, as discussed in the report, would hel p protect
FCI C s exposure to | oss.



Bl ueberries: An Econonic Assessnment of the Feasibility
of Providing Miultiple-Peril Crop |nsurance

| NTRODUCTI ON

Bl ueberries are grown over a wide area of the United States, but USDA
reported only nine states with value of cultivated blueberry production of $1
mllion or nore during 1992. The U S. farmvalue of cultivated bl ueberry
production was $94.2 million in 1993 (47). This value does not include "wld"
or | owbush bl ueberry production, which is a mgjor industry in Miine. Mine
produced 84 nmillion pounds of |owbush blueberries in 1992, which exceeded the
combi ned total production of the three |argest cultivated blueberry states
(46).

Mai ne, M chigan, and New Jersey are the traditional blueberry States.
However, substantial industries have developed in recent years in CGeorgia,
North Carolina, Oregon and Washi ngton. Fledgling industries are developing in
ot her states, such as M ssissippi, Al abama, Arkansas, and Florida, but the
total value of production in these areas is relatively snall.

Bl ueberries are perennials that fall into three categories: highbush
(grown nainly in the Eastern and Northern states); rabbiteye (native to the
Sout h), and | owbush (grown primarily in Maine). Highbush and rabbiteye
bl ueberries are identifiable as to variety, and are cultivated in rows. In
contrast, wild blueberries are not identifiable as to variety and grow up
naturally as a transition vegetati on between open field and the forest. WId
bl ueberri es, however, are cultivated in that plants are pruned and the fields
may be fertilized and irrigated to pronote production and nmanaged to contro
weeds, diseases, and insect pests.

Regar dl ess of type, blueberries are |long-lived bushes. Peak production
usually occurs 6 to 10 years after establishnment and, although bl ueberry
bushes can |ive 50 years, a 20- to 30-year life is typical

This report exam nes considerations that are inportant for the
devel opnent of a blueberry insurance policy. It first exam nes the supply,
demand, and price situation for blueberries, and then discusses industry
characteristics. Cultivation and managenent practices are addressed, as are
natural perils, |loss prevention nethods, harvesting, and marketing. The fina
section exam nes insurance issues.

SUPPLY, DEMAND, AND PRI CES

Bl ueberry production in the United States has risen in the |ast 20 years
with the biggest increase being wild blueberry output in Maine (table 1).
Al t hough wi de year-to-year variations occurred, output in Mchigan, New
Jersey, and North Carolina also has risen as well as in the Pacific Northwest.
Hi storical data are not available for nmost Southern States.



Tabl e 1--Bl ueberries: Conmercial
by State, 1973 to date

acreage, yield per acre, production, and season-average grower price,

State
and Acr eage Yiel d per Wilized Wilization Qower price
year har vest ed acre product i on Fresh Processed Fresh Processed Al
Acres Pounds ~ ---------- 1,000 pounds ---------- ------ Cents/pound ------
Al abama
1992 250 800 200 162 38 88.1 75. 4 86.0
1993 90 300 27 96. 3
Arkansas
1992 700 2,570 1, 800 1, 600 200 107.0 50.0 101.0
1993 700 2, 860 2,400 2,000 100 98.5 55.7 96. 4
Florida
1992 1, 200 1, 750 2,100 1,250 850 245.0 81.0 179.0
1993 1, 000 1, 000 1,000 500 500 220.0 40.0 130.0
Georgi a
1992 3, 500 3,430 12,000 3,000 9, 000 108.0 65.0 75.8
1993 3, 700 4,490 5, 500 1, 500 4,000 102.0 27.0 47.5
I ndi ana
1992 750 3,330 2, 500 1, 000 1, 500 77.0 65.0 69. 8
1993 830 3,370 2, 800 1, 400 1, 400 70.0 26.6 48.3
Mai ne 1/
1973 N A N A 22,096 N A 22,096 N A 26.9 26.9
1974 N A N A 18, 566 N A 18, 566 N A 18.5 18.5
1975 N A N A 11, 910 N A 11, 910 N A 26.5 26.5
1976 N A N A 24,908 N A 24,908 N A 31.0 31.0
1977 N A N A 14, 369 N A 14, 369 N A 60. 6 60. 6
1978 14, 800 1, 220 18, 053 N A 18, 053 N A 51.0 51.0
1979 14, 800 1,190 17,575 N A 17,575 N A 36.0 36.0
1980 14, 800 1, 430 21, 190 N A 21, 190 N A 38.0 38.0
1981 17, 300 1, 260 21,747 N A 21,747 N A 42.3 42.0
1982 N A N A 35,925 N A 35,925 N A 52.0 52.0
1983 N A N A 44, 653 N A 44, 653 N A 37.0 37.0
1984 N A N A 24, 684 N A 24, 684 N A 25.0 25.0
1985 N A N A 43,730 N A 43,730 N A 23.0 23.0
1986 N A N A 40, 169 N A 39, 669 N A 30.0 30.0
1987 23, 600 1, 540 36, 300 N A 35, 300 N A 45.0 45.0
1988 N A N A 52,344 N A 51, 800 N A 45.0 45.0
1989 N A N A 26, 800 N A 26, 500 N A 50.0 50.0
1990 N A N A 72,400 N A 72, 000 N A 35.0 35.0
1991 29, 000 1, 355 39, 300 300 39, 000 N A 45.0 45.0
1992 N A N A 84, 200 300 83, 900 N A 43.0 43.0
M chi gan 2/
1973 N A N A 38, 560 4,943 N A N A 34.0 N A
1974 N A N A 33, 100 12,043 N A N A 28.0 N A
1975 N A N A 29, 415 8, 840 N A N A 28.0 N A
1976 9, 700 N A 31,325 8,130 N A N A 41.6 N A
1977 N A N A 11, 800 4,699 N A N A 70.0 N A
1978 9, 000 3, 000 27, 000 12, 500 14, 500 64.4 67.4 66.0
1979 9, 500 3, 790 36, 000 10, 800 25, 200 55.4 40.4 44.9
1980 9, 400 4,360 41, 000 14, 500 26, 500 56.5 31.0 40.0
1981 9, 800 5,310 52, 000 14, 000 38, 000 67.9 44.9 51.1
1982 N A N A 41, 400 14, 200 27, 200 N A 68.0 N A
1983 12, 000 4,095 49, 148 13, 425 35,723 N A 53.0 N A
1984 N A N A 46, 666 20, 484 26, 182 N A 36.0 N A
1985 N A N A 50, 200 19, 100 31, 100 N A 42.0 N A
1986 15, 000 3, 800 57, 000 16, 800 40, 200 N A 51.0 N A
1987 N A N A 56, 100 15, 500 40, 600 N A 53.0 N A
1988 N A N A 43,384 11, 500 31, 900 N A 85.0 N A
1989 16, 000 3, 756 60, 100 18, 300 41, 800 N A 52.0 N A
1990 N A N A 56, 500 21, 500 35, 000 N A 43.0 N A
1991 N A N A 54, 800 15, 000 39, 800 N A 64.0 N A
1992 13, 000 2,620 34,000 10, 000 24,000 115.0 65.0 79.7
1993 15, 500 5,610 87, 000 19, 000 68, 000 75.0 30.0 39.8

See footnotes at end of table.

Val ue of
utilized
product i on

5,944
3,435
3, 156
7,721
8, 708
9,231
6, 336
8, 056
9, 156
18, 681
16, 539
6,170
10, 058
12,452
16, 335
23, 555
13, 400
28, 500
17, 685
36, 206

N A
N A
N A
N A
N A
17, 820
16, 164
16, 408
26, 568
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
27,100
34, 650

--Conti nued






Tabl e 1--Bl ueberries:
by State, 1973 to date

Commer ci al acreage, yield per acre, production,

Yiel d per
acre

Wilized
product i on

Fresh

Wilization
Processed

and season-average grower price,

Qower price
Fresh Processed Al

Val ue of
utilized
product i on

State
and Acr eage
year har vest ed
Acres
New Jer sey
1973 7, 300
1974 7, 500
1975 7,700
1976 7, 600
1977 7,700
1978 7, 800
1979 7, 800
1980 8, 100
1981 7, 800
1982 7,500
1983 7, 800
1984 7,900
1985 7,700
1986 7,900
1987 7, 500
1988 7, 700
1989 7, 800
1990 7,900
1991 8, 200
1992 7, 600
1993 8, 100
New Yor k
1992 320
1993 320
North Carolina
1973 N A
1974 N A
1975 N A
1976 4,200
1977 N A
1978 3, 400
1979 3, 300
1980 3, 000
1981 3, 200
1982 3, 100
1983 4, 000
1984 3,200
1985 3, 200
1986 4, 000
1987 3, 400
1988 3, 600
1989 4, 350
1990 2,900
1991 2,900
1992 2, 800
1993 2,900

3,410
3, 520
2,970
3, 465
2,970
2, 860
3, 000

3,210
3, 590
4, 000
2,949
3,797
5,195
5,063
3,733
3,377
5,128

2,970
3,780
3,030
4,140

2,090
2,090

24,893
26, 400
22, 869
26, 334
22, 869
22,308
23, 397

25,993
28, 000
30, 000
23, 000
30, 000
40, 000
40, 000
28, 000
26, 000
40, 000

23, 500
31, 000
23, 000
33, 500

670
670

13,013
16, 610
16, 214
16, 599
10, 879
11, 418
17, 402

19, 998
20, 700
22,000
18, 000
24,140
31, 000
28, 000
22,000
18, 000
23, 000

19, 000
21, 500
13, 000
25, 000

670
670

11, 880
9, 790
6, 655
9,735

11, 990

10, 890
6, 000

6, 000
7,300
8, 000
5, 000
4, 860
9, 000
12, 000
6, 000
8, 000
17, 000

4,500
9, 500
10, 000
8, 500

N A
N A

2,222
1,210
1,529

209
1, 600
4,025
2,570

—————— Cents/pound ------
44.1 32.7 40.1
40.0 27.3 35.3
44.5 23.6 38.4
49.1 39.0 45. 4
63.6 54.5 58.8
75.0 63.6 69. 4
64.0 44.5 59.0
69.0 34.5 61.0
71.3 47.0 65.0
76.0 59.0 71.2
82.0 70.0 79.4
69.0 35.0 62.0
80.0 42.0 75.6
84.4 49.0 77.4
90.0 52.0 81.9
110.0 82.0 101. 4
93.2 50.0 74.8
90.0 52.0 82.7
84.0 65.0 78.2
104.0 83.0 94.9
87.0 55.0 78.9
88.0 N A 88.0
88.0 N A 88.0
38.6 28.0 N A
41.8 29.5 N A
45.9 24.5 N A
67.3 38.0 N A
58. 2 41.8 N A
71. 4 46.8 58.8
71.2 44.0 62. 1
66. 9 41.6 81.8
84.6 37.0 76.1
98.6 44.0 85.5
92.0 49.2 84.7
95.0 30.0 88.4
125.0 28.0 123.8
103.0 32.0 95.2
122.2 37.5 80.3
111.0 44.0 88.8
93.5 38.0 82.4
115.0 25.0 109.0
103.0 32.0 82.0
107.0 47.1 90.0
109.0 34.1 89.0

9, 994
9,317
8, 786
11, 947
13,454
15, 482
13, 806

15, 870
18, 201
21, 360
18, 260
17,980
25, 688
23, 216
22,920
26, 360
29, 936

19, 440
24,235
21, 820
26, 425

590
590

See footnotes at end of table.

--Cont i nued



Tabl e 1--Bl ueberries:
by State, 1973 to date

Commer ci al acreage, yield per acre, production,

Yiel d per
acre

Wilized Wilization
product i on Fresh Processed

Fresh

and season-average grower price,

Qower price

Processed

State

and Acr eage
year har vest ed

Acres
QO egon
1973 N A
1974 N A
1975 N A
1976 275
1977 N A
1978 450
1979 500
1980 550
1981 580
1982 620
1983 700
1984 750
1985 800
1986 900
1987 1,200
1988 1, 300
1989 1,370
1990 1, 450
1991 1,550
1992 1,800
1993 1,900
Washi ngt on

1973 800
1974 800
1975 800
1976 800
1977 800
1978 800
1979 800
1980 800
1981 800
1982 900
1983 900
1984 800
1985 800
1986 800
1987 900
1988 1, 000
1989 900
1990 850
1991 900
1992 1,200
1993 1,200

1,063 N A N A
1, 300 N A N A
1,200 N A N A
1, 600 N A N A
1, 500 N A N A
2,250 750 1, 500
2,900 1, 000 1, 900
3, 000 1, 400 1, 600
3, 500 1, 900 1, 600
3, 500 2,000 1, 500
5, 250 2,450 2,800
4,500 2,300 2,200
5, 200 2,900 2, 300
6, 057 N A N A
9, 228 N A N A
10, 218 N A N A
11, 220 N A N A
11, 455 N A N A
12,516 N A N A
15, 500 4,500 11, 000
16, 000 6, 000 10, 000
5,180 1,450 3,730
4,080 1,710 2,370
4,512 1, 440 3,072
4, 000 1, 090 2,910
4, 096 642 3,454
4,824 928 3, 896
4,792 1,373 3,419
5, 100 1,765 3,335
4, 600 2,036 2,564
6, 120 1,620 4,500
7,200 2,250 4,950
4, 800 1, 700 3, 100
5, 500 2,100 3, 400
2,900 1, 100 1, 800
6, 000 2,400 3, 900
6, 900 1, 800 4,700
6, 300 2,100 4,200
6, 290 1, 300 4,990
4, 950 1, 250 3, 700
8, 160 1, 960 6, 200
6, 720 2,020 4,700

N A
N A
108.0
80.5

36.
41.
41.
45,
56.
68.
67.

WA WU 0w oo

61.
69.
72.
73.
64.
79.
81.
81.
83.
82.

O I NORL, MO

N A
N A
N A
N A
N A
67.0
46. 6

29.
49.
69.
62.
35.
52.
N A
N A
N A
N A

0O OO0 vWw

N A
N A
65.0
35.5

34.
28.
28.
40.
60.
63.
49.

R Wo oA

51.
53.
69.
60.
42.
52.
62.
60.
73.
62.

OO ~MhUTOOU P MO

Val ue of

utilized
Al product i on

—————— 1,000 dol l ars

N A N A
N A N A
N A N A
N A N A
N A N A
66.0 1,485
53.5 1, 550
47.0 1,410
61.9 2,166
68.1 2,385
67.6 3,549
51.4 2,311
55.3 2,876
66.7 4, 040
60. 1 5, 550
75.5 7,707
68.7 7,708
60. 6 6,942
64.8 8, 115
77.5 12,010
52.4 8, 380
34.9 1,808
33.8 1,379
32.9 1, 484
41.9 1,676
59.7 2,445
64.1 3,092
54.8 2,627
54.7 2,788
60.5 2,782
70.0 4,283
64. 4 4,637
49.8 2,390
62.9 3, 462
69.7 2,022
68.4 4,312
75.9 4,932
68.7 4, 326
59.1 3,720
68.1 3,370
70.7 5771
50.7 3, 409

N A = Not avail abl e.
1/ Maine produces wild blueberries, other States cultivated. 2/ Includes snall

Sour ces:

Oregon Agricul tural

Washi ngton Agricul tural Statistics,

Statistical

Servi ce,

USDA

Record, various years,

Statistics,

USDA and VMshi ngton Agri cul tural
North American Bl ueberry Council;

USDA and O egon Agricul tural

amount from | ndi ana,

Statistics Service, Oegon Dept.

prior to 1992.

of Agriculture;

Statistics Service, Washington Dept. of Agriculture;
Noncitrus Summary, various years, National Agricultural

Statistics



The rise in output is due partly to nore area in blueberries. Harvested
acreage in the 1990's is higher than in the 1970's, especially in M chigan
Oregon, and Washi ngt on.

Ri sing yields also account for part of the increase in output. USDA
data on yields per acre indicate that average yields in Oregon have increased
by nearly 50 percent in the 10 years between the 1978-80 average and the 1988-
90 average. Yields in the mgjor producing areas of M chigan and New Jersey
have remai ned nore stable. USDA has been collecting data on yields in the
newer produci ng areas of the South for only 2 years. USDA does not coll ect
data for several of the southern States, including M ssissippi

Yield variability accounts for nopst of the year-to-year variability in
production. In New Jersey, for exanple, the state average yield ranged from
| ess than 3,000 pounds an acre in 1990 to nore than 5,000 during the md-
1980's. And, in North Carolina, the state average yield ranged from 530
pounds an acre in 1985 to 5,170 in 1993. Yield variability on individua
farms woul d be substantially |larger than the state averages.

While nuch of the growth in acreage in the late 1970's and early 1980's
was in the traditional growi ng areas, in recent years, planted acreage has
i ncreased substantially in the South and the Pacific Northwest. |In the deep
Sout h, blueberries ripen earlier than in other states, providing growers with
a marketing opportunity early in the season when prices are at high |evels.
In the Pacific Northwest, sonme growers have found that blueberries offer the
potential for higher returns than do other berry crops (31).

In the future, blueberry acreages are expected to continue expandi ng.
I ndustry estimates project that North American (Canada and the United States)
bl ueberry acreage may grow by another 10,500 acres, or by about 20 percent, by
the end of the decade (31).

Bl ueberries are marketed through domestic and export channels. |In 1992,
about 30 percent of the total U S. crop was exported, with the remaining 70
percent used donestically (26). About 20 percent of donestic use is for the
fresh market.

Fresh berries are sold, typically in 1-pint containers, fromroad-side
stands or in supermarkets. U pick markets also exist in many states, being
nore inmportant in states with small er acreages.

Berries used for processing represent about 80 percent of donmestic use.
Processed uses include fruit fillings, bakery products, muffin nixes and
canned uses, consuner frozen retail, baby food, yogurt bases, preserves, and
juice drinks. The nost inportant of these categories in ternms of volune is
t he bakery category.

Fresh bl ueberry prices generally are at their peak at the beginning of
the season (April through md-May) when Florida is the only shipper (table 2).
Prices usually drop sharply sonetine during the second half of My when
berries from North Carolina cone on the nmarket, and trend downward through



Tabl e 2--Blueberry Prices:

Fob, sel ected shi pping-points, $/ 12 1-pint trays

10. 50

13.01

12.94
13.50

10. 50
10.14 10.42
10.81

14. 00
13.00 13.06
14. 05

13.78
11.60 11.91
9.75 10.87
13.00

10. 50
10. 28
10.81

13.51
13.03
14. 05

13. 36
12.34
10.31
13.00

JWN

JUN

15.17 16.00
14.50 16.50

18.25 15.30
12.00

34.90
20.40 21.58
13.18 13.10

16. 50
10. 69

12. 84
9.94

14.10
12.85
11.63

11. 20
10. 63
13.38

12. 45
10. 50
14.53

14.09
14. 00
19.43

15. 59
15. 83
10. 95
10. 63
13. 38

1991

16. 78
12.43
10. 22
14.53

1992

34.90
20. 99
13. 46
13. 47
12.82
19. 43

10



June and July, reaching a | ow point during August when M chigan reaches full -
vol une producti on.

Fresh market prices are determned primarily by the volume of berries
available in the market. |In contrast, processing prices depend on carryover
stocks, as well as current supplies of berries for processing. Blueberries
for fresh-market use usually sell for a prem um over berries for processing.
Growers have higher costs for harvesting and packing fresh market berries than
those used for processing.

| NDUSTRY CHARACTERI STI CS

Several industry characteristics my affect the potential demand for
crop insurance. Anpng these are: 1) the degree of specialization anpong
enterprises on the farm 2) the amount of inconme diversification anong farm
i ncome and off-farm enpl oynent, and 3) the extent of the use of irrigation as
a protection against drought and early spring frosts. The primry data source
provi ding i nformation on industry characteristics is the 1987 Census of
Agriculture (see Appendices 1-4 for nore detail).

The Census reported 3,911 farns with sales of cultivated blueberries in
1987. Mpst of those farms received relatively little income from bl ueberries,
wi th about 75 percent reporting a total value of blueberry sales of |ess than
$25,000 (43). In addition, 501 growers reported sales of wld blueberries,
nostly in Mine.

Interviews with blueberry specialists in several states indicate that
the | argest producers tended to specialize in blueberries and are often
| ocated in Maine, New Jersey, and the Pacific Northwest (49, 30, 39). Quite a
nunber of farns with blueberry sales in 1987 also had sal es of other crops,
especially fruit and vegetable crops. Several very large operations are
vertically integrated and provide packing, grading, and processing services
for smaller growers in the area. However, these operations appear to
represent a relatively small portion of the growers in the industry as a
whol e.

Census data suggest that snall blueberry producers often have off-farm
sources of income. Farmi ng was the occupation of the operator on 50 percent
of all blueberry farns in 1987, but 59 percent of the reporting farns
i ndicated that the operator worked off-farmduring part of the year (43). In
M chi gan, for exanple, 386 of the 711 bl ueberry growers reported working off
the farmat |east 1 day.

Census data indicated quite a bit of irrigated blueberries in the mjor
bl ueberry states in 1987. Interviews with University blueberry specialists in
M ssi ssi ppi, New Jersey, Florida, North Carolina, and Maine indicated that the
| arger comrercial growers are noving even nore to irrigation to boost yields
and as a strategy to reduce the risk of crop |loss due to early spring freezes
(5, 30, 19, 21, 49). As a result, the 1992 Census of Agriculture is likely to
show even a | arger percent of irrigated blueberry acreage than in 1987.
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In terns of ownership structure, individual or famly ownership was the
nost frequent type of organizational arrangenment anmong all blueberry farns in
1987, particularly among farnms with sales of |ess than $100,000 (43).

Part nershi p arrangenents or a corporate arrangenent (either famly held or
other) were nore typical anong the larger farns than anong the small er ones.
Thirty-two of the farnms growi ng bl ueberries and with sales of $500,000 or nore
in 1987 reported a corporate-type organi zational structure.

CULTI VATI ON AND MANAGEMENT PRACTI CES

Recommended cul tivation and managenent practices provide information on
the conditions and procedures necessary to nmaintain high yields. Care
requi renents also provide an indicator of the potential for noral hazard.
Because the different types of blueberries require different clinmtes and
growi ng conditions, this section is organi zed by bl ueberry type--highbush,
rabbi teye, and | owbush. Blueberry cultivars, by type, and cultivars grown in
i ndi vidual states are presented in tables 3 and 4.

Hi ghbush Bl ueberri es

"Hi ghbush" blueberry is a termapplied to several species naturally
occurring in the eastern coast of North Anmerica from Nova Scotia and southern
Quebec west to Wsconsin and south to extrene northern Florida and
sout heastern Al abana. Hi ghbush bl ueberries range in height from5 to 23 feet
(9). Highbush blueberry cultivation is concentrated in southeastern North
Carolina, New Jersey, and southwestern M chigan. Lesser acreages are |ocated
i n Washi ngton, Oregon, Massachusetts, New York, and Indiana. |n recent years,
sout hern hi ghbush varieties (cultivars) have been devel oped that grow as far
south as central Florida

Tenperature is a primary factor determ ning hi ghbush-grow ng areas.

Most varieties have winter chilling requirements in which plants need at | east
900 to 1,000 hours bel ow 45°F. Sout hern hi ghbush varieties in Florida and
along the Gul f coast, however, may have chilling requirenments as low as 200 to

300 hours bel ow 45°F. M ninum wi nter tenperatures deternine the northern
limt of the highbush range. Tenperatures bel ow -15°F to -20°F damage

fl owerbuds and reduce yields (9, p.289). As a result, the northern boundary
of the highbush production is Southern Miine and central M chigan

Hi ghbush pl ants grow best and bear the best-quality fruit when planted
in full sunlight. They require a growi ng season of at |east 160 days.
Preferable soils are well-drained, sandy loans with a pH of 4.5-5.2, and at
| east 3 percent organic matter (8, p.286). Heavy clay soils should be avoi ded
(8, p.135). If soils are not well-drained, canals, ditches, or tiling may be
required. Since blueberries are shallowrooted and require adequate soi
aeration, poorly-drained soils may be nounded to provide raised rows.

Growers usually plant 2- or 3-year old nursery stock. Spring planting

is advised to reduce | osses to young plants due to heaving during the winter.
The traditional row spacing, when nmachi ne harvesting was not as conmon, was
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Tabl e 3--Blueberry cultivars and percent of area in North America,

1992
Cul tivar % of Tot al Cul tivar % of Tot al
HI GHBUSH 80. 5% RABBI TEYE 18. 0%
Bl uecr op 32. 9% Ti f bl ue 8. 4%
Jersey 16. 2% Cl i max 4. 3%
Weynout h 5.3% Bri ght wel | 1.5%
Cr oat an 5.1% Prem er 1.0%
Bl uer ay 3. 9% Wbodwar d 0.8%
Elliott 3.8% Delite 0.5%
Rubel 2. 9% Powder bl ue 0.5%
Ber kel y 2.2% Ali cebl ue 0.5%
Bl uetta 1.8% Beckybl ue 0.5%
Patri ot 1.1% Honmebl ue 0. 0%
Earli bl ue 1.0%
Duke 0. 9% SOUTHERN HI GHBUSH 1.5%
Nor t hl and 0. 7% Shar pbl ue 1. 1%
Col l'ins 0. 6% O Neal 0.3%
Mur phy 0.5%
Coville 0.5%
New Mur phy 0. 4%
1613A 0.3%
Bl uej ay 0.2%
Nor t hbl ue 0.1%
Spart an 0. 0%
Nort hcountry 0. 0%
Dar r ow 0. 0%
Nor t hsky 0. 0%
St. Cloud 0. 0%
Sour ce 22.
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Table 4--Cultivated Blueberry Varieties by State

State Variety (% of planted acres)
M chi gan Jersey (40% Bl uecrop (30%
New Jer sey Bl uecrop (50% Weyrnmout h (30%
Georgi a Ti fblue (44% Climx (24%
North Carolina Croatan (60% Mur phy (6%
Fl ori da Shar pbl ue (25% Climx (20%
Or egon Bl uecrop (30% Ber kel ey (25%
New Hanpshire Bl uecrop (20% Bl ueray (20%
Texas Ti f bl ue (50% Climx (25%
Ar kansas Bl uecrop (70% Collins (12%
New Yor k Bl uecrop (40% Bl ueray (20%
Washi ngt on Bl uecrop (25% Jersey (15%
M ssi ssi ppi Ti fblue (40% Prem er (20%
Massachusetts Bl uecrop (33% Ber kel ey (25%
I ndi ana Jersey (37% Bl uecrop (23%
Pennsyl vani a Bl uecr op Patri ot
Al abama Ti fblue (60% Climx (20%
Loui si ana Ti fblue (60% Climx (25%

Mat ur e hi ghbush pl ants nust
pronmot e new shoot devel opnment,

Al t hough hi ghbush plants are self-pollinating,
fruit set are obtained with cross-pollination.
are often alternated with rows of another
The use of multiple cultivars also hel ps protect from
and hel ps spread out
VWhen wild bees are
generally at the rate of 1-2

As a result,

cul tivar that

be pruned each year to obtain the best-
and enhance plant vigor.

larger fruit and better
rows of one
bl oons at

Generally, canes that are nore than 4 years old are renoved, and weak shoots
on the younger canes are cut back to a strong lateral. Pruning is normally
performed in the dormant nonths.

During the first 2 growing seasons in the field, pruning involves
removing all flower buds to pronpte vegetative growh. A small crop is
usual |y harvested during the third growi ng season (9, p.290). Plants
generally reach maturity and achi eve their maxi num bearing potential between
the seventh and tenth growi ng season

Hybri di zati on progranms are underway to devel op inproved hi ghbush
cultivars. Mjor objectives of this work include greater w nter hardiness,
greater drought and di sease resistance, and adaptation to mechanica
harvesting (8). Objectives in the Southern states include the devel opnent of
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cultivars that ripen earlier and that have greater resistance to bud mtes and
fungus di seases (8).

"Sout hern hi ghbush" cultivars have been devel oped in recent years by
hybri di zati on of highbush cultivars and rabbiteye species native to the South.
These cultivars have a lower chilling requirenment than the northern hi ghbush,
and include 'Flordablue,' 'Sharpblue,' 'Avonblue,' and other varieties (9, p
283). They have flavors and textures superior to those of the parent species.
Al t hough they bl oom at about the tinme as rabbiteye cultivars, they ripen
earlier, providing berries in late April and early My, before berries are
avail abl e from other established production areas (8, p. 32).

Rabbi t eye Bl ueberries

Rabbi t eye bl ueberry cultivars can reach heights of 33 feet, but are
pruned to manageabl e heights in comercial plantings. Rabbiteyes are
di stinguished by their tolerance of a wide range of soil pH levels and
tenperatures, their inherent drought resistance, and their short chilling
requi renent (9, p.274). Native to Georgia and northern Florida, the rabbiteye
bl ueberry grows vigorously during hot sunmers and produces crops as far north
as central Al abama, M ssissippi, and coastal North Carolina.

Rabbi t eye bl ueberry cultivars require only one-third to one-half as many

chilling hours as highbush blueberry cultivars. |In the Southeastern U.S., the
nunber of required chilling hours bel ow 45°F nmay be as | ow as 250 (9, p.319).
Addi tional chilling beyond the required hours tends to raise the ambunt and

rate of floral bud break and pronote early bl oom

Rabbi t eye bl ueberries grow well on various soils, but prefer |ight,
wel | -drained soils with a pH between 4.2 and 5.5. They have a fibrous root
system that penetrates nore deeply than does the highbush root system
although it is still relatively shallow. Soil drainage is inportant, and the
use of drainage ditches or raised beds may be necessary in poorly drained
areas. Since nost soils used for blueberries in the South are low in organic
matter, peat noss is frequently added to inprove soil structure and increase
wat er hol di ng capacity.

Rabbi t eye bl ueberries can be planted at any tinme during the dornant
season. Wthin the row, plants are usually spaced 5 to 8 feet apart, and from
12 to 14 feet apart between rows (9, p.321). Although rabbiteye plants are
general ly nore drought tolerant than highbush cultivars, nany areas in the
South do not have a rainfall distribution that nmaxinizes yields. |Irrigation
is recomrended, and is often installed at planting tine.

The rabbiteye has a simlar fruiting habit to highbush blueberries,
whi ch produce fruit from buds on one-year-old wood. Buds are initiated during
the | ate summer nonths, and bud devel opnent proceeds throughout the fall and
winter. Due to the vigor of rabbiteye blueberries, plants pruned i nmediately
after harvest (generally in md-July) can produce new wood and initiate flower
buds during the sumer, thus producing fruit the foll owing year (9, p.322)
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In general, rabbiteye blueberries have sone degree of self-
inconpatibility in pollination. As a result, it is recormmended that growers
plant two or nore cultivars to aid in pollination. Cross-pollination results
in an increase in berry size and seed content, and earlier ripening dates.
Many growers alternate cultivars every two rows.

Since rabbiteye plants can produce a |large crop and a | arge nunber of
new shoots at the same tinme, little annual pruning is required. Pruning is
used mainly to keep bushes from becom ng too dense and tall

The little information that exists on fertilization suggests that
rabbiteye cultivars respond | ess than do hi ghbush cultivars. For instance,
studies from Georgia indicated that two rabbiteye cultivars did not respond to
fertilization over a six-year period. Another study provided sinmilar results,
indicating that the cultivar 'Tifblue' did not respond to fertilizer during
five years of growmh. Higher fertilizer levels increased the amunt of
unmar ket abl e fruit and pruned wood, and the tinme required for grading (9,

p. 321).

Desirabl e rabbiteye characteristics include their high yields, |arge
fruit, early-bearing nature, and adaptation to machi ne harvesting. However,
research indicates that the performnce of a given cultivar can vary widely
fromone state or area to the next.

Lowbush Bl ueberries

Lowbush bl ueberries fill an ecol ogical niche between the field and
forest which is artificially maintained by periodic burning or nowing to
control weeds and conpeting vegetation. Mst |owbush blueberries are nmanaged
under a 2-year cycle. To maxim ze production, fields are pruned (burned or
nmowed) every two years. Pruning kills stens to about one-half inch above the
soil, and can be done either in the fall or spring. |If burning is used,
either oil, propane, or strawis used as a fuel. Pruning is not done on
stands of plants where growh has started (9, p.305).

The first year after pruning, shoots arise fromthe rhizonmes or from
| ower portions of the plant that survived the pruning. Shoot growth begins in
m d-May in southern Maine and continues until a black tip forns at the end of
the shoot in early June (for year-old shoots) and early July (for new burn).
This black tip signals a change from vegetative growmh to one of flower bud
formation. Flower buds continue to develop through | ate sumer and early
fall, provided that tenperatures renmain above 46°F.

Fl owers and berries appear the second year after pruning. Flowering is
generally in advance of vegetative growh or at about the same tinme. In
southern Maine, flowering occurs in md- to late May, while in Washi ngton
County, Maine, it is usually 1 to 10 days | ater

Hi storically, fire was used as the main pruning nethod. However,
repeat ed burning caused destruction of the organic pad and exposure of
rhi zomes. Mw ng was found to produce equival ent yields w thout danaging the
organic pad, and is less costly than using oil or straw. As a result, growers
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have wi dely adopted the nmowi ng method (49). Budgets indicate that burning can
account for 75 percent of annual |owbush costs of production.

Pruni ng by burning does, however, provide sone advantages. |t renpoves
conpeting growh of other species, and reduces the incidence of certain
i nsects and di seases that occur in the leaf litter. Favorable weather can
| ead to outbreaks of such pests in mowed fields, necessitating periodic
burning for control (49).

Lowbush plants are pollinated by insects, with pollination supplenented
at tines by bee hives brought in by growers. Since |owbush blueberries are
highly self-sterile, it is necessary for the pollen of one cultivar to be
pol li nated by anot her genotype. This is not a managenent problem however,
because harvesting to date has been from native stands consisting of numerous
species. Between four to six days of warmtenperatures are required for
fertilization to occur, and 70 to 90 days for berry devel opment. Harvesting
is usually during August and ends with the first frost in the fall

Al t hough irrigation has been found to increase yields, it is used by
relatively few growers during the bearing year. |Irrigation in the nonbearing
years results in greater bud formation, which could | ead to increased yields
in the bearing year. The feasibility of irrigating non-bearing fields is
bei ng eval uated currently (49).

Lowbush pl ants do not consistently respond to fertilization. Generally,
yield increases due to fertilization are reported in fields where weed contro
was not practiced. By renoving weed conpetition for nutrients, many fields
appear to be receiving adequate levels of nutrients by nmineralization of soi
organic matter. Leaf tissue analysis is recomended as a guide to the need
for fertilization, rather than the historical practice of fertilizing every
burn cycle (49).

NATURAL PERI LS AND LOSS PREVENTI ON METHODS

This section provides information on the natural perils that are nost
likely to result in indemities if a blueberry policy is offered. Because the
perils affecting yields vary by type of blueberry, the discussion is divided
into three parts--highbush, rabbiteye, and | owbush. The nmajor perils by state
are summari zed in table 5.

Hi ghbush Bl ueberri es

In states east of the M ssissippi River, weather factors are ranked as
the nost inportant perils affecting highbush blueberry yields. 1In contrast,
bl ueberry specialists in the Pacific Northwest noted that pests and di seases
were relatively nmore serious threats to blueberry production than weat her-
rel ated perils.
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Tabl e 5--Major Natural Perils Faced by H ghbush G owers

State Ranki ng of Perils
M chi gan #1- - Frost danmge; #2--Cold damage;
#3- - Drought
New Jer sey #1- - Frost danmmge; #2--Drought;

#3--Col d damage; #4--Di seases

#1- - Frost danmmge; #2--Drought;
North Carolina #3- - Excess npoi sture at harvest;
#4- - Di sease; #5--Ilnsects

Oregon #1--Birds; #2--Di seases;
#3--Rain at pollination; #4--Frost damage

Sour ces: 41, 30, 21, 38

Frost Dammge--According to blueberry specialists, spring frost damage is
the nost inportant peril faced by highbush growers in M chigan, New Jersey,
and North Carolina. For instance, a June frost in Mchigan in 1992 severely
affected that state's crop for the year (41). Oher states report simlar
experi ences.

The yield | oss caused by spring frost depends on the stage of bud or
fl ower devel opnent and the severity of the freeze. Research indicates that
fully open highbush buds can be killed at 30°F. Buds that are less than fully
open tol erate sonmewhat | ower tenperatures. However, bel ow 24°F, severe danmage
can occur to closed highbush buds that are nearly open (9, p.285).

Frost that does not conpletely kill the flower or fruit often results in
reduced quality. Damage to a flower part, such as the pistil or stanmen, my
result in a reduction in fruit set or the size of the berries. Frost damage
may al so reduce quality through scarring, as cold tenperatures can cause a
brown ring around the calyx of the berry that subsequently beconmes the site of
splitting given wet weat her near harvest.

Early-bloom ng cultivars are the nost prone to frost damage (8, p.50).
This is because they have the greatest nunber of flowers at an advanced stage
when frosts are nore likely (8, p. 50). Research on highbush cultivars has
found that the flower buds of 'Concord" and 'Rubel' suffered the |east frost
damage. In contrast, Southern highbush cultivars, which bear early in the
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season, offer a greater potential for early frost damage than regul ar hi ghbush
cultivars. |In North Carolina and M ssissippi, |ess than 5 percent of the
acres are planted to Sout hern highbush, although acreage is expected to expand
(21, 5). Southern highbush cultivars appear relatively inportant in Florida.

Overhead sprinklers are the nost effective nethod of frost protection,
but are somewhat expensive to install and require a | arge volunme of water
Overhead sprinkler protection is derived fromthe continuous application and
freezing of water, which produces heat. If no wind is present, protection is
provi ded to 23°F to 25°F.

Air mxing, which is achieved by creating heat and/or wind currents,
al so provides frost protection. This technique is effective only if a warner
| ayer exists 50-200 feet above the ground, and may be acconplished through the
use of helicopters or by building fires throughout the planting. Although
fires generate heat, the primary effect is through the m xing caused by heat -
generated air currents (6).

In contrast to the eastern and southern states, highbush growers in the
Paci fic Northwest appear to have less of a problemw th frost danmage. Reports
fromthat area indicate no significant frost danage or cold damage (see
section on cold danage) in the past ten years (38, 7).

Col d Danmge- - Al t hough hi ghbush cultivars tol erate severe tenperatures,
winter injury is not unconmon in northern states such as M chigan and New
Jersey. Cold danage does not appear to be an issue in North Carolina or other
parts of the South, nor is it a problemin the Pacific Northwest.

Col d danage occurs when | ow winter tenperatures kill dormant fl ower
buds, reducing yield potential the follow ng season. The hi ghbush pl ant
undergoes a | engthy hardeni ng peri od, and begi ns dehardeni ng when cold
tenperatures are still common. Highbush cultivars in New England were found
to harden nost quickly between Septenber and October, and to reach maxi mum
hardi ness in |ate January (8, p.45). Dehardening began soon after late
January. An industry source indicated that approximately the sane dates were
critical in Mchigan

As a general rule, highbush buds obtain their maxi num col d hardi ness
during January, when they can tolerate tenperatures as |ow as -15°. Buds
than have not fully hardened, or those that have begun to deharden during the
post-rest period, may be damaged by | ess severe tenperatures (9, p.285).
Because of the hardening pattern, |ow tenperatures in Decenber and February
may be nore injurious than | ow tenperatures in January. A Mchigan industry
source indicated that fluctuating tenperatures, even in March and April, were
a significant peril (41).

Research indicates that cold tol erance depends on cultivar, and that
"Northland,' "Jersey,' 'Herbert,' and 'Bluecrop' are the nost col d-hardy
hi ghbush cultivars (8, p. 49). The position of the bud on the twig is al so
i mportant (8, p.49). Basal flowers are hardier than termnal flowers. As a
result, cultivars with many fl ower buds per branch, such as 'Jersey,' provide
growers with nore protection against a conplete crop | oss.
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Stemtissue is nore cold tolerant than bud tissue, although the degree
of hardening is again inmportant (8, p.285). Hardened wood in January can
wi t hstand tenperatures of -20°F. Prolonged periods below this tenperature can
result in root destruction, particularly in the absence of snow cover. |If
severely cold tenperatures occur over several years, highbush canes can
"acclimte," and becone tol erant of successively |ower tenperatures.
General ly, however, nobst highbush cultivars are not hardy north of southern
Mai ne and central M chigan (9, p.285).

Drought - - Bl ueberries are susceptible to drought because they are
shal |l ow-rooted plants. Highbush plants generally require a mninumof 1 inch
of water every week during nost of the grow ng season (37, 20, 6). This
requi renent increases to 1.5 inches per week during berry devel opnent, from
fruit set to harvest (8). New y-established plants have the nost critica
wat er needs.

Si nce many bl ueberries are grown on sandy soils, noisture nust be
carefully distributed to nmeet mninum weekly requirenments (8, p.147).
Extension literature in nearly all states strongly recommends irrigating
commerci al blueberry acres. Irrigation not only results in higher yields and
| arger berries, but also |owers susceptibility to diseases and insects, |owers
the risk of fertilizer damage, and results in greater bud formation the
foll owi ng year.

Because irrigation is commonplace in nmany states, drought was nentioned
as a peril only in Mchigan, North Carolina, and parts of New Jersey, and
generally was not a #l-ranked peril. The inportance of irrigation in a
particul ar area depends on soil type, the |ikelihood of rainfall spread out
over the season, and other factors.

The Census of Agriculture provides information on the relative
i mportance of irrigation to various states in 1987. Although the use of
irrigation has |ikely increased since that tinme, it provides a rough
i ndicator. According to the Census, about 50 percent of cultivated bl ueberry
farms (46 percent of harvested acres) were irrigated in 1987, up from 33
percent of farnms (35 percent of harvested acres) in 1982 (Appendix table 1).

Excess Mdisture and Fl oodi ng--For highbush plants, neither of these
perils were ranked highly by extension and industry contacts. One nention was
by a M chigan source, who noted that flooding | ast sumrer caused reduced
yields (41). Further, excess noisture, as noted by a North Carolina source,
can keep growers out of the field and cause the berries to over-ripen (21).

Al t hough contacts provided little information on this peril, research
i ndi cates that highbush plants may be nore flood-sensitive than rabbiteye
plants (8, p.58). Highbush plants can withstand extended periods of flooding
during the dormant stage, but not during the growi ng season. G eenhouse
studi es have found that physiol ogi cal processes decreased significantly in
hi ghbush plants after 4 days of flooding. The plants required at |east 18
days to recover to their pre-flooding characteristics (8, p. 58).
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Pol i nati on seasons characterized by cold, rainy weather were al so
ranked as a peril to blueberry production. This peril results in the
potential for partial crop | oss, but does not usually cause a total crop
failure.

Hail--Hail is a mnor peril to npbst growers, although those who are
af fected can have their crops devastated. Extension specialists indicate that
hail generally affects I ess than 5 percent of the blueberry crop in nost
states. This situation also was noted in rabbiteye and | owbush areas.

Di seases- - Hi ghbush bl ueberries can be affected by several funga
di seases, stem cankers, and viruses. Diseases rank relatively high as perils
in the Pacific Northwest, but are sonewhat |less inportant in the eastern
United States.

A particular problemin the Pacific Northwest, as well as other areas,
is botrytis blight, a fungal disease of blossons and tw gs during prol onged
rainy springs (39). Blossons are the npst susceptible tissue, and turn brown
after a few days of high relative hum dity when the disease is present. This
di sease is beconming increasingly resistant to chenmicals in the Northwest.

Anot her serious fungal diseases is "mumry berry disease," which is
characterized by dried-out (nunmfied) fruit at harvest. Al comrercia
hi ghbush cultivars are susceptible to the fruit-infection phase of this
di sease. Pepin and Tons estimated an average fruit |loss of 8-10 percent due
to mummy berry disease in a normal year; Pepin and Ornrod found it could be
over 50 percent in areas where air circulation is poor and no control neasures
are in place (8, p.181). It is a particular problemin the Pacific Northwest.

Most hi ghbush cultivars are susceptible to Phytophthora root rot, a
fungal disease which is often associated with wet soil and poor drainage (8,
p.191). It can cause spring growth to wilt and die back as a result of
extensive root damage (8, p.191). This disease was first identified in New
Jersey in the early 1960's. In the mid-1960's, a survey of 40 bl ueberry
plantings in North Carolina indicated that 40 percent were infected with
Phyt ophthora. It can also be a serious problemin Arkansas, the Pacific
Nort hwest, and other areas (8, p.191).

Stem canker is a serious fungal disease that weakens and kills canes
over several growi ng seasons. It is the major linmting factor to hi ghbush
bl ueberry production in North Carolina, and is a problemin the Pacific
Nort hwest. The only practical means of control is the use of canker-resistant
cultivars that have been devel oped for the region. A variety of other stem
di seases exist, including Phonopsis canker, a serious disease of blueberries
in southern M chigan and northern Indiana (8, p.189).

The principal viruses affecting highbush blueberries are blueberry stunt
di sease, red ringspot, nosaic, and shoestring. Generally, control is through
destruction of virus-infected plants (9, p.294).

Fruit rots, which include anthracnose and gray nmold rot, are conmon
post - harvest di seases. Anthracnose decay results in an unsightly orange nold
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on the berry, and has becone an inportant econom c di sease, particularly in
New Jersey, M chigan, and the Pacific Northwest. Synptons nay not be seen
until after harvest. Gay mold rot produces a soft, watery decay foll owed by
t he devel opnment of grayish-white nyceliumon the berry surface. Recent
increases in the presence of fruit rots can be traced to the rise in "wet
scar" damage caused by a shift from hand harvesting to nmechani cal harvesting
in many areas (8, p.193.).

I nsects--lInsects affecting blueberry plants can be differentiated by the
part of the plant that they attack. The mmjor predator of highbush buds and
bl ossonms in the East is the blueberry bud nite, which can be a problemin
North Carolina due to its mld climte (9, p.293). Heavy infestations can
kill buds and reduce yields. Insects can also be a problemin the Northwest
(39). However, specialists did not generally rank insects as a serious peril

The major fruit-destroying insect to plague highbush blueberries in the
eastern U.S. is the blueberry naggot or mite. Presence of the larva often
remai ns undetected until the blueberries are marketed, by which tinme nmaggoty
berri es beconme nushy (8). Oher berry-eating insects include the plum
circulio, which bores into the center of the fruit, leaving a prematurely-
ri pened berry that drops to the ground.

O the foliage-eating insects that attack the highbush blueberry, the
nost serious is the sharpnosed | eaf hopper. Control neasures are occasionally
needed in New Jersey (9, p.293). Although this insect does little visible
injury, it transmits a pathogen that causes stunt di sease. Leafm ners, |eaf
tiers, and leaf rollers have little econonic inpact on yields.

I nsects can al so attack stens, crowns, and roots of the blueberry plant.
Scal e insects feed on the plant's sap, and can result in reduced yields and
shorten the |ife of the bush (8). It requires occasional control
particularly in New Jersey and the Pacific Northwest.

In the Pacific Northwest, aphids can be a particular problem They
weaken and stunt new shoot growth by removing plant sap (39). Chemical use is
recommended early in the year, before popul ations have stunted the plants.

Birds and Mammal s--Bird damage to hi ghbush plants depends | argely on the
abundance of birds, the |location of blueberry plants near vegetation
attractive to birds, and a lack of alternative food. |I|solated plantings near
woodl and are the npbst susceptible. Bl ueberry specialists in Florida and the
Paci fic Northwest noted that birds were a serious problem They estimated
that 10 percent of the crop is destroyed by birds each year in the Northwest
and that individual growers can experience |osses up to 60 percent or nore due
to bird depredation (38).

Overhead netting is the nost effective nethod of protection. Sone
growers install 8-9 foot posts and overhead wires to support the netting (37).
Netting is generally installed before the berries begin to ripen and is
renoved after harvest. |In some cases, high-density plantings are being
i nvestigated to not only increase yields, but to also aid in efficient use of
netting.
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Vi sual and auditory devices are also used as protection from birds, but
are less reliable than netting. Birds soon lose their fear of visual devices
such as balloons and streamers. Noisenaking repellents (those that produce
expl odi ng noi ses or that give off bird distress calls) are sonewhat nore
effective, but less so than netting (37). Noisenmeking repellents in
combi nation with personnel on a notorized vehicle in the field chasing birds
at all tinmes during daylight hours has proved effective in reducing |osses in
Fl ori da.

Deer may find blueberry buds, fruit, and young shoots attractive. In
areas of New Jersey, plantings nust be fenced because of the | arge deer
popul ation (8, p.169). Mmmal problens are also common in the Pacific
Nort hwest where rabbits, gophers, and field mce can cause problens by eating
t he buds and young shoots (39). Chemical repellents are commonly used for
protection.

Rabbi t eye Bl ueberri es

The major peril facing rabbiteye blueberry growers is |late frost danmmge
to the flowers and buds of the plant. Cold damage is not a problem except in
the northernnost rabbiteye-growing areas. Oher potential perils vary in
their incidence by area, although insect and di sease probl ens overall appear
| ess inmportant (table 6).

Tabl e 6--Major Natural Perils Faced by Rabbiteye G owers

State Ranki ng of Perils

M ssi ssi ppi #1- - Frost damage;
#2- - Excess npi sture at harvest

#1- - Frost damage;
North Carolina #2- - Excess noi sture at harvest; #3--Drought;
#4- - Di seases; #5--Insects

Fl ori da #1- - Frost danmmge; #2--Birds;
#3--Drought; #4--Hail; #5--Hi gh w nds
Al abama #1- - Frost danmge

Sour ces: 5, 21, 19, 12.
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Frost Danmge-- Rabbiteye cultivars vary in their susceptibility to frost
damage. However, frost danage was consi dered by extension specialists in al
rabbi teye states surveyed to be by far the major peril affecting blueberry
growers.

Early-bl ooming cultivars are the nost prone to frost injury since they
have the greatest nunber of flowers at an advanced stage when frosts are npst
likely. In the Mssissippi freeze of 1980, 'Clinmax' and 'Briteblue' were the
| east injured because they were | east advanced in devel opnent, while 'Wodard
and 'Delite' were severely damaged. The fully opened flowers of ' Southland'
were rmuch nore tolerant of frost than a variety of other rabbiteye cultivars
(8, p.50).

Col d Danmge--Rabbiteye cultivars in the northernnobst growi ng areas are
nore susceptible to cold damage than are highbush cultivars. |In Arkansas, a
study in the early 1970's indicated that a -27°C tenperature severely
decreased rabbiteye yields, but had no effect on highbush bl ueberry yields.
Simlar findings were reported in Maryland (8).

In controll ed damage studi es, severe damage was conmon in rabbiteye
pl ants that had broken dormancy and were subjected to -4°F, while tenperatures
of 10°F killed all new growmh and small stens, but did not damage |arger
canes. Very severe tenperatures can damage even dormant plants (9, p.318).

Greater susceptibility to cold hel ps explain why rabbiteye blueberries
are not native above a latitude of 40° in North America (8, p.49). In the
nore sout hern rabbiteye areas--including North Carolina and M ssissippi--cold
damage is not a problem

Dr ought - - Rabbi t eye bl ueberries are shall owrooted, yet can survive
peri ods of drought. They are tolerant of sunmer heat and are productive in
habitats that are too dry for highbush cultivars (9, p.323). Although

rabbi teye bushes are grown in many areas that have adequate rainfall, the
distribution of rainfall does not always nmaxinize yields. As a result,
irrigation is often recommended. Industry and extension specialists indicated

that, as a result of irrigation, drought is not typically one of the nost
serious perils.

However, rabbiteye response to irrigation depends on the cultivar. In
one research study, fruit yield fromthe 'Tifblue' cultivar averaged 4.4
pounds per plant under irrigation over a 3-year period, but only 0.8 w thout
irrigation (9, p.324). |In contrast, irrigation had little effect on the
"Whodard' cultivar, even during extrenely dry periods.

The use of, and attitudes toward, irrigation vary considerably from
state to state. In Florida, the blueberry extension specialist indicated that
all commercial production was irrigated and that producers who did not
irrigate were not interested in harvesting a crop. Nearly all of the
M ssi ssippi crop is estimated to be under irrigation currently. 1In contrast,
only 28 percent of the North Carolina crop is estimted as under irrigation
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Attitudes toward the types of irrigation that are used al so varies
across states. In Mssissippi, growers generally use drip irrigation because
it is less costly than other types and uses water nore efficiently. Sonme of
the nore progressive farnmers have al so purchased sprinkler irrigation, nostly
within the past 3 years (5). These growers use drip to irrigate, and
sprinklers when the threat of frost is imminent. |In contrast, North Carolina
growers who irrigate nearly all use sprinkler irrigation, both for drought and
frost protection (21).

Excess Mdisture and Fl oodi ng--Excess noisture is noted as a serious
peril in several rabbiteye-growing areas. It is a particular problem at
harvest, when the crop cannot be picked because of wet fields, and the berries
become over-ripe. Also, over-ripe berries are prone to cracking and
splitting. The problemof split berries can reduce the crop value from $1. 10
per pound down to 30 cents (21). Rainy, cold weather at pollination was al so
ranked as a peril.

Fl oodi ng was not viewed as a serious peril by those contacted in
i ndi vi dual states. However, rabbiteye blueberries are thought to be nore
tol erant of floods than are hi ghbush bl ueberries. Flooding in the dornant
stage is tolerated to a greater extent than during active growh. A 1984
study found that rabbiteyes grown in containers could withstand 58 days of
fl oodi ng, but were nonethel ess severely damaged (8).

I nsects--Cenerally, rabbiteyes are nore resistant to i nsect danmage than
are highbush cultivars. A 1977 study found a much greater infestation of the
bud mite in highbush than in rabbiteye cultivars in the sanme |ocation. As
pl antings of rabbiteyes increase, however, the need for insect control is
expected to also rise. At present, spraying is not recomrended unl ess
i nfestations are observed by the grower (9, p.326). Blueberry specialists in
M ssi ssi ppi, Alabama, and North Carolina indicated that i nsects were not a
maj or problem for their growers. The blueberry gall m dge has proven to be a
serious problem for rabbiteye blueberries in Florida.

Di seases-- Rabbiteye bl ueberries generally are | ess di sease-prone than
are highbush plants. All |eading rabbiteye cultivars are either imrune or
highly resistant to stem canker. Rabbiteyes are nore i mmune to Phytophthora
root rot than are highbush cultivars. Anthracnose is generally found only in
i sol ated cases, and is not considered a serious problem Disease were,
however, |isted as a nmjor rabbiteye peril in North Carolina.

Birds--As discussed earlier, bird depredation is a major Florida peril
Specialists in Mssissippi and North Carolina, in contrast, indicated that
birds were only a mnor nuisance (5, 21). Most growers report mnor bird
damage. The worst problens are often near major cities. Typically, between 2
to 3 percent of a state's crop in these areas is eaten by birds.

Lowbush Bl ueberries

The nost serious peril facing | owbush growers is spring frost danage.
Drought, poor pollination weather, and cold danage are of internediate
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i mportance. Insect and di sease probl ens appear to be relatively uninportant
(table 7).

Frost Danmmge--As for other types of blueberries, frost damage is the
nost severe peril facing | owbush growers. Unlike in nost other states, frost
damage in Maine can occur in either the spring or the fall, although spring
frosts are generally nore damagi ng. A Mine blueberry extension speciali st
noted that one grower has fall frost damage to his berries in August of nearly
every year (49). As discussed in previous sections, danage can result in
nearly total crop loss, or only partial |osses. Damage in the fall occurs
when cold tenperatures freeze unharvested berries.

Col d Danmge--Lowbush plants have been found to acclimate to falling
tenperatures nore rapidly than hi ghbush cultivars, and therefore, to survive
much | ower tenperatures (8, p.47). However, cold damage is still ranked by
extension specialists as a significant peril for Muine | owbush growers.
Tenperatures of -30° F or below can result in crop |oss, although damage is
not usually as severe as caused by frost damage.

Cold, Rainy Pollination Wather--Pollination seasons characterized by
cold, rainy weather are also ranked as a peril to growers. This peril results
in the potential for partial crop |oss, but is not known to cause a total crop
failure.

Drought--Irrigation of the Maine | owbush crop is estimted at |ess than
10 percent of acreage. As a result, drought can affect devel oping berries and
reduce yields. However, drought causes severe crop loss only infrequently.
Currently, only a few growers in Maine use irrigation, and then, only in the
bearing year. The feasibility of irrigating non-bearing fields, in an effort
to increase bud formation in the bearing year, is being eval uated.

Tabl e 7--Major Natural Perils Faced by Lowbush Growers

State Ranki ng of Perils

#1- - Frost danmmge; #2--Drought;
Mai ne #3--Rain, cold at pollination
#4- - Col d damage

Sour ce: 49,

Note: Anot her source provided the follow ng ranking: #1--Frost danage; #2--
Col d damage; #3--Poor pollination weather; #4--Drought. Source: 36.
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Di seases--Extension specialists indicated that di seases are not
generally a serious peril for |owbush growers. However, two di seases are
noted in | owbush bl ueberry managenent literature as of potential inportance.
One is nunmy berry di sease, which infects the buds, tw gs, |eaves, flowers and
fruit of the plant. This fungus follows a two-year growh pattern, and causes
fruit to shrivel and fall to the ground in the second year. This disease can
be successfully controlled through chenmicals (9, p.307), indicating why it is
ranked relatively lowin inportance as a natural peril

The second di sease of potential inportance is Botrytis blight, which
occurs during bloom It is a problem when extended wet periods occur during
bl oom or shortly after petal fall. The fungus attacks the blossons and young
fruit, causing themto turn brown. Fungicides during the bloom period contro
this disease

I nsects--1nsect damage was not noted by extension specialists as a
severe peril facing | owbush growers. Selective insecticides are generally
applied only where a probleminsect has been identified. Sonme insects that
have at times been troubl esonme over the past 30 years include: blueberry
maggot s, black arny cutworms, case beetles, flea beetles, red-striped
firewornms, and tussock moths (9, p.308).

HARVESTI NG

Harvesting is an inportant issue for crop insurance purposes for two
mai n reasons. First, the harvesting nethod used by the grower can have an
effect not only on quality, but also on harvested yield. Second, harvesting
costs for blueberries can be quite substantial. This situation has the
potential to pose a noral hazard concern, particularly if prices are |ow at
harvestti me.

The harvest season for cultivated U. S. blueberries depends on the
variety and the climte of a particular production area. The harvest usually
begins in md-April in Florida, early May in North Carolina, early June in New
Jersey, and early July in Oregon, Washington, and M chigan. The | atest
harvesting dates in the U S. are found in Washi ngton, M chi gan, and Mi ne
(table 8).

In a given location, the blueberry harvest generally runs from 3-5
weeks. Berries nust be picked several tines (that is, in several intervals)
during the harvest period. The harvest interval, usually 5-10 days for a
pi cking, has a nmajor effect on quality. |If tenperatures are high, berries are
not likely to be of acceptable quality after 7 days. As harvest progresses,
the picking interval generally declines.

Bl ueberries are harvested nmechanically or by hand | abor. Growers at

times prefer hand harvesting during the first two pickings of the season,
since the nechanical unit tends to renopve green berries that can be left on
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Tabl e 8--Typical blueberry Harvest Dates, by State

State Start Peak End

Fl ori da 4-15 5-1 to 6-10 6- 15
North Carolina 5-10 5-25 to 7-1 7-10
Ar kansas 6-1 6-10 to 7-15 7-25
Georgi a 6-1 6-8 to 7-10 7-18
New Jer sey 6-10 7-1 to 8-15 8- 30
Oregon 7-5 8-5 to 9-5 9-10
Washi ngt on 7-5 8-5 to 9-5 10-5
M chi gan 7-10 7-25 to 9-10 10-5
Mai ne 8-1 8-18 to 8-25 9-5

Sour ce: 28.

the plant and ripen into marketable fruit. Mechanical picking is nore
efficient for later harvests due to savings in | abor costs.

Berries that are hand picked are generally destined for the fresh
mar ket, while those that are mechanically harvested generally are processed.
However, sone mechanical harvesting is also used for fresh market berries.
The first pickings of the season generally result in high quality berries that
are nost likely to be destined for the fresh nmarket. The |ast pickings nore
often are used for processing.

Mechani cal Harvesting--Machi ne harvested berries are generally of |ower
quality than those that are hand-picked. Machi nes harvest over-ripe,
shrivel ed, soft, diseased, insect- and bird-damaged, green, or other fruit
that woul d not be harvested by a good hand-picker (28). Bruising is also nore
of a problemw th machi ne harvesting. G ading of machine-picked berries is a
necessity.

Yi el ds are also generally | ower for machi ne-harvested berries than for
those that are hand-picked. As seen below, berries can be lost fromrecoil of
the bushes that results in berries falling to the ground. Generally, |arger
acreages are nore |likely to be machi ne harvested than small er acreages.

Mechani cal harvesting can be of several types. One type involves use of
a hand-hel d, electrically-powered vibrator that is used with a catching frane.
One problemwith this nethod is that a | arge amount of debris is collected
with the berries that nmust |ater be separated (28).

Over the past 10 years, significant advances have been nade in designing
sel f-propel | ed, over-the-row harvesters. The earliest type has a sl apper-type
pi cki ng mechani sm where netal rods "slapped" the bushes from both sides.

Di sl odged fruit falls to the base of the machine where it is caught on sl oped
catch plates. Problenms with this nethod include the potential for |oss of a
signi ficant amount of fruit (perhaps 15-25 percent); bruising of the berries;
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the collection of a significant anount of green or over-ripe berries; and
branch breakage or scarring (28). Broken or scarred branches allow an entry
poi nt for diseases.

Over-the-row harvesters with a sway-type picking nechani sm have provi ded
an advancenent. In this arrangenent, a set of rods conpress the bush and
"sway" it fromside to side to dislodge the berries. However, growers have
found that the bushes tend to beconme conpressed excessively within the tunnel
After the machi ne has passed a bush, the recoil of the stenms results in a |loss
of both ripe and green berries behind the machine on to the ground (28).

The nost recent and successful harvester technology is based on the use
of a rotary head (28). On either side of the picking tunnel, a revolving drum
with multiple nylon wands turns with the forward notion of the machine. This
type of machine inparts the |least fruit bruising and stem danage of all the
di fferent machine types available. As of early 1993, no estimate of harvest
| oss had been nmade on the newest rotary nachines.

Despite these problens, the industry trend is toward increased
mechani cal harvesting. This trend is largely the result of expanded bl ueberry
acreage in many areas and the | ower cost associated with nachi ne harvesting.
Recent sources estinate the cost of machine harvesting and sorting fruit for
processed nmarkets at 18-25 cents per pound. |In contrast, the cost for hand-
harvesting and packing fruit for the fresh market anounts to about 50 cents
per pound, including the costs of packing supplies and | abor (see various
budgets listed in "Sources").

Hand Harvesting--Hand picking is often done by nigrant workers and | oca
pi ckers. The average picker can harvest 5 or 6 12-pint flats per 8-hour day.
However, highly skilled pickers can pick as nany as 20 flats per day (28).
Two to four pickers per acre are needed at the beginning and end of the
seasons, while eight to ten per acre are needed at the harvest peak. Pickers
are generally paid on the basis of the nunber of berries picked.

One nethod of harvesting involves picking directly into market
containers. This nethod has the advantage of minim zing handling and better
preserving the surface bl oom (natural waxy covering) of the berry. Berries
can al so be harvested into buckets for grading and packing at a packi ngshed.

In Mai ne, pickers generally use hand-held rakes to renove berries from
the bush. The rake, which consists of a box with a set of tongs or fingers,
is pulled through the blueberry bushes, renoving the berries and depositing
themin the box. The berries are then place in a 5 gallon bucket for
transport to a collection point in the field.

In addition to the cost of hiring labor, industry sources indicate other
i ssues associ ated with hand picking. For instance, the turnover anong hand
pi ckers is extrenely high, and some growers view the paperwork (payroll
taxes, etc.) involved in hiring workers as very burdensone (21).

Quality--While quality is generally higher for hand-picked berries than
for those that are nmechanically picked, other factors are also inportant. As
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not ed above, berries picked earliest in the season are the | argest and hi ghest
quality. In addition, the "best" berries are picked in relatively dry seasons
(21). In contrast, berries picked during rainy season are darker and the stem
scars are wet and nore vulnerable to deterioration. Diseases on the berries--
particularly nolds--are also nmore of a problem during wet seasons (21).

Sources indicate that it is uncommon that a harvest is of such | ow
quality that it cannot be used for freezing. Lower quality berries--those
that are over-ripe or that are damaged--are often used for juices or slurries,
such as flavoring in yogurt (14).

Prices and Costs--Industry sources indicate that |ow processed-berry
prices can have an influence on harvesting. One specialist noted that when
processed prices are less than 30 cents a pound, a portion of the crop nay be
left in the field (21).

COSTS AND RETURNS

Initial costs of establishing blueberry plantings are relatively high
and early returns are | ow because producti on does not result for several years
after planting. Because costs vary according to the stage of devel opnment,
nmul ti-year enterprise budgets are usually estinated. As plantings mature,
ri sing harvest costs outpace the annual preharvest costs, but gross revenue
from bl ueberry sales also increases. Receipts fromthe third harvest can
cover nost cash operating costs, although start-up costs may not be recaptured
for 10 years or nore

An inportant consideration for insurance is that the value of the
bl ueberry crop "on the bush" is nmuch less than its value at the first delivery
poi nt. Hand-harvesting costs typically amunt to 75 percent of tota
production costs of fresh-market blueberries. |In contrast, mechanica
harvesting accounts for about 50 percent of the cost of producing processing
berries. Because of high harvest costs, noral hazard may be a probl em
particularly if the crop is of relatively low quality, prices are |ow, and
| abor costs are especially high. In such a situation, a grower nay receive
hi gher returns fromcrop insurance i ndemities than from harvesting and
selling in the market.

Non-use of protective nmeasures--such as fencing and netting--nay al so
pose a noral hazard concern. That is, if deer or birds are a problem a
grower nay decide to opt for an indemity paynent rather than incur the costs
associated with installing fences or netting.

Hi ghbush Bl ueberri es

Hi ghbush bl ueberry establishnent costs in M chigan, New Jersey, and
North Carolina are estimted at $6,000 to $10,000 an acre. First-year costs
range from $4, 000 to $6, 000 per acre, including |and preparation, plants, and
labor. Irrigation costs are additional, with drip irrigation systens costing
| ess than $1,000 an acre and sprinkler irrigation up to $3,000 per acre. |If
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deer or birds are a problem fencing and netting to protect blueberries each
cost about $1,200 an acre (28).

Hi ghbush bl ueberries in the East do not not reach full production for
about 8 years. Before production begins, maintenance costs are usually | ess
than $1,000 an acre, rising to $4,000 an acre as the bushes mature, and to
$6, 000 as mature bushes require added pruning, fertilizing, irrigation, and
crop protectants.

Harvesting, packing, and marketing blueberries account for a | arge share
of annual costs. Hand harvesting of berries typically costs $4,000 an acre,
whi | e mechani cal harvesting costs about $2,000 an acre. A conbination of
hand- and machi ne- harvesting has an estimated cost of about $5,000 per acre of
mat ure bl ueberries in North Carolina, which is 80 percent of total production
costs (27).

In Oregon and Washi ngton, costs of establishing highbush blueberries are
nearly $10,000 an acre. Costs in the first 3 years range from $1, 200 to
nearly $4,000 per acre, including costs of |and preparation, plants, weed
control, and labor. Irrigation costs $1,500 an acre for an above-ground
sprinkler system which can also be used to cool plants in the sumrer (17).

Hi ghbush bl ueberries in the Northwest do not reach full production for
at least 6 years. Before full bearing potential is reached, maintenance costs
are usually less than $1,000 an acre, rising quickly as bushes require nore
pruning, fertilizing, irrigation, and crop protectants. Six years of
production may be required to achieve a positive net return over variable and
fixed costs and 10 years to recover establishnment costs.

Hi gh bl ueberry yields in Washington and Oregon drive harvesting costs
above those of other states. Preharvest costs (variable and fixed) for an
acre of mature blueberries in Oregon are about $2,300 and total costs are
about $9, 000. Harvest costs for mature plantings are nearly $7,000 an acre,
75 percent of total production costs.

Oregon's blueberry harvest costs are based on 70 percent of a 20, 000-
pound- per-acre crop nmechanically harvested for processing and 30 percent of
the crop hand harvested for the fresh market. Harvest rates are about the
sane as in other states: $0.50 a pound for hand-picking including packagi ng
and a marketing fee, and $0.27 a pound for nechanical picking, |oading, and

shi ppi ng.

Rabbi t eye Bl ueberries

Est abl i shnent costs for rabbiteye blueberries in the Southeast range
from $2,500 to $3,000 an acre for land preparation, installation of drip
irrigation equipnment, planting cultivars, and maintaining the plantings in the
first year. Developnent costs drop in the second and third years to | ess than
$1,000 an acre. Flower buds are renmpved for the first two years to prevent
fruiting and pronote vegetative growth while blueberry bushes becone
est abl i shed.
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The first blueberry crop, typically in the third year, is usually small,
but increases each year until full-bearing potential is reached after six
years. For Al abama (48), Ceorgia, and M ssissippi (1), a positive net cash
flow (gross receipts covering variable costs) foll ow the second or third year
of blueberry production. G oss receipts were not sufficient to neet all fixed
costs, including the recapture of the early years' investnent, as well as
annual operating expenses, until the 4th or 5th year after planting.

As the plantings mature and yields per acre rise, costs of harvesting
and packagi ng bl ueberries outpace the costs of growing. |In Al abama and
M ssi ssi ppi, costs for hand-harvesting rose fromless than $1,000 an acre the
3rd year after planting (first harvest) to $3, 000-$5,000 an acre for mature
pl anti ngs when total costs were about $4, 000-%$6,000 an acre. Hand-harvesting
rates varied from $0.30 to $0.50 a pound, dependi ng on whether contai ners,
packagi ng, and gradi ng were included.

Lowbush Bl ueberries

Mai ne's enterprise budgets for | owbush blueberries (50) do not include
expenses for the initial establishnment of the field, but do contain costs for
re-establishing the above-ground portions of the plants every other year
Expenses during the harvest year, including pollination, pest control, and
harvesting, total about $360 an acre. The addition of reestablishnment
expenses and m scel |l aneous, fixed costs bring total production costs to $570
per harvested acre.

Mai ne' s | owbush bl ueberries are harvested only once a season, not 3 or
nore tines as is conmon for the highbush and rabbiteye types. The berries are
harvested with hand-hel d rakes and wi nnowed to renove green and overripe or
damaged berries. Nearly all of the crop is sold for processing, at an average
val ue of $0.46 a pound.

Mechani cal harvesting costs in Maine are simlar to other Eastern
states, at $0.19 a pound. However, Mine's harvest costs were based on a nuch
| ower yield, 1,654 pounds per harvested acre, conmpared to a 5, 000-pound yield
on which M chigan harvest costs are based. Sonme growers in Miine receive
substantially higher vyields.

MARKETI NG

Mar keti ng consi derations are inportant for insurance because there is a
potential for noral hazard if growers do not have profitable nmarket outlets.
Mar keting outlets for blueberries are discussed below. Uncertainty as to
availability of buyers does not appear to be an issue for blueberry growers.

Bl ueberries are marketed by bl ueberry cooperative associ ati ons,
i ndependent deal ers, and vertically-integrated operations that grow, pack, and
mar ket their own crops. Cooperatives and independent deal ers nmarket berries
to the fresh market or to processing plants. The inportance of fresh,
processed, and pick-your-own markets, by state, are shown in Table 9.
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Table 9--Primary Bl ueberry Marketing Qutlets, by State

Mar keting Qutl et
State ]
Processed Fresh U- Pi ck
(% (A9 (%
Al abama 15 75 10
Ar kansas 10 80 10
Connecti cut 3 27 70
Del awar e 0 10 90
Fl ori da 30 60 10
Ceorgi a 62 33 5
I daho 0 25 75
I11inois 0 60 40
I ndi ana 30 30 40
| owa 0 0 100
Kansas 0 0 100
Kent ucky 0 20 80
Loui si ana 40 40 20
Mai ne 99 1 0
Mar yl and 0 10 90
Massachusetts 5 65 30
M chi gan 60 35 5
M nnesot a 5 10 85
M ssi ssi ppi 60 30 10
M ssouri 10 30 60
N. Hanpshire 70 30 0
New Jer sey 30 65 5
New Yor k 5 50 45
N. Carolina 33 63 4
Ohio 10 35 55
Okl ahoma 10 30 60
Or egon 55 40 5
Pennsyl vani a 0 40 60
S. Carolina 0 10 90
Tennessee 0 20 80
Texas 25 50 25
Ver nont 0 25 75
Virginia 0 10 90
Washi ngt on 40 50 10
West Virginia - - - - -~
W sconsin 0 5 95

Sour ce: 24.
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Cooperatives have been extrenely effective in sonme regi ons because they
allow growers to pool their output and neet the needs of |arge buyers. The
cooperatives also provide | owcost inputs to producers, and nmake efficient use
of pronotion and advertising dollars. Two of the |argest blueberry
cooperative associations in the U S. are the M chigan Blueberry G owers
Association (MBG and Tru-Blu Cooperative. MBG is located in M chigan, but
al so markets blueberries for growers in Indiana, Florida, Louisiana, GCeorgia,
M ssi ssi ppi, Arkansas, and North Carolina. Tru-Blu is based in New Lisbon
New Jersey and markets for New Jersey, North Carolina, and other states.

Cooperative associ ations generally accept berries from growers at
receiving stations, or have refrigerated trucks that pick up the berries
directly fromthe field. The point of sales transfer fromthe grower is at
the receiving station or at the truck. The association pools the output from
a nunmber of growers for a given nunber of days and a grower's price is based

on the average returns received for the pool, |ess marketing expenses charged
by the grower association. Gowers usually receive paynents for fresh narket
berries each week. In contrast, growers may not receive full paynent for

berries used for processing for up to 1 year after harvest.

Some growers prefer to sell their crops through deal ers rather than
cooperative associ ations because they prefer the greater independence. 1In
addition, independent dealers in some states get paynents in full to producers
nore qui ckly than do the cooperative associ ations.

Forward contracting does not appear to be a factor in blueberry
mar ket i ng outside of the Pacific Northwest and Maine. CQutside of those areas,
the industry sources and extension specialists contacted were not fanmliar
with either quantity or price contracting prior to harvest. Neither were they
famliar with buyers requesting delivery at, or by, a specific date.

The inportance of various types of buyers can vary greatly fromstate to
state, and each state has its own idiosyncracies in ternms of the marketing
process. Consequently, the follow ng discussion is organi zed on a state by
state basis. Wthin a given state, different blueberry types--such as
hi ghbush and rabbiteye--are typically nmarketed in the same fashion. Sone
buyers may, however, have a preference for a specific type or variety.

M chi gan--The M chigan Bl ueberry Growers Association is the only
cooperative association in Mchigan that handl es grower sales to processors
and fresh market buyers. Mny independent brokers also market fresh and
processed bl ueberries. MG markets about 50 percent of the M chigan crop
I ndependent s deal ers market the remainder. MG nenbers (about 45 percent of
M chi gan growers) and non-nmenbers (those who deal through the independents)
are a mx of large and small growers (41).

Regar dl ess of buyer, prelimnary sorting of berries is done on the farm
by the pickers. G owers who market through MBG deliver their berries to one
of the cooperative's receiving stations in the state. Berries for the fresh
mar ket are cleaned to renove | eaves and other debris, packaged, and inspected
(41). WMBG hires the inspectors (including USDA i nspectors) who inspect the
crop at the receiving station according to USDA standards. Berries are rarely
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of such low quality that they are not accepted for processing in sonme form
The poorest berries are used for juice.

Bl ueberries destined for processing follow a different path than those
i ntended for the fresh market. After picking, berries for processing pass
over a blower, and then through a water separator, which is used to "float"
green berries. The berries then are either bulk frozen or individually quick
frozen. After packaging, inspectors select cartons randomy and check that
standards are net (41).

M ssi ssippi and Louisiana--MBG is the main marketing outlet for
M ssi ssi ppi and Loui si ana bl ueberries, selling for the local M ss-Lou
Association. M ss-Lou handles a | arge portion of the M ssissippi crop, with
about 80 percent of the state's growers estimated as nenbers (5). Some snal |
growers sell to the public (road-side stands) or through | ocal outlets and are
not members.

Growers who market through the association deliver blueberries to one of
the seven M ss-Lou receiving stations, where the berries are sorted,
i nspected, graded, and cooled. They are then delivered to a central station
where MBG t akes possession and sells the crop under the pooling method
descri bed above. MBG markets both berries for the fresh market and for
processi ng out of the M ssissippi-Louisiana area.

Arkansas-- About 60 percent of Arkansas growers belong to the Arkansas
Bl ueberry Growers Association (29). The remaining growers narket their crops
t hrough i ndependent dealers. The |argest blueberry farnms in the state are in
the range of 60-70 acres. MBG markets for the Arkansas growers association
(29). As a result, the marketing channel is very simlar to the M ssissippi-
Loui si ana di scussi on above.

North Carolina--Marketing channels in North Carolina include three
cooperative associations (MBG and Tru-Blu are the major players) and severa
i ndependent deal ers. About 60-70 percent of the crop is marketed through the
cooperatives each year (21). Fromyear to year, growers often switch from one
cooperative to another, or to another dealer

About 85 percent of North Carolina' s blueberries are grown within a 40-
mle radius centered in the southeast part of the state. Wthin that region
there are 6 receiving stations, owned either by a deal er or a cooperative.
About 50 percent of the crop is delivered to a receiving station, with the
sorting and gradi ng process followi ng the pattern noted above (21). The other
50 percent is picked up fromthe field by the association or dealer using a
refrigerated truck. Berries that are picked up by truck can nore easily
retain high quality because they have field heat renpved sooner than those
delivered to receiving stations.

The cooperative associations operate receiving stations and have trucks
in the area during the harvest season. The associations nay | eave the area,
however, before all growers are through harvesting. |In that case, the grower
may need to deliver his crop to another buyer. The lack of a buyer was not
reported as problem
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North Carolina, along with New Jersey, Oregon, and Washi ngton, have
promoti onal "check-off" prograns that are used to fund bl ueberry research and
pronmotional activities. The anpunt of the paynent owed by growers is based on
their production. For instance, in North Carolina, growers pay 3 cents per 12
pint flat for fresh blueberries, and 1-1/2 cents per 12 pint flat for
processed bl ueberries (21).

New Jersey--The primary blueberry growi ng counties in New Jersey have
quite different characteristics. 1In Atlantic county, growers are |arge and
pack and market their own berries. There are about 10 |arge growers in the
county, with 100-200 acres each. The | argest has about 1,300 acres of
bl ueberri es and markets under his own brand name. Mst growers in the county
rai se only blueberries, although sone have cranberries. Nearly all of
Atl antic county blueberries are irrigated (30).

In contrast, Burlington county has about 80 small growers, with about
10-20 acres per grower. They generally market their crop through Tru-Blu
Cooperative Association. There is very little irrigation in Burlington
county. In general, Burlington county growers are nore diversified than is
common in Atlantic county, with many having cranberries. According to an
extension contact, Burlington growers typically provide |ess weed control and
pruning than do Atlantic county growers (30). Burlington county yields are
estimated at 100 flats per acre, while Atlantic county yields are estinmated at
600 flats per acre (30).

Typically, New Jersey growers harvest tw ce by hand-picking within a
season and sell those berries for the fresh market. The final pickings are
done with a mechani cal harvester, with that portion of the crop destined for
freezing. About 75 to 80 percent of the crop is hand harvested in the state,
and about 20 to 25 percent is nechanically harvested. About 70 percent of the
New Jersey crop is nmarketed by the Atlantic Blueberry Conpany, Di anond
Bl ueberry Conpany, and Tru-Blu Cooperative (30).

As noted above, New Jersey has a check-off program for blueberries.
Funds are coll ected, based on a grower's production, and used for blueberry
research and pronotion. Al Mrray, the New Jersey Dept. of Agriculture's

liaison to the NJ Blueberry Advisory Council, indicated that council nenbers
are very interested in the potential for crop insurance (30). Data collected
under the auspices of the check-off will likely be of use in rate-nmaking.

Mai ne- - About 99 percent of the Maine blueberry crop is used for
processing, and is nmarketed to one of nine processing plants in the state.
The | argest processors al so provi de managenent services to growers, including
sprayi ng and burning services. Two of the nine processing plants al so have
canning facilities (49).

Several large growers account for 50 percent of Mine's blueberry
acreage, with two growers in the 15,6000-acre range. Several own processing
plants. There are also estimted to be 300 small growers and three grower
cooperatives, including the WId Blueberry Association (49). This association
is promoting exports of individually-quick-frozen (I QF) blueberries with
assistance from USDA' s Foreign Agriculture Service (49).
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Berries for processing go fromthe field to a receiving station, where
they are wi nnowed and placed in 25-pound field boxes. They are then taken to
a processing plant, where they are again wi nnowed, washed, and graded. Each
grower's berries are kept separate until after inspection at the plant.
Berries that are rejected by the factory do not have an alternative use.

After inspection, berries are frozen and placed in 40-pound boxes for freezing
and storage.

Wthin this process, growers are paid on the basis of the weight or
vol une recorded at the receiving station. Gading at the plant is to inprove
the quality of the pack, but does not affect individual growers' prices. Too
many green or over-ripe berries will lower the quality of the pack and can
reduce the pool price. It is the overall quality of the processor pack that
deternines the price received by each grower (49).

There is one cooperative association operating in Mine that markets the
portion of the crop that is used for the fresh market. Quality affects the
pool price received by the cooperative. Processors may contract to buy al
that a grower can deliver at a pre-established price, but may regul ate
deliveries by the nunber of field boxes supplied to the grower (49).

O egon _and Washi ngt on--There are no formal marketing organizations in
Oregon and Washi ngton. Small growers often sell their crops to | arge growers
that are vertically integrated, with grading and packing lines, chillers, and
freezing or canning equi pnment. These large growers are |ikely to produce many
types of berries and grow, pack, and nmarket their own berries and buy from
four to five other growers (38).

Processing contracts nay be used to ensure an outlet for growers, and a
supply for processors. The price, however, is not likely to be predeterm ned
under such transactions, and generally fluctuates with market conditions at
the tinme of delivery. There is no price pooling, and growers nmainly receive
the current market price for their blueberries, whether selling to processors
or for the fresh market.

| NSURANCE | SSUES
I nsurance issues can be divided into two categories. The first pertains
to the demand for insurance, which appears to vary considerable in sonme areas.

The second i nvolves inplenmentation issues surroundi ng policy devel opnent.

Demand for |l nsurance

The maj or insurance concern at this point in time involves grower
interest in the devel opnent of an FCIC bl ueberry policy. Based on discussions
wi th blueberry extension specialists and i ndustry sources, grower interest
appears to be strongest in the newer producing areas of the South and anobng
smal l er growers in New Jersey.
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The state with the greatest interest appears to be Mssissippi. An
extension contact in that state, John Braswell, appeared very interested, and
i ndi cated that he had been involved with the several requests for insurance
that were sent to FCICin the late 1980's (5). An Arkansas extension
speci alist also stated that he believed growers would be interested in
i nsurance, as did a Florida specialist. A New Jersey Departnent of
Agricul ture enpl oyee who worked with blueberry growers al so thought that
interest would exist in that state, nost |likely anmong the snmaller growers.

John Braswel| also stated that the North American Bl ueberry Counci
anal yzed the benefits and costs of a blueberry policy in 1990. Mrtle Ruch
was the contact person at the council, and Braswel| believed that she
assenbl ed a significant amount of information on the topic. He was not sure
why the push for blueberry insurance had | ost nonentum M. Ruch has not been
in the office for several weeks and could not be contacted for this study.
Her number is 609-399-1559.

North Carolina growers, who expressed a strong interest in insurance in
the late 1980's, appear to be less interested currently. M ke Minland, an
extension specialist in the state who was involved with previous insurance
requests, indicated that growers reached a point where they did not expect to
see a policy materialize given the extended period of tine over which requests
were made with no response. As a result, progressive growers have begun
i nvesting in overhead sprinklers to protect against frost damage, the major
peril in the state. [Note: Mke Mainland is listed in requests to FCIC as
"Charles Mitland."]

I ndeed, sone growers may be opposed to insurance because they feel that
it would protect growers who posed a noral hazard. That is, they believe that
i nsurance woul d protect growers who would harvest a crop only if conditions
favored a crop in that year, and who did not generally provi de adequate inputs
and managenent. Such growers are believed to generally market a | ower-quality
crop, tainting the imge of all growers in the state. Sone |arger commercia
producers may just as soon see such growers | eave the blueberry industry,
rather than having crop insurance to provide themw th protection.

The demand for blueberry insurance appears to be | ower in M chigan
Mai ne, and the Pacific Northwest than in the southern states. However, al
di scussions were with industry personnel or extension specialists, and refl ect
their viewpoints. Certainly, growers reflect a varied group that nmay provide
quite different information and perspectives.

| npl enent ati on | ssues

I mpl ement ation issues include the availability of adequate individua
yield data, as well as noral hazard and adverse sel ecti on concerns.

Availability of Individual Yield Data--The availability of individua
yield data is questionable, particularly for a |large nunber of growers. The
two main sources of individual yield data are marketing cooperatives and, in
states with pronotional check-offs, the adm nistering agency (typically, the
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state's Departnent of Agriculture). Sone growers may have adequate production
records in the formof sales receipts.

One of the largest blueberry marketing cooperatives in the U.S.
M chi gan Bl ueberry Growers Association (MBG, is also the cooperative that
markets a |large portion of the fruit fromthe Southeast, the area of highest
potential demand for blueberry insurance. A forner president of MBG, al ong
with others, stated that all cooperatives have production and/or yield series
for individual growers. Initial contacts with MBG i ndicated that they would
not rel ease data because they did not want to violate grower confidentiality
(41). The president of the M ssissippi Blueberry Growers Association is
currently in contact with MBG to encourage the release of this information

(5).

Data col |l ected by the check-off program in states where applicable, may
al so be a source of individual production and/or yield data. The New Jersey
Department of Agriculture, which adm nisters New Jersey's check-off, indicated
that they had individual grower production records for four years. They would
begin to collect acreage data in 1994, but did not have such data for earlier
years. Because of the | esser apparent interest in North Carolina, Wshington
and Oregon, these states were not contacted in this regard.

I f individual grower yields are not avail able, county yields may not be
a good proxy. This is because of wide variability in yields anbng producers
within local areas due to soil differences and differences in managenent
intensity. A blueberry specialists in Florida indicated that expected average
yi elds could vary anpng growers from 1,000 to 8,000 pound an acre.

Price Election Determ nation--Several factors conplicate the setting of
price elections for blueberries. First, processed blueberry prices are nearly
al ways | ower than fresh blueberry prices, and the differential between the two
can vary significantly fromyear to year. Second, nmany growers harvest their
first pickings for the fresh market, with later pickings (within weeks of the
first) often destined for processed markets. Third, a grower may find that a
portion of his crop does not nmeet fresh narket standards, and is only sal eabl e
for the processed narket.

These considerations indicate that setting separate elections for fresh
and processed berries would be difficult because of the uncertainty at the
time of signup about whether berries will be marketed for fresh market or for
processing. An election that conbines fresh and processed price projections
al so creates difficulty in that a grower may find it nore profitable to
coll ect an indemity based on conbined prices than to harvest a crop only for
the | ower processed nmarket price.

USDA does not project prices for either fresh or processed bl ueberries,
but does report average market prices by nonth throughout the marketing season
for sone states.

APH Determ nation and Plant Maturity--Blueberry plants generally reach
mat urity--and mexi mum bearing potential--at the seventh year through the tenth
year after planting. The first and second years result in no harvested
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berries. Small crops are harvested in the third through sixth years. The
timng of mturity depends on the cultivar and the | ocation of the planting.

Because of this bearing pattern, an APH-type of concept, in which past
years are averaged to obtain an expected yield, can only be used after about
the seventh through the tenth year after planting. An alternative would be to
of fer insurance in the pre-maturity years, but at different rates and
coverages than offered for mature plantings.

Adverse Selection--The primary cause of loss in nearly all grow ng areas
was | ate frost damage to the buds, flowers, or young fruit. Wnter damage can
al so occur in the northernnost growi ng areas. Because of these concerns,
several individuals contacted for this report suggested a final sign-up date
of no later than January 1, particularly in northern areas. |In areas where
cold danage is a particular problem such as in Mchigan, a sign-up date of
Decenber 1 may be desirable. This is because damage to the plant during the
early winter can kill flower buds and reduce yields in the subsequent season.
In Florida, a cold Decenber can cause early flower bud devel opnent thereby
i ncreasing the |ikelihood of frost damage during the spring bloom also
suggesting a Decenber 1 final signhup date.

Moral Hazard--Market prices would |ikely have an effect on noral hazard.
In lowprice years, producers would likely have an incentive to allow their
crop to over-ripen, or to not treat di seases and other problenms. This would
be a particular problemif the return fromthe policy were expected to be
hi gher than the producer's expected market return. However, a producer's APH
hi story would suffer in such cases.

In addition, the Florida extension specialist interviewed for this
report indicated that FCIC might wish to consider a category of "uninsurable
| osses" (19). For instance, he believed that Florida growers who did not
irrigate or who did not protect frombird depredati on were severe noral hazard
ri sks. As discussed above, however, |osses that could potentially be
consi dered "uni nsurabl e" could vary significantly fromarea to area.

Despite the potential for noral hazard, the devel opnent of a blueberry
policy appears to be of significant interest to growers in several areas.
G ven the uncontrollable perils faced by growers, a blueberry policy would
likely be of benefit to the industry. Methods of curbing adverse selection
and noral hazard, as discussed in the report, would help protect FCIC s
exposure to | oss.
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Appendi x table 1--States Reporting Bl ueberry Production: Agricultural Census, 1982 and 1987

: 1987 : 1982
State and B e e B e
nmaj or counties : Nunber Har vest ed Irrigated : Nunber Har vest ed Irrigated
of Farnms Acres 1000 Pounds Far ns Acres : of Farns  Acres 1000 Pounds Farns Acres
SOQUTHEAST : :
Al abama : 83 232 438 52 159 31 99 189 7 33
Escanbia : 11 (N 192 4 (N 8 68 111 2 (N
Coosa 4 (N 22 3 (N (N (N (N (N (N
Tal | adega : 4 7 17 1 (N (N (N (N (N (N
Gher 64 225 207 44 159 23 31 78 5 33
Arkansas : 127 530 1, 256 115 496 58 230 490 49 208
Benton : 30 226 731 29 222 11 107 246 10 93
Washi ngton 21 70 131 21 70 15 31 67 13 30
Franklin : 7 61 108 6 (N 5 (N 75 5 (N
Gher 69 173 286 59 204 27 92 102 21 85
Florida : 161 1,172 1,199 115 1,014 : 82 307 476 57 244
A achua : 43 504 434 34 450 21 95 258 16 74
Marion 16 59 79 15 (N 9 48 71 7 44
Suwannee 7 28 78 7 28 (N (N (N (N (N
Put nam : 7 67 71 1 (N 6 78 38 5 64
Qher 88 514 536 58 536 46 86 110 29 62
Loui si ana : 62 172 197. 864 49 155 18 25 35. 166 11 21
M ssi ssi ppi : 109 323 (N 54 206 72 137 (N 29 85
Pear| Rver : 19 81 (N 10 68 6 7 (N 5 6
Madi son : 3 21 (N 3 12 (N (N (N (N (N
Gher 87 221 (N 41 126 66 130 (N 24 79
North Carolina : 185 3,032 7,219 91 700 134 2,985 4,502 30 369
Bl aden : 31 1, 659 3,501 9 (N 28 1,264 1,516 1 (N
Pender 9 507 1,142 (N (N 9 (N 1,126 1 (N
Oaven 3 160 744 3 (N 4 (N 560 4 204
Duplin : 3 (D 634 1 (N 7 283 711 (N (N
GQher 139 706 1,198 78 700 86 1,438 590 24 165

(N): Indicates "not available" or "not published" to avoid disclosure of individual operations.
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Appendi x table 1--States Reporting Bl ueberry Production: Agricultural Census, 1982 and 1987

: 1987 : 1982
State and B e e B e
nmaj or counties : Nunber Har vest ed Irrigated : Nunber Har vest ed Irrigated
. of Farns Acres 1000 Pounds Far ns Acres : of Farns  Acres 1000 Pounds Farns Acres
NORTHEAST :
Mai ne (cltvtd) : 110 2,426 2,464 14 132 83 1, 306 1, 487 7 42
Washi ngton 35 1, 796 1, 862 1 (N 31 808 987 2 (N
Hancock : 28 342 356 4 (N 19 266 279 (N (N
ford 4 72 69 (N (N 3 3 2 (N (N
Gher 43 216 177 9 132 30 229 219 5 42
Mai ne (wild) : 433 21,186 31,988 9 334 474 17,773 29, 562 10 1,177
Washi ngton : 201 13,695 23,106 6 (N 230 11,168 20, 043 6 (N
Hancock : 125 3,870 5,028 1 (N 118 3,088 6,072 1 (N
Knox : 33 1, 846 1, 964 (N (N 44 1,212 947 1 (N
Wl do 26 505 477 (N (N 27 688 848 (N (N
Gher 48 1, 270 1,412 2 334 55 1,617 1, 651 2 1,177
M chi gan : 711 13,712 48, 045 257 5,692 681 11,079 36, 357 143 3, 086
Gtawa : 132 4464 16, 934 73 2,172 136 3,527 12, 348 47 1,401
Van Buren : 220 4422 15, 460 55 1,696 : 204 3,591 11, 962 30 766
Alegan : 112 2133 7,285 36 865 99 1,679 6, 000 13 335
Berrien : 98 1069 3,472 23 209 110 880 2,716 12 100
Muskegon : 38 797 3,020 14 (N 35 700 1,726 7 217
Genessee 6 67 234 4 54 6 58 217 3 33
Kent 8 (N 218 5 39 3 19 58 2 (N
CQher 97 760 1, 422 47 657 88 625 1,330 29 234
New Jer sey : 251 7,768 24,146 93 4,071 234 7,399 30, 521 68 3,661
Atlantic : 66 3,979 15, 161 45 2,466 84 4,195 19, 480 43 3,017
Burlington : 133 2,710 5, 263 28 706 107 2,552 7,012 13 314
Gher 52 1,079 3,722 20 899 : 43 652 4,029 12 330
NORTHWEST : :
QO egon : 352 1310 7,141 299 1,170 : 243 622 2,911 213 560
Washi ngton : 56 324 2,937 51 309 33 113 540 32 112
Marion 56 319 1,703 53 248 43 182 729 40 167
d ackamas 77 173 630 59 152 : 40 (N 212 32 54
Lane : 37 62 375 33 58 35 47 348 33 45
Benton : 9 79 302 8 78 12 53 207 12 53
Col unbia 11 105 289 7 95 8 44 218 6 (N
Qher 106 248 906 88 230 72 183 657 58 129
Washi ngt on : 146 967 5, 827 85 612 131 767 4,894 65 509
What com 26 (N 2,681 22 (N 14 (N 1,738 13 (N
dark : 30 133 818 20 120 : 19 (N 278 12 (N
Thurston : 9 116 674 5 (N 8 101 547 5 77
Pierce : 22 94 501 12 47 28 123 871 16 56
Gher 59 624 1,153 26 445 62 543 1, 460 19 376
United States 4,412 59,216 142, 038 1,919 17,692 : 3,409 47,696 119, 957 975 11,437
wid : 501 21,969 32,616 22 420 544 18,777 30, 282 15 1,204
Qultivated : 3,911 37, 247 109, 422 1,897 17,272 : 2,865 28,919 89, 675 960 10, 233

(N): Indicates "not available" or "not published" to avoid disclosure of individual operations.
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