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Executive Summary

Pi neappl e (Ananas conpbsus) is a perennial herb, grown for its sweet and juicy
fruit, which can be consuned fresh or in processed form The pineapple is
classified under the botanical famly Broneliaceae, which also includes a
nunber of ornanental broneliads. They are native to tropical and subtropica
South Anerica and are adapted to areas with |Iow rainfall and well-drai ned
soils. Pineapple fruits are high in sugar and provi de a good source of
vitam ns A, B, and C

Virtually the entire U S. pineapple crop is grown in Hawaii. 1In this respect,
the pineapple industry in Hawaii represents the U S. industry. Hawaii's
Agricultural Statistics Service reports that 15 farns used a total of 22,300
acres to produce 365,000 tons of pineapples in 1994.

Over the |ast several years, fewer and fewer farms conprise Hawaii's pineapple
i ndustry. Several pineapple conmpani es closed down due to rising production
costs, conpetition from Hawaii-based corporations with operations in | ow cost
forei gn producing countries, and an oversupply of canned pi neappl e products.

Three conpani es--Dol e Conpany, PPl Del Mnte Fresh Produce, Inc. (formerly the
Cal i forni a Packing Corporation), and the Maui Land and Pi neappl e Conpany- -
produce the majority of pineapples in Hawaii. There are also several smal
growers who sell strictly to Hawaii's fresh fruit market.

Dol e and Del Monte are international conpanies with production and processing
operations in foreign countries, while the Maui Land and Pi neappl e Conpany is
a local conmpany. Only the Maui Land and Pi neappl e Conpany has canni ng and
processing facilities in Hawaii. All of Del Mnte's production, from
approximately 5,000 acres under cultivation, is destined for the fresh market.
Maj or pi neappl e production areas are found on the islands of Lanai, Muui, and
OCahu. Dol e Conmpany has plantations in Lanai and OGahu, the Maui Land and

Pi neappl e Conpany has plantations in Maui, and Del Monte has plantations in
OGahu. The few smal |l hol der pineapple farns are |ocated on the islands of Maui
and Hawai i .

U.S. pineapple production, represented entirely by Hawaii's output, realized a
year-to-year decline in 15 of the past 22 years, largely reflecting a drop in
acreage. Qutput has been cut by nore than half, from 810,000 tons in 1973 to
365,000 tons in 1994.

| mproved production technology has led to growth in pineapple yields, partly
of fsetting the inpacts of |ower acreage. According to the Hawaii Departnent
of Agriculture, yields per gross acre increased by 58 percent between 1960 and
1990, from 11.8 tons to 18.6 tons.

The value of U. S. fresh-wei ght pineapple production doubled from$39.6 mllion
in 1973 to $79.8 mllion in 1993. |In 1994, the value of production declined
slightly to $78.9 mllion, due mainly to a decrease in output volune.

Decl i ni ng donmestic production is augnented by inmports from other pineapple-
produci ng countries, such as Thailand, Philippines, Costa R ca, Mexico, and



Honduras. Mexico was the |argest supplier of fresh pineapples to the U S
mar ket during the early 1980's, but since the 1983 Caribbean Basin Initiative
established duty-free status, inports from Central Anerica have increased.

Wi |l e canned pi neappl e represents nmore than half of Hawaii's pineappl e output,
there is a growing trend towards fresh nmarket use. Consunption of fresh-

mar ket pi neappl es has trended upward since 1970. Based on a fresh-wei ght
equi val ent, fresh pineapple consunption was estinmated at 2.05 pounds per
person in 1993/94, up from0.70 pounds per person in 1970/71. Consunption of
processed pi neapples, on the other hand, increased from 11.13 pounds per
person in 1970/71 to only 11.84 pounds in 1993/94, and has realized

consi derabl e year-to-year fluctuation.

Pi neappl es can be planted all year round in Hawaii, although nost plantings
occur in the fall. They are generally grown as a nonocul ture crop because of
the high capital investment in processing nmachinery, field equipnent, and

| and. They are produced through vegetative neans using various plant parts of
a parent plant. Propagating materials cone in the formof slips, suckers,
crown, or hapas.

Drip irrigation is a standard practice in Hawaii. It helps alleviate the
effects of root damage caused by nemat odes and reduces npi sture stress since
water is delivered directly to the root zone. During periods of |ow rainfall
47,000 to 94,000 liters of water per hectare per week are required for maxi mum
gr owm h.

Pi neappl e growers are often confronted with plant and fruit | osses caused
primarily by di seases, insects, and other pests. Wather perils are not much
of a problemto production, but in sonme cases, excessive rains, excessive
heat, and prol onged drought could result in | osses. Frost and hail occur
rarely. Pineapples are fairly tolerant of high winds. Errors in crop
managenent and nutritional inmbal ances could al so cause sone | osses.

Qur assessnent is that the demand for a crop insurance policy for pineapples
wi |l probably not be as strong as for certain other crops. The three mmjor
corporations responsible for virtually all of U S. pineapple production are
very conpetitive with each other and protective of their activities. Even
with |large capital investnents at stake, |arge corporations would |ikely
prefer to manage their own risks and self-insure.

Al so conprising the industry are small, independent growers whose outlets are
limted to Hawaii's fresh fruit market. Small growers, particularly those
who have no irrigation systens, may be interested in a pineapple insurance
policy. These growers, however, represent a small share of U.S. output.

Finally, only pineapple growers in Guam and American Sanpa participated in the
ad hoc disaster assistance programduring the 1988 to 1993 peri od.



Pi neappl e:  An Economi ¢ Assessnent of the Feasibility
of Providing Multiple-Peril Crop |Insurance

| nt roducti on

Pi neappl e (Ananas conmpsus) is a perennial herb, grown for its sweet and juicy
fruit, which can be consuned fresh or in processed form The pineapple is
classified under the botanical famly Broneliaceae, which also includes a
nunber of ornanental broneliads. They are native to tropical and subtropica
South Anerica and are adapted to areas with low rainfall and well-drained
soils. Pineapple fruits are high in sugar and provi de a good source of
vitamns A, B, and C (Mortensen and Bullard). They contain 10 to 18 percent
sugar and 0.5 to 1.6 percent titratable acid (Evans, et al.).

A mature pineapple plant is about three feet high. It produces a rosette of
40 to 60 long, flune-shaped, rigid | eaves, fromthe center of which arises the
fruit (Figure 1). The top of the fruit is enbedded with a crown of stiff

| eaves.

The pineapple fruit is actually a conposite or multiple fruit. It is made up
of 100 to 200 berry-like fruitlets arranged in a spiral cluster froma centra
axis (core) that is a continuation of the fibrous peduncle (stem. The whole
fruit has a broad, conical shape with larger fruitlets at the bottom and
smal l er ones at the top (Seelig). Each "eye" of the pineapple is a separate
fruitlet, having been derived froman individual flower and surrounding parts
(El der) .

Virtually the entire U S. pineapple crop is grown in Hawaii. |In this respect,
the pineapple industry in Hawaii represents the U S. industry. Hawaii's
Agricultural Statistics Service reports that 15 farns used a total of 22,300
acres to produce 365,000 tons of pineapples in 1994.

This report exami nes those aspects of the U S. pineapple industry that rel ate
to the demand for crop insurance and the feasibility of devel oping a pineapple
crop insurance policy.

The U.S. Pineapple Industry
Fewer Farns Grow Conmerci al Pineapples

Hawaii is the only conmercial producer of pineapples in the United States.

Over the |ast several years, fewer and fewer farnms conprise Hawaii's pineapple
i ndustry. Several pineapple conmpanies closed down due to rising production
costs, conpetition from Hawaii-based corporations with operations in | ow cost
forei gn producing countries, and an oversupply of canned pineappl e products.

During the 1970's, the nunber of canneries in Hawaii decreased fromnine to
three. The nunber of canneries declined further in nore recent years, and



currently, only one pineapple conpany, the Maui Land and Pi neappl e Conpany,
owns canni ng/ processing facilities in Hawaili

The nunber of plantations has al so declined. The pineapple plantations in
Kauai and Mol okai were elim nated, and the nunmber in Gahu declined (Kehlor).
The Hawaii Departnment of Agriculture reported only 15 farns with pineapples in
Hawaii in 1994, down from 20 farns the previous year. In 1992, there were 21
farms with pineapples, and in 1973, there were 33 farns (Table 1).

The total acreage used for pineapple production in 1994 increased by 300 acres
from 1993's |level, to 22,300 acres, as fornmer sugarcane | and becane avail abl e
(Hawai i Departnment of Agriculture). However, total acreage was still bel ow
1992's | evel of 26,200 acres and 1973's | evel of 57,500 acres. The tight

| abor situation may be a reason for the long-termdrop in acreage.

According to the Census of Agriculture, 21 farns grew pineapples in Hawaii in
1992. These farnms harvested a total of 556,700 tons of pineapples from 15,500
acres, down from 683,200 tons and 22,300 acres in 1987, respectively (Table
2). O the total output in 1992, 550,000 tons were utilized in fresh and
processed markets (Table 1).

The proportion of pineapple farns with farm product sal es of $10,000 or nore
has al so declined over tine. The Census reported 10 pineapple farns (48
percent of the total) with $10,000 or nore in sales in 1992, versus 12 farns
(67 percent of the total) in 1987 (Table 3). The 10 farnms with $10, 000 or
nore in sales in 1992 accounted for about 59 percent of the total acreage used
for pineapple production that year and produced nearly all (556,600 tons) of
Hawai i ' s pi neappl e.

Ei ght of the 21 farns grow ng pineapples in 1992 had irrigation systens. They
accounted for about 86 percent of the harvested acreage that year

Three Large Conpani es Dom nate Production

Three conpani es--Dol e Conpany, PPl Del Mnte Fresh Produce, Inc. (fornerly the
California Packing Corporation), and the Maui Land and Pi neappl e Conpany- -
produce the majority of pineapples in Hawaii (Chia). There are also severa
smal | growers who sell strictly to Hawaii's fresh fruit market (Rohrbach).

Dol e and Del Monte are international conpanies with production and processing
operations in foreign countries, while the Maui Land and Pi neappl e Conpany is
a local conpany. Only the Maui Land and Pi neappl e Conpany has canning and
processing facilities in Hawaii (Rohrbach). Al of Del Monte's production
from approxi mately 5,000 acres under cultivation, is destined for the fresh
mar ket (Kehl or).

Both Dol e and the Maui Land and Pi neappl e Conpany own the |and they use for
growi ng pi neapples, while Del Mnte | eases | and (Rohrbach). Del Monte's

pi neappl e pl antations are in Kunia and Poanpho, both in Wahiawa in Cahu. The
l ands that are under cultivation in Kunia are | eased fromthe Canpbell Estate



Table 1--Pineapples: Number of farms, acreage, production, disposition, price, and value, Hawaii, 1973 to
date

Acreage utilized Disposition Farm Price Value of
Year Farms used for production production
crop 1/ 2/ Fresh Fresh 2/
Processed market Processed market
2/ 3/ 4/ 5/
1,000

Number acres-----—-—-——--—- 1,000 short tons---—--—-—————- —- Dollars per ton -- 1,000 dollars
1973 33 57.5 810 748 62 43 120 39,600
1974 20 55.0 700 641 59 49 150 40,259
1975 20 50.0 720 657 63 48 160 41,616
1976 17 48.0 680 611 69 63 210 52,983
1977 17 45.0 690 607 83 67 260 62,249
1978 18 43.0 675 580 95 58 310 63,090
1979 18 44.0 681 587 94 67 320 69,409
1980 18 43.0 657 556 101 76 340 76,596
1981 18 41.0 636 519 117 85 390 89,745
1982 18 36.0 670 542 128 82 390 94,364
1983 18 35.0 722 602 120 88 395 100,376
1984 18 35.0 600 481 119 88 400 89,928
1985 18 34.5 565 441 124 90 410 90,530
1986 19 36.0 646 514 132 90 405 99,720
1987 12 36.1 692 558 134 91 362 99,286
1988 12 34.6 659 526 133 99 416 107,402
1989 10 32.7 580 435 145 90 408 98,310
1990 10 30.9 575 434 141 120 385 106,365
1991 10 28.4 555 430 125 130 415 107,775
1992 21 26.2 550 420 130 110 430 102,100
1993 20 22.0 370 235 135 110 400 79,850
1994 15 22.3 365 235 130 110 408 78,890

NA = Not available.

1/ Acreage is crop acres, not harvested acreage. 2/ Fresh-weight basis. 3/ Beginning in 1983, excludes
sales of fresh pineapple (without tops) included in processing utilization. 4/ Value of fresh fruit
delivered to processing-plant door. 5/ Value of fresh fruit at wholesale establishments for local sales and
shippers dock for mainland and foreign sales.

Source: Hawaii Department of Agriculture.



Table 2--Pineapple production, 1992 and 1987

1992 1987
Geographic Harvested Irrigated Harvested Irrigated
area
Farms Acres Quantity Farms Acres Farms Acres Quantity Farms Acres
Tons Tons
United Statex1 15,500 556,748 8 12,887 18 22,262 683,182 9 19,674
States
Hawaii, totaRl 15,500 556,748 8 12,887 18 22,262 683,182 9 19,674
Counties
Hawai i 10 10 150 - - 4 6 56 - -
Honolulu 2 (D) (©)) 2 (D) 3 (D) (D) 3 D)
Kauai 4 (D) 85 2 (D) 3 3 70 1 (©))
Maui 5 8,997 (©)) 4 (D) 8 (D) (D) 5 (©))
- = None

(D) = Data are not published to avoid disclosure, but are included in U.S. totals.

Source: 1992 Census of Agriculture (Hawaii Report).



Table 3--Pineapple farms in Hawaii with sales of $10,000 or more, by county, 1992 and 1987

1992 1987
Geographic
area Farms Acres Quantity Farms Acres Quantity
Tons Tons
Hawaii, total 10 15,488 556,563 12 22,254 683,086
Counties
Hawai i 2 D) (@) - - -
Honolulu 2 D) (@) 3 (D) (D)
Kauai 1 D) (@) 1 (D) (D)
Maui 5 8,997 (@) 8 (D) (D)
- = None

(D) = Data are not published to avoid disclosure, but are included in Hawaii totals.

Source: 1992 Census of Agriculture (Hawaii Report).
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and the state of Hawaii, while those in Poanpho are | eased
fromthe Gal braith Estate (Kehlor).

These conpanies hire local |abor. Previously, the |aborers
working in the pineapple fields lived in "canps" scattered
over the plantations, in hones that were no better than
shacks. Today, the renmining pineapple communities are
attractive with spacious, single wall, hones of a nore nodern
desi gn (Kehlor).

The Pi neapple G owers Association of Hawaii is a trade
organi zation active in advertising and creating markets for
pi neapple in the continental United States.

Producti on Concentrated in Three |sl| ands

Maj or pi neappl e production areas are found on the islands of
Lanai, Maui, and Cahu. Dole Conpany has plantations in Lana
and Cahu, the Maui Land and Pi neappl e Conpany has pl antations
in Maui, and Del Monte has plantations in Gahu. The few
smal | hol der pineapple farnms are | ocated on the islands of Mu
and Hawaii (Evans, et al.).

The Pi neappl e Market

Supply

U.S. pineapple production, represented entirely by Hawaii's
output, realized a year-to-year decline in 15 of the past 22
years, largely reflecting a drop in acreage (Table 1). Qutput
has been cut by nore than half, from 810,000 tons in 1973 to
365, 000 tons in 1994.

| mproved production technology has led to growh in pineapple
yields, partly offsetting the inpacts of |ower acreage.
According to the Hawaii Departnent of Agriculture, yields per
gross acre increased by 58 percent between 1960 and 1990, from
11.8 tons to 18.6 tons.

The value of U. S. fresh-wei ght pineapple production doubl ed
from$39.6 mllion in 1973 to $79.8 mllion in 1993 (Table 1).
In 1994, the value of production declined slightly to $78.9
mllion, due mainly to a decrease in output vol une.

The processing sector is an inportant part of Hawaii's

pi neappl e i ndustry, particularly on the island of Maui
However, Oahu is the nmjor shipper to the nmainland and for
export since Maui |acks direct mainland shipments and Iimted
direct air freight capacity (University of Hawaii).
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On a product weight basis, Hawaii's canned fruit production
totalled 93.5 nmillion pounds in 1993, while pineapple juice
production was reported at 20.7 mllion gallons (Tables 4 and
5). Qutput of both products dropped 44 percent fromthe
previ ous year's level. The total processor value of canned
fruit and

12



Table 4--Canned pineapples: Supply and utilization, product-weight basis, 1975 to date

Supply utilization
Year
Total Consumption
Production 1/ [Imports supply Exports Total Per capita
———————————————————————————————————————— Million pounds ----—-————-————- Pounds
1975 484 .4 310.9 795.3 39.6 755.7 3.50
1976 436.2 368.0 804.2 34.3 769.8 3.53
1977 419.1 387.6 806.8 34.4 772.3 3.51
1978 393.7 381.5 775.2 31.0 744 .2 3.34
1979 398.4 450.2 848.7 25.4 823.3 3.66
1980 351.4 461.9 813.3 20.2 793.0 3.48
1981 328.0 429.7 757.7 23.5 734.2 3.19
1982 342.5 427 .8 770.3 26.8 743.5 3.20
1983 380.4 404.9 785.3 26.6 758.8 3.24
1984 304.0 418.1 722.1 28.1 694.0 2.94
1985 278.7 526.6 805.3 16.2 789.2 3.31
1986 324.8 558.7 883.6 22.2 861.4 3.58
1987 222.0 528.8 750.8 15.9 734.9 3.03
1988 209.3 547.7 757.0 27.5 729.5 2.98
1989 173.1 649 .4 822.5 19.9 802.6 3.24
1990 172.7 604.0 776.7 15.5 761.2 3.05
1991 171.1 632.8 803.9 18.5 785.4 3.11
1992 167.1 761.6 928.7 14.0 914.7 3.58
1993 93.5 761.9 855.4 9.7 845.7 3.27

1/ Approximated from processed use, National Agricultural Statistics Service.

Source: USDA, Economic Research Service.
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Table 5--Pineapple juice: Supply and utilization, 1975 to date

Supply utilization
Year Total Consumption
Production 1/ Imports supply Exports Total Per capita
———————————————————————— Million gallons -------———————————————-Gallons
1975 32.4 14.2 46.6 1.7 44 .9 0.21
1976 31.8 14.6 46.4 1.5 44 .9 0.21
1977 33.2 21.4 54.6 2.1 52.4 0.24
1978 32.5 24.7 57.1 2.8 54.3 0.24
1979 32.9 34.0 66.9 2.4 64.5 0.29
1980 34.1 39.8 73.9 3.7 70.1 0.31
1981 31.8 37.3 69.2 4.1 65.1 0.28
1982 33.2 38.0 71.2 4.2 67.0 0.29
1983 36.9 32.6 69.5 4.1 65.5 0.28
1984 29.5 37.7 67.2 3.3 63.9 0.27
1985 27.0 56.6 83.7 2.9 80.8 0.34
1986 31.5 65.9 97.4 2.7 94.7 0.39
1987 49.1 56.5 105.6 1.8 103.8 0.43
1988 46.3 60.0 106.3 1.9 104.4 0.43
1989 38.3 74.0 112.3 2.7 109.6 0.44
1990 38.2 89.4 127.6 3.4 124.2 0.50
1991 37.8 92.9 130.8 3.9 126.8 0.50
1992 37.0 87.9 124.9 3.5 121.4 0.48
1993 20.7 89.0 109.7 2.3 107.4 0.42

1/ Approximated from processed use, National

Source: USDA, Economic Research Service.

Agricultural Statistics Service.
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juice production in 1993 was $86.6 mllion, fresh weight basis, down significantly from
1992 (Table 6).

Decl i ni ng donmestic production is augnented by inports from other pineapple-producing
countries, such as Thailand, Philippines, Costa Rica, Mexico, and Honduras. Mexico was
the |l argest supplier of fresh pineapples to the U S. nmarket during the early 1980's,

but since the 1983 Cari bbean Basin Initiative established duty-free status, inports
fromCentral Anerica have increased (USDA, ERS). In 1993, 57 percent of U S. fresh and
frozen pineapple inports were from Costa Rica, and 21 percent were from Honduras, with
only about 6 percent from Mexico (Table 7).

Thai | and supplied nearly half of U S. prepared and preserved pineapple inports in 1993,
and about 47 percent of all U S. inports of pineapple juice (Tables 8 and 9). The

Phi |'i ppi nes was the second-I|argest supplier of these products to the U S., accounting
for 37 percent and 42 percent of the total, respectively.

U. S. pineapple inports are nmuch | arger than pineapple exports. |Inports of pineapple
products (canned and juice) represent about 75-85 percent of total supplies, while
exports are about 2-4 percent of inmports. U S. canned pineapple exports are mainly
shi pped to Japan and Canada.

Denmand

Pi neappl es are primarily used in salads and desserts or eaten plain. They can also be
made into juices and jans, or used as a garnish for beverages. Canned products cone in
the formof sliced, crushed, or cubed pineappl es.

Wi | e canned pi neappl e represents nore than half of Hawaii's pineapple output, there is
a growing trend towards fresh market use. The increasing demand for fresh-market

pi neappl es may be attributed to consuner education, to better quality control, and to

i mproved packi ng techni ques and product novenent. In 1994, fresh pineappl es accounted
for 36 percent of total utilized production, up from 22 percent in 1985 (Table 1).

Consunption of fresh-nmarket pineapples has trended upward since 1970. Based on a
fresh-wei ght equival ent, fresh pineapple consunption was estimated at 2.05 pounds per
person in 1993/94, up from0.70 pounds per person in 1970/71 (Table 10).

Consunption of processed pi neapples, on the other hand, increased from 11.13 pounds per
person in 1970/ 71 to only 11.84 pounds in 1993/94, and has realized consi derabl e year-
to-year fluctuation. Per-capita canned consunption has been the nost variable, while
per-capita juice consunption has trended upward (Tables 4 and 5).

Hawai i ' s pineapple industry will likely continue to face strong conpetition from nmgjor
pi neappl e- produci ng countries such as the Philippines, Thailand, and Mexico. Wile
still the major supplier of fresh pineapples in the mainland Wst Coast nmarket,

shi pmrents of fresh-market pineapples are not

17



Tabl e 6--Pi neapples: Value of fresh narket and processed utilization,
State of Hawaii, 1990-94

Fresh market sales Processor val ue Tot al val ue

val ue of Fresh market
Local Shi pped Val ue? canned fruit and

Year out - of - and juice processed*

st at e! productiond

-- 1,000 tons -- o -------------- Mllion dollars --------------
1990 32.7 108. 3 54.3 161.6 215.9
1991 20.2 104. 8 51.9 172.7 224.6
1992 17.7 112.3 55.9 141.8 197. 7
1993 29. 4 105. 6 54.0 86.6 140. 6
1994 17.0 113.0 53.0 NA NA

NA = Not avail abl e.

! Market News Service, Hawaii Department of Agriculture. Includes all destinations.
2 Val ue FAS shipping point for outshipnments, delivered whol esal ers | ocal sales.

8 Val ue of canned fruit and juices and by-product shipped out-of-State and sold within
State.
4 Pineappl e Growers Associ ation of Hawaii .

18



Table 7--U.S. inports of fresh and frozen pi neapple, by country, 1989-93

Country 1989 1990 1991 1992 1993

———————————————— 1,000 pounds -------------------

Costa Rica 119, 673 122, 136 112, 689 129, 103 161, 718
Hondur as 30, 115 32, 957 56, 291 69, 344 58, 857
Dom ni can Republic 56, 549 85, 105 71, 333 55,570 38, 610
Mexi co 7,059 8,675 12, 233 14, 855 17, 150
Thai | and 6,113 3,585 2,848 4,266 5,977
Hong Kong 0 0 196 154 851
Guat emal a 11 0 20 849 681
| ndonesi a 320 287 0 82 518
Col onmbi a 765 1,175 187 49 218
Panama 0 0 0 0 57
Ot her countries 1,711 646 154 280 110
Wor | d 222, 316 254, 565 255, 952 274, 550 284, 747

Source: U.S. Department of Commerce, Bureau of the Census.
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Table 8--U. S. inports of prepared and preserved (canned) pineapple,
by country, 1989-93 1/

Country 1989 1990 1991 1992 1993

———————————————— 1,000 pounds -------------------

Thai | and 305, 843 286, 495 270, 075 384, 953 379, 243
Phi | i ppi nes 255, 734 203, 462 258, 600 282, 599 283, 219
I ndonesi a 33,713 26, 896 30, 062 36, 299 42,091
Japan 19, 052 53, 455 29,701 15, 159 29, 262
Mexi co 13, 832 12, 410 12, 339 13, 065 8, 247
Si ngapor e 12, 231 8,128 4,312 5,470 6,773
Mal aysi a 16, 184 11, 316 8, 038 5, 049 5,529
Domi ni can Republic 13 55 40 187 2,013
Hondur as 2 0 0 201 1,032
Tai wan 1, 325 869 675 485 840
Ot her countries 8, 807 16, 543 30, 080 18, 089 3, 686
Wor | d 666, 737 619, 630 643, 921 761, 555 761, 934

1/ Totals may not nmatch inport nunbers in table 4 due to differences in code
definitions for canned pineappl es.

Source: U S. Departnent of Comrerce, Bureau of the Census.
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Table 9--U. S. inports of pineapple juice, by country, 1989-93
Country 1989 1990 1991 1992 1993
———————————————— 1,000 gallons ------------------
Thai | and 29, 147 35, 635 31, 537 35, 363 41,768
Phi | i ppi nes 37,582 31, 491 42,784 41, 461 37, 689
Costa Rica 221 2,068 3,141 1,973 2,859
Japan 1, 245 7,249 3,691 3,417 2,536
Domi ni can Republic 152 722 3,910 1, 230 1,437
Hondur as 961 890 1, 066 1, 142 984
| ndonesi a 440 710 708 288 871
Mexi co 372 3,203 2,753 1, 230 220
Brazi | 1, 087 259 0 299 79
Hong Kong 718 5, 858 1,748 30 43
Ot her countries 2,072 1, 290 1, 590 1, 461 515
World 73,997 89, 375 92,929 87, 895 89, 000

Source: U S. Departnent

of Conmmerce
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Tabl e 10--Per capita consunption of pineapples, fresh-weight equivalent,
1970/ 71 to date

Year 1/ Fresh- mar ket Processed
pi neappl es pi neappl es

--------------- Pounds ----------------

1970/ 71 0.70 11.13
1971/ 72 0. 65 11.08
1972/ 73 0.78 10. 62
1973/ 74 0.92 8. 69
1974/ 75 0.90 7.83
1975/ 76 1.03 9.10
1976/ 77 1.15 9.12
1977/ 78 1.36 9.56
1978/ 79 1.45 9. 37
1979/ 80 1.47 10. 55
1980/ 81 1.50 10. 57
1981/ 82 1.57 9.70
1982/ 83 1.66 9. 80
1983/ 84 1.70 9.73
1984/ 85 1.50 9. 07
1985/ 86 1.49 10. 74
1986/ 87 1.75 12.02
1987/ 88 1.70 11.59
1988/ 89 1.81 11. 48
1989/ 90 2.04 12.19
1990/ 91 2.05 12. 66
1991/ 92 1.92 12.84
1992/ 93 2.00 13. 25
1993/ 94 2.05 11.84

1/ Cal endar-year estimates, with harvest in the first year shown.

Source: USDA, Econom c Research Service
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expected to increase significantly in the future. This is because the Wst Coast

mar ket is essentially saturated, and Central Anerica will continue to be a mgjor
conpetitor in the marketing of fresh fruits and sonme juice in the nore distant M dwest
and East Coast narkets.

To gain a greater share of the world nmarket for pineapples, sone analysts believe that
Hawai i nust devel op new niche markets. The Canadi an and Japanese specialty fruit
mar ket (for tourists) may provide such a niche (University of Hawaii).

Prices

The Hawaii Agricultural Statistics Service reports two annual series of farmprices for
Hawai i an- gr own pi neapples. The first series reports the value of fresh pineappl es at
whol esal e establishments for both |local sales and for shipping to the mainland and
foreign countries. The second series reports the value of fresh pineapples delivered
to processing-plant doors.

Prices for fresh-market and processi ng pineapples have increased over the last 22 years
(Table 1). VWhile the rates of increase have fluctuated over tinme, |arger price

i ncreases occurred during the early 1970's when the U. S. market was expandi ng and
Hawaii was still the major supplier of pineapple to the U S. nmainland. In nore recent
years, declining production in Hawaii and rising inports have kept donestic farm prices
relatively stable.

The Market News Branch of the Agricultural Marketing Service also reports daily
whol esal e prices for pineapples in 16 major markets.

Cultivation and Managenent Practices

Commerci al pineapple production in Hawaii is based on a two- or three-fruit crop cycle
requiring approxinmately 32 or 46 nonths for conpletion (Rohrbach). A newy planted
crop nust grow for about 18 nonths before the first fruit harvest or "plant crop.” Two

subsequent fruitings, which are known as the "ratoon crop," are produced from
vegetative suckers on the plant. After the second ratoon crop, the renmining plant
mat eri al can be di sked down and incorporated in the soil, allowed to deconpose on the
surface, or burned. The fields are then replanted.

Location and Climte

Pi neappl es in Hawaii are grown at el evations below 2,800 feet, with nmean annua
tenperatures ranging from65° F to 79° F. Gowing sites should have relatively coo
ni ght tenperatures, and day tenperatures ranging from70° F to 85° F (Evans, et al.).
Normal Iy, mpost plants will not grow at tenperatures bel ow 55° F or above 90° F.

The anmount of sunlight is also a critical factor in achieving good plant growth and
fruit quality (Paull). Too little sunshine may retard plant growh and result in snall
fruits that are usually lacking in sweetness, while over-exposure to the sun may cause
sunburn to nearly mature fruit (Seelig).
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Pi neappl es can tolerate winds. Yields, however, are reduced when adequate npisture is
| acking. An evenly-distributed rainfall of 60 centinmeters (cn) per year is adequate
for maxi mum gromt h (Evans, et al.).

Land Preparation

Field preparation initially entails cutting up and pl owi ng under the thick stands of
old plants. Plowing the soil will inprove drainage and aeration. |In addition, the

pl ant material, when deconposed, will|l provide excellent nutrition for the new crop
The fields are then di sked and harrowed until the surface is snoboth (Seelig).
Sonetines, animal manure is added to increase soil potassiumand inprove mcronutrient
availability.

In nost comrercial pineapple plantings in Hawaii, the fields are fum gated and
fertilized prior to laying black polyethylene mulch (approximtely 90 cm wi de) on the
planting beds. Muilch hel ps conserve soil noisture, pronotes rooting, controls weeds,
prevents fum gant evaporation, keeps the soil warm and al so increases the action of
certain beneficial soil bacteria (Elder; Evans, et al.). Milching, however, is not
beneficial in areas with high tenperatures and rainfall because it nmay encourage root
rot and the soil tenperatures are already warm enough to pronote root grow h.

Soi | Requirenents

Pi neappl es adapt to many soil types, but will not tolerate poorly-drained soils. They
are best grown on highly fertile, acid soils that are rich in organic matter. Soil-
borne di seases are reduced when soil pHis between 4.5 and 5.5. Soils with pH readings
greater than 7.0 should be avoided. |In addition, planting beds that are at |east 8

i nches high are recomended for soils that have inperfect drainage (Evans, et al.).

Varieties

Di fferent pineapple varieties are available worldwi de (Table 11). The mmjor varieties
i nclude "Cayenne," "Spanish," "Queen," "Pernanbuco," "Sugarloaf," and "Cabazoni." The
"Cayenne" variety is also known as the "Snpoth Cayenne" because spines are absent in
the leaf margins. |In Hawaii, the "Snpboth Cayenne" is produced al nost exclusively
(Evans, et al.).

Pl anti ng
Pi neappl es can be planted all year round in Hawaii, although nost plantings occur in
the fall. They are generally grown as a nonocul ture crop because of the high capita

i nvestment in processing machinery, field equi pnent, and | and (Rohrbach and Apt).

24



Tabl e 11--Characteristics of different pineapple varieties

Source: Seelig,

R A
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Variety Description Qow ng Area Use Not es

Cayenne Bears large fruits about 3 to 5 1/2 Hawai i, Australia, Fresh and The nost widely

(Snoot h Cayenne) pounds; fruits are cylindrical with Phi | i ppi nes, South canni ng planted variety.
yel l ow flesh; high acid and sugar Africa, and Mexico
content. The Cayenne is

normal |y seedl ess,
but sone varieties
have snmall brown

seeds (E der).

Red Spani sh Bears internedi ate size fruits about 3 Puerto R co, and Quba. Mostly fresh Tough shel | nakes it
to 5 pounds; squarish; pale yellow suitable for
flesh, fibrous, aromatic; spicy, acid shi ppi ng.
flavor.

Queen Bears small fruits about 2 to 3 pounds; South Africa, Fresh and Durabl e, keeps wel |
rich yellow flesh; nmld flavor, |ess Australia, and canni ng when mature and
acid and | ess juicy. Mal aysi a. therefore good for

the fresh narket.

Per nanbuco Bears small fruits about 3 to 4 pounds, Brazi | Fresh Erratic ripening

( Per nanbuca) cylindrical, slight tapering at top; habi ts and
yel l owwhite, tender, juicy flesh; mld appear ance.
flavored, sweet, less acid than Cayenne.

Sugar | oaf Conical to globular fruits; yellowwhite Mexi co and Cuba Fresh Nane may apply to
flesh, sweet, rich flavor. various varieties.

Cabazoni Bears large fruits about 5 to 10 pounds; Puerto R co Local fresh Not abl e nainly for

(Cabezona) yel lowwhite flesh; fairly good flavor. si ze.




Pi neappl es are produced through vegetative nmeans using various parts of the parent

plant. Propagating materials cone in the formof slips, suckers, crown, or hapas
(Table 12). Crowns and slips are currently the nost popular planting material in
Hawai i, while suckers are the |east preferred (Evans, et al.).

Slips or shoots are harvested froma parent plant and dried for about a week to prevent
rotting. The dried plant parts are manually inserted through the black plastic nulch
and into the ground with the aid of a planting tool, such as a spatul a.

Pi neappl es are usually planted in doubl e-row beds which are di stanced about 4 feet (122
cm) fromcenter to center. The rows within a bed are about 2 feet apart (50-60 cm and
the plants within a row are spaced nearly one foot (28 cn) apart. This planting
di stance generally yields approxi mtely 58,700 plants per hectare (Evan, et al.).

Wth the aid of growth regul ators, pineapple plants are forced to flower 9 to 13 nonths
after planting, conpared with the natural period of 10 to 16 nmonths. Consuners usually
prefer smaller fruits for fresh consunption. Hence, fruits for the fresh market may be
forced to flower earlier than those destined for processing (Evans, et al.).

Smal | pink flower buds, formed of fleshy bracts and resenbling a pine cone, appear in
the center (heart) of the plants. In Hawaii, this occurs naturally on short, coo
days, usually in Decenber (Evans, et al.). When the buds are 2-3 inches long, tiny
purplish-blue flowers appear between bracts, beginning at the base.

Each fl ower bloons for one day only, progressing in a spiral pattern to the top of the
bud, and becones the fruit (Elder). After all petals have dried, the inflorescence is
said to be at the "dry petal" stage, wherein the surface is dull, individual fruitlets
("eyes") are pointed, and a crown has just begun to devel op

After the first harvest (about 18 nonths from planting), one or nore suckers continue
to grow to produce the ratoon crop.! Ratoons average about one fruit per plant with
t he high plant populations currently used in Hawaii. Ratoon crops are forced five to
seven nmonths after the "plant crop” (first) harvest. The ratoon fruit is usually
smal l er, sweeter, less acidic, and nore aromatic than the fruit of plant crops. A
second ratoon can be taken in a good field having adequate soil fertility and | ow
nemat ode popul ati ons (Evans, et al.).

1 A sucker is a stalk or shoot that arises fromthe root or crown of a
perenni al plant. Pineapple suckers generally arise from bel ow the devel opi ng
pi neapple fruit.
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Table 12--Pl ant parts used in vegetatively propagating pi neappl es

Plant Part Description C her Notes
Sips These are | eafy shoots originating fromthe For planting purposes, slips are
axillary buds borne at the base of the fruit. harvested fromthe peduncle two or five
They becone visible on the peduncle (fruit months after the plant crop harvest (10
stal k) when the fruit is about hal f devel oped. to 13 nonths after slip growth starts).
They are cured by dipping in fungicide.
Slips are planted within a nonth after
harvest for best results. However, they
may be stored butt end up in a dry place
for up to one year.
Wien not used for planting, slips are
renmoved fromthe plant to increase fruit
harvest.
Sucker s These are secondary shoots that start bel ow the They are cut fromthe stemwith a knife
ground froman underground stem QGowth usually after harvesting the fruit.
begins at the flowering stage. They are |arge
when col | ected and may flower precociously.
QO owns These is the shoot produced on the top of the For planting purposes, they are tw sted
fruit. fromthe fruit at the time of harvest.
The wound is dried or "cured" for one to
It has a short starch-filled stemw th meristem two weeks or dipped in fungicide when
and | eaves, making it capable of fornmng a pl anted soon after harvest. The crown
conpl ete plant once planted (Broadley, et al.). butt, conposed of fruit tissues highin
sugars, is trimmed to reduce the chance
Conpared to slips, they grownore slowy and are of rot.
| ess drought resistant. However, they have the
potential to devel op better root systens.
Hapas These are internediate in formbetween slips and Production is limted in Hawaii .

Sour ce: Evans,

et al.

suckers. They are borne at the base of the

peduncl e and are easily broken fromthe plant.

They are straighter than slips and |ack the

slip's inperfect fruit structure at the base.
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Fertilization

Large amounts of nitrogen, potassium and iron, and small-to-noderate anmounts of
phosphorus and cal cium are essential to successful pineapple production. Low nutrient
| evel s can cause severe yield | osses.

Fertilizers are usually applied during the growing and fl owering stages of production
but before fruit development. Fertilizer requirenents increase sharply after the first
five nmonths of plant devel opment, and peak at two to four nonths before flower
initiation (Evans, et al.).

Synmptoms of nitrogen and iron deficiencies are yellowi ng of the | eaves, and later, a
red coloration on the young fruit (Seelig). Frequent foliar applications of iron are
usual |y necessary in Hawaii because pineapple is not able to extract soil iron
efficiently fromlow pH soils (Evans, et al.). Sonetines, animl manure is applied as
a supplement for iron fertilizers.

Pre-plant fertilizer applications are carried out via drip irrigation, while foliar
broadcast sprays use truck-munted boom sprayers. The trucks nmove from roads which are
equal |y spaced throughout the field (Rohrbach). G owers should be careful when
applying fertilizers, particularly foliar sprays, because m xing m scal cul ati ons can
burn plants.

Irrigation

The pineapple plant's ability to store water increases its drought tol erance. Good
fruit quality can still be achieved with as little as twenty-five inches of rainfall a
year, as long as it conmes at the right tinme (Elder). |In drier areas, however
irrigation is inportant.

Pi neappl es have the ability to grow and produce under a w de range of rainfal
conditions. However, uniformnnoisture is required for good growh and economnic
production. Excess noisture can result in total |oss of the root systemif pathogens
are present (Rohrbach and Apt).

Drip irrigation is a standard practice in Hawaii. It helps alleviate the effects of
root damage caused by nemat odes and reduces npisture stress since water is delivered
directly to the root zone. During periods of low rainfall, 47,000 to 94,000 liters of
wat er per hectare per week are required for maxi mumgrowth (Evans, et al.).

For ci ng

"Forcing" refers to the field application of growh regulators to initiate or pronote
early flowering. Pineapple plants are induced to flower approximtely 1 year after

pl anti ng (Rohrbach and Apt). Forcing is nost effective when done during cool er
seasons. Et hephon, an ethyl ene-rel easi ng conpound, is the nost comonly used growth
regulator in Hawaii. O her growh regulators include ethylene and acetyl ene.

There is a positive correl ation between the size of the plant at the time of forcing
and fruit size at harvest. Hence, producers usually practice earlier forcing if they
are selling to the fresh fruit market, where small-size fruit is desirable. In
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general, "Snmpoth Cayenne" pineapple produces a fruit equal in weight to the plant's
fresh weight at flowering (Evans, et al.).

Harvesting Practices

Pi neapple fruits are harvested year-round both for fresh use and for canning. Over the
years, harvesting has remined a | abor intensive operation, as it requires hand picking
the fruits fromthe plant. Mechanical aids, such as conveyor belts on a boom are now
used to move the harvested fruits to trucks, where they are stacked in bins for
transport (Rohrbach).

For best fruit quality, pineapples should be harvested at their fully-ripe stage. The
first fruits ripen about 18 nmonths after planting, usually 6 to 8 nonths after flower
initiation. Subsequent fruitings or "ratoon crops"” mature in about 14 nonths from

rat oon sucker developnent. Fruits generally range from5 to 10 inches in height, and
from5 to 20 pounds in weight (Seelig).

Har vest - r eady pi neappl es can only be detected by visual inspection. A "Snpboth Cayenne"
fruit is ripe when individual eyes are flattened and gl ossy, and when the shell color
changes fromyellow to yell ow orange. However, fruit shell color can be at tines a

m sl eadi ng i ndicator of ripeness. Environnental and seasonal factors can trigger flesh
ri peness even while the fruit shell color remai ns unchanged. There are also tines when
wat er stress during the fruit devel opnent stage of ratoon crops results in the conplete
yel l owi ng of fruits before picking.

Col or changes appear first at the base of the conmposite fruit and nove toward the top
(Evans, et al.). The half-yellow stage is regarded as ripe. At this stage, total
sol uble solids and titratable acidity reach maxi mum |l evels (Paull).

Pi neappl es are highly perishable when harvested ripe. |In fact, the fruits' market life
is reduced as it approaches the fully ripe stage. As a general practice, therefore,
fresh-mar ket pineapples are harvested before they are fully ripe, a stage known as

mat ure-green. " Snooth Cayenne" pineapples for processing are harvested when about one-
third of the shell is yellow. As a consequence, fruits are | ess pal atable and nore
prone to chilling injury.

Fruit ripening does not occur after a pineapple is harvested. The pineapple has no
starch reserve, so no material can be converted to sugar after cutting fromthe plant.
Hence, the fruit will never be any sweeter than when picked. However, sone acid can be
lost fromthe fruit through respiration, and, once harvested, a fruit may becone |ess
acidic over tinme (Seelig).

For fresh-market pineapples, the crowns are |eft attached and care is taken to avoid
damage to these | eaves (Paull).

Pi neapples in Hawaii are di pped or sprayed with a fungicide. This comercial treatnent
is done to control black rot, the nmjor post-harvest fruit rot. A wax is also applied
to the fruit to reduce the risk of internal browning fromchilling injury, reduce water
| oss, assure nore even application of fungicide, inprove fruit appearance, and reduce
qual ity changes during storage, shipping, and retailing (Paull and Rohrbach).
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Pi neappl es shoul d be pre-cooled inmediately after harvest to renove field heat, which
causes rapid deterioration in fruit quality. They should also be harvested during the
early nmorning hours to minimze field heat accunul ati on.

The recommended tenperature and relative hum dity for pineapples during pre-cooling
ranges from45° F to 55° F. The two nethods of pre-cooling used for pineapples are
forced air cooling, which involves drawing air through stacks of containers of

pi neapples in a refrigerated room and room cooling, which involves stacking containers
of pineapples in a refrigerated room (MG egor). Some pineapples are nisted or sprayed
wi th water during room cooling.

Packi ng and Shi ppi ng Fresh Pi neappl es

Fresh pi neappl es are generally hand-packed in fiberboard boxes for shipping. Boxes are
ei ther 40-pound tel escoping cartons hol ding between 9 to 12 fruits, or 20-pound cartons
(or half-cartons) holding 5 or 6 fruits. The fruits are packed flat to avoid
conpressi on damge to the crowns.

The transit and storage life for fresh pineapples ranges from2 to 4 weeks (MG egor).
They can be transported in air cargo containers, highway and piggyback trailers, or
vans. Most pineapples are shipped in refrigerated containers by surface transportation
(Akam ne and Goo). Currently, 25 percent of Hawaiian pineapple exports are shipped by
air (University of Hawaii).

Gradi ng Fresh Pi neappl es

A good pineapple is plunp, fresh, fragrant, and |large, with deep-green crown | eaves.
It should be free of bruises (discolorations or soft spots), molds, and unpl easant
odors. The grades used in standardi zi ng pi neapples marketed in the United States are
U.S. Fancy, U. S. #1, and U. S. #2. Correspondingly, Hawaii's whol esal e grades are
Hawai i Fancy, Hawaii #1, and Hawaii Cocktail (Seelig).

U S. #1 is the chief trading grade for pineapples. Pineapples classified under this
grade category are of similar varietal characteristics and are mature, firm dry, well-
formed, and free from decay, sunscald, and damage due to bruising, insects, diseases,
rodents, or machines.
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Mar keting Practices for Fresh Pineapples

Fresh-mar ket pi neapples are available all year, although they are in |arger supply from
March through June. Recent marketing activities to increase the demand for fresh

pi neappl es have included the use of retail store peeling machines, increased sal es of
fresh chilled products, and reduced fruit size (Rohrbach). Many fresh pineapple
consuners prefer a 4.0-pound fruit with the crown attached, rather than the 4.5-pound
fruit with no crown that is used in canning operations (Kehlor).

The maj or pineapple conpanies in Hawaii sell nost of their fresh produce to whol esalers
on the West Coast. Dole and Del Mnte sell all of their Hawaiian-grown pineapples to
the fresh market. Their processed production conmes mainly from foreign-based
operations. The Maui Land and Pi neappl e Conpany, on the other hand, is the only
conpany with U. S. canning and processing facilities, and has no private labels for its
processed products.

The smal |, independent pineapple growers sell locally within the state. Sone of these
| ocal sales are through roadsi de markets, and some are direct sales to hotels and
restaurants (Rohrbach).

Costs of Production

Because of the large | abor cost associated with hand picking mature fruits, harvesting
costs are approxi mately 50 percent of total production costs (Table 13). Wen offering
crop insurance for pineapples, the relatively high harvesting costs nay encourage nora
hazard situations during periods of |ow prices. The reason being is that as narket
prices fall bel ow break-even |levels, growers may prefer to abandon their crop to
receive an indemity, and hence, face smaller |osses than if they sold their product in
t he mar ket pl ace.

Producti on Perils

Pi neappl e growers in Hawaii are often confronted with plant and fruit | osses caused
primarily by di seases, insects, and other pests (Chia). Wather-related perils are not
as nmuch of a threat to pineapple production as to other crops (Rohrbach). In some
cases, however, excessive rains, excessive heat, and prol onged drought can lead to

| osses. Frost and hail occur rarely. Pineapples are also fairly tolerant of high

wi nds. Other causes of loss are errors in crop managenent and nutritional inbal ances.

Excessi ve Rains

Excessive rains can flood fields, especially those in areas with poor soil drainage,
and may reduce plant vigor. Excess nmoisture for an extended period can result in total
| oss of the root systemif pathogens are present (Rohrbach and Apt). This condition
provi des a favorable environnent for the devel opment of root rot, butt rot, and heart
rot, and can pronote weed invasion. Heavy rains can also wash out new y-pl anted crowns
or slips.
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Tabl e 13--Costs of pineapple production in Hawaii, 1974

ltem Dol | ar per acre

Land Preparation 102
Prepl ant materials 334
Seed/ pl anti ng 385
Irrigation 252
Post pl ant 295
Har vest 1, 233

Subt ot al 2,601

Source: Philipp, P. F. and H L. Baker. Table 13
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For fruits maturing under relatively | ow noisture conditions, heavy rainfall during
the final stages of fruit enlargenent could produce cracks in the tissues between
fruitlets, serving as entry points for pathogens (Rohrbach and Apt).

Excessi ve Heat

Excessive heat for a prolonged period during the bl ossom stage can cause nmajor fruit

| osses. Over-exposure to the sun's rays can cause cell danmage to the developing fruit
and crown. This usually results in malformed fruits and missing, partially devel oped,
or multiple crows, with the fruit rendered unsuitable for the fresh market. Synptons
only becone visible as the fruit devel ops.

Ext ended hot weather can al so cause sunburn to the fruits, especially ratoon fruits,
which growin a tilted position. Fruits with mld sunburn are unsuitable for the
fresh market, but can still be processed. Severely burned fruits are rejected in both
markets. A mildly sunburned fruit has a bl eached- yell ow appearance on the exposed
side, while a severely burned fruit has a sunken, spongy, brown skin lesion in the
center of the bleached area (Kelly and Barthol onew).

Fruits that devel oped over the winter and are then exposed to unseasonably hot spring
conditions while maturing nay suffer frompremature flesh translucency, also known as
"boiled fruit" (Kelly and Bartholomew). Boiled fruit are soft, very juicy, and often
t astel ess.

Dr ought

Al t hough pineapple plants do not require large quantities of water, they are likely to
show synptons of water stress during prolonged dry periods. Wen acconpani ed by root
heal t h probl ens, such conditions could result in reduced yields and inferior fruit
quality (Rohrbach; University of Hawaii). Severe water stress during fruit

devel opment may result in reduced fruit weights, shrivelled fruit stenms, and the
breaking off of large fruits (Kelly and Barthol omrew).

Plants growing in areas with shallow or well-drained soils are usually affected first.
Initial signs of water stress are reduced growmh and wilting of the ol der | eaves.
Early drought conditions can be mitigated by irrigation.

Di seases

Heart Rot

Heart rot is caused by two soil-borne fungi, Phytophthora nicotianae var. parasitica
and P. cinnanmom , each of which requires different environnmental conditions to cause
infection. P. cinnamom thrives at higher elevations, which tend to have coo
tenperatures and high rainfall, while P. parasitica thrives at |ower elevations, which
tend to be drier and warner.

Heart rot results fromthe infection of the white tissues at the base of the |eaves.
It can attack the pineapple plant at any growth stage, but young crowns are the nost
susceptible. Heart rot rarely kills the entire root system (Pegg). However, it can
kill young plants during the first six nmonths after planting (Kehlor).
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During the early stage of heart rot infection, the heart |eaves turn yellow or |ight

brown. 1Inits severe stage, heart rot causes the heart leaves to wilt, and the | eaf
edges to roll under, turn brown, and eventually die. The basal white |leaf tissues are
wat er - soaked, rotten, and have a foul snell, and the growi ng point of the stem has a

soft, yell ow brown appearance (Pegg). The young | eaves can easily be pulled fromthe
pl ant.

Pi neappl e heart rot can be controlled by dipping the planting materials in a fungicide
suspensi on (include captan and captafol) before planting. Control can also be
extended by foliar applications of Fosetyl AL at intervals of 3-6 nonths (Rohrbach and
Apt) .

Root Rot

This disease is caused by the fungus P. cinnanom, which favors cool, wet conditions,
and thrives in poorly drained soils. It first attacks the root tips of the plant, and
then noves up the root and into the plant, causing severe root loss and wilting. |If
the infection reaches the growi ng point of the stem it causes heart rot (Pegg).

Simlar to heart rot, root rot causes the |leaves of infected plants to turn yellow or
brown. Plants at the early stage of infection can still recover if treated

i mediately. Plants with severely damaged roots have |linp and dead outer |eaves and
can be easily pulled fromthe ground. Fruits fromthe di seased plants are usually
snmal |l and unmarketable. Application of the fungicide Fosetyl AL is used for control

Fruit Rot

This is a disease caused by the fungus Ceratocystis paradoxa, which thrives in warm
wet weather. It is a major post-harvest problem for Hawaiian-grown pineappl es,
particularly those for the fresh fruit market. Affected fruits have nold growth on
their surfaces, which nmakes themunsightly. Triadinmefon is currently the only

regi stered fungicide for control in Hawaii (University of Hawaii).

Butt Rot (Base Rot)

Thi s disease is caused by the fungus Thiel avi opsi s paradoxa, which favors warm wet
weather. It attacks plants through fresh wounds, such as the broken end of the
planting material. This is the reason why butt rot is conmon in replanted fields.
Planting materials that are harvested during rainy weather and stored in heaps are
al so prone to the disease

Symptons of butt rot infection beconme visible on crowns and slips either before or

i medi ately after planting. A grey to black rot of the soft butt tissue devel ops,

|l eaving only stringy fibers at the base of the stem The young |eaves are the last to
be affected (Pegg).

Butt rot severely reduces plant growh and nmay cause stem breakage. |In serious cases,
the infected plants fail to establish, wilt rapidly, and die (Pegg). To control this
di sease, planting naterials are dipped in a registered fungicide before they are

pl ant ed.
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Sur f ace Eye Rot

This is a new fresh fruit disease in Hawaii caused by a Fusarium species. It affects
1 to 50 eyes per fruit, decreasing fruit quality. Surface eye rot has recently caused
severe problenms following | ong periods of refrigerated storage and several days of

anbi ent tenperature (University of Hawaii). Control methods remain unclear

Fruitlet Core Rot

This disease is caused by the fungi Penicillium funicul osumand Fusarium nmoniliforne.
For the Smpoth Cayenne variety, it is an internal blem sh not normally detected on the
farmand is nost common in fruit maturing during winter and spring. It causes the

center of the fruitlets to turn brown, (sonetinmes extending to the core), and nay
appear either in specks or as a conplete discoloration of one or nore fruitlets.

P. funicul osum attacks during the early cone stage of flower devel opnment, about 9-11
weeks followi ng forcing (University of Hawaii), especially during cool (16° C - 20° Q)
rainy weather. This fungus builds up in trichonmes danaged by mtes and infects the
devel oping fruit between flower initiation and open flower. Cool tenperatures in the
10 to 15 weeks after flower initiation may also result in infected fruits (Pegg).

The fungus F. noniliforme infects through open flowers, wounds, or natural growh
cracks in the maturing fruit, especially under warm conditions (21° C - 27° C) (Peggq).

Hawai i an growers control fruitlet core rot by controlling nmite populations with
Endosul f an.

Inter-Fruitlet Corking

This disease is also caused by the fungus Penicilliumfuniculosum It causes shiny
patches on the shell of young fruits, followed by the formati on of corky |esions and
cracks between the fruitlet eyes. In noderate to severe cases, the corkiness

surrounding fruitlets prevents their development, resulting in deformed fruits (Pegg).
Control measures are simlar to fruitlet core rot.
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Leat hery Pocket

This disease is also caused by the fungus Penicillium funicul osum and occurs
sporadically. It is an internal blem sh characterized by a brown, corky (I eathery)
tissue formed on the walls of the fruitlets. External fruit synptonms are not conmmon.
Current control measures are similar to fruitlet core rot.

Pink Di sease of Fruit

Thi s di sease occurs very sporadically in Hawaii and is caused by the follow ng
bacteria: FErwi nia herbicola, duconobacter oxydans, or Acetobacter aceti. All these
pat hogens infect through the open flower.

Infected fruits do not show visual signs on the outer surface of the fruit, even when
fully mature. However, the fruit flesh may be watery or light pink, with an off-
flavor and snell. Infected fresh fruits may reach consuners undetected. When heated
or cooked during the canning process, the flesh turns dark brown and, consequently,
beconmes unsuitable as a processed product.

Pi nk di sease devel ops al nost exclusively during cool, rainy weather, especially on
wi nter- and spring-ripened fruits. Pineapples are infected during flower initiation
and when air tenperatures fall below 29° C during fruit maturation. Drought before
flowering, followed by rainy conditions during flowering, increase incidence of the
di sease (Rohrbach and Apt).

Until pink disease can be predicted, econonic control will not be feasible. Partial
control, however, can be achieved by applying insecticides during flowering
(University of Hawaii).

Yel | ow Spot

This is a disease caused by the tomato spotted wilt virus. The virus is transmitted
by thrips noving frominfected weeds or crops. Young crowns can be easily attacked
and killed by this virus, although slips and suckers are rarely affected. Infected
crowns that are attached to the fruit kill the fruit fromthe top downwards, while
fruits infected through open bl ossons devel op | arge, open cavities (Pegg).

The di sease causes small, round, yellow spots to formon the upper surface of young
| eaves. Leaves later turn brown and die. The virus spreads to the leaves in the
pl ant heart, naking the plant bend sideways. Infection results in death of the plant.

Pi neappl e fields should be kept clean and free of weeds to prevent the spread of
yel l ow spot, particularly late in the crop cycle before fruit initiation. Gowers
spray for thrips to control the disease (Pegg).
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Meal yvbug Wt

This disease is caused by a closterovirus transnitted by gray and pink pineapple

meal ybugs, or Dysm coccus neobrevipes and D. brevipes, respectively. Mealybug wilt is
transnmitted when neal ybugs feed on young | eaves and then are transferred to other
plants by field ants or the w nd.

The | eaves of infected plants first turn red to pink, and the leaf margins roll under
and wilt. The root tips also die, but the entire root system does not disintegrate as
it does when plants are infected with root rot disease. Under favorable grow ng
conditions, infected plants may still recover, but they will not be able to produce
normal fruit.

Meal ybug wilt in Hawaiian pineapple fields has not been a problemin recent years due
to excellent control of field ants (Rohrbach and Apt). Ants nmay be controlled with
chl ordane, whil e neal ybugs are controlled w th nal at hion

Nemat odes

Nenat odes are a nmgjor limtation to pineapple production in Hawaii. Two conmon
nemat odes attacki ng pi neappl es are the root-knot nenmatode, or Ml oi dogyne spp., and
the reni form nemat ode, or Rotylenchulus reniforns

Root - knot nemat odes are the npbst damagi ng of all nematodes, causing stunting,
yel l owi ng, and death of plants. Populations can reach danmmgi ng size very rapidly
gi ven favorable growi ng conditions. They thrive in well-drained areas, and prefer
sandy soils and well-structured clay | oans. However, they are seldom evenly

di stributed over a large area.

Root - knot nenmatodes initially attack the tips of primary roots, resulting in the
formation of termnal galls. Infection spreads to the |ateral roots, which also form
galls. Severely-damged root systens are constrained in their ability to absorb water
and nutrients and anchor the plant. Under dry conditions, plant growth and yields my
be reduced significantly and the ratoon crop may be totally devastated. Wth enough
moi sture, infected plants may produce a smaller ratoon yield. Severe damage often
occurs when | arge popul ations attack the new crop before the plants' root systens are
fully devel oped (Stirling).

The reniform nematode is a significant problemin pineapple fields in Hawaii and is
now found on all the mgjor islands (Rohrbach and Apt). Popul ations can increase very
rapidly under warm dry conditions. Unlike the root-knot nematode, root synptons are
absent amobng infected plants and their presence is frequently observed very evenly
distributed over a large area. The reniform nenatode feeds on the outer tissues of

| ateral roots, but does not seriously affect the primary roots.

The pineapple industry in Hawaii has adopted the use of Dichl oropropene, a soi

fum gant, as a standard practice to control nematodes. G owers may al so spray
nemati ci des or apply water-soluble fornulations by drip irrigation (Rohrbach and Apt).
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Symphyl i ds

Symphyl a, Scutigerella sakinmurai and Hanseniella unguicul ata, are soft-bodied, white-
centi pede-like soil organisms, 2 to 6 nmlong, that feed on organic natter and the
roots of many plants. They thrive and multiply quickly in high-noisture soils. They
attack the root tips of the plant, stinulating the branching of many short roots
("witches-broomeffect"), and cause poor root anchorage.

Moderate root damage will not significantly reduce plant growh and yields as |long as
the plants are not water-stressed. However, young plants nay be slow to establish
when heavy infestation occurs during planting. In extrene cases, damage can kill the
plants (Waite).

Adequat e soil preparation between successive plantings hel ps control the presence of
synmphyla. Infested soils should be treated with approved materials before planting.

Insects and O her Pests

Pi neappl e Meal ybugs

Meal ybugs are sap-sucking insects feeding on the roots, butt, stem |eaves, flowers,
and fruit of pineapple plants. They becone a problem when they are present in |arge
nunbers, usually during the warnmer nmonths. |In Hawaii, gray meal ybugs are found mainly
on the crowns and the developing fruits, while pink meal ybugs are nostly found near
the lower portions of the pineapple plant (Rohrbach, et al. ).

As di scussed in the disease section of this report, neal ybugs transmt the "neal ybug
wilt" disease, which is caused by a closterovirus. They also excrete |arge anounts of
partially digested plant sap, called "honeydew." Because this sap is high in sugar

it welcomes the growth of fungi such as sooty nold (Waite).

Pi neappl e Scal es

Pi neappl e scales attack the | eaves and fruits of pineapple plants (Evans, et. al).
VWil e present throughout the year, they are nost active during the sumrer and early
wi nter. They produce yell ow spots on the | eaves and have little effect on plant
growm h and yields. During serious infestation, however, the plants turn gray, and
become weak and stunted. The |eaves die back, and the fruits are smaller, covered
with scal e, and unmarketable. Ratoon crops, especially those in shaded areas, are
nmost susceptible to serious danage

The young scales, called crawers, are spread by wi nd, the clothing of farm workers,

and planting materials. Malathion sprays and the use of pest-free planting materials
can help control pineapple scales.
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Thri ps

Thrips of the species Thrips tabaci and Franliniella occidentalis are a problemin
pi neappl e plantations, mainly because they are vectors for the yell ow spot virus
They can be controlled by insecticides.

Mtes

Two mite species attacking pineapples include the red nite, Dolichotetranychus
floridanus and the pineapple mte, Steneotarsonemus ananas (Evans, et. al). Their
popul ations rmultiply rapidly during hot, dry weather. Danaged plant parts allow entry
of rot disease infections.

The red mite feeds on the white tissue at the base of the |eaves, causing dry, brown-
to-black lesions. The |ight orange patches found on the | eaf base are live mtes.
Sonetinmes, infestations of a growing crop can be so severe that crowns are destroyed
and fruits are damaged before harvest (Waite). They can al so cause danage to stored
crowns. Wth a serious infestation, planting materials cannot be used because they
usually fail to establish in the field.

The pineapple nite feeds by sucking the contents of plant cells, resulting in glossy
patches on the young fruit. The penicilliumfungus can invade the damaged portion of
the developing fruit causing interfruitlet corking, fruitlet core rot, and | eathery
pocket. Unlike the red mite, pineapple nites are not very visible.

Mtes are controlled with Endosul fan
Ant s

Problens with field ants are associ ated with neal ybug damage. Ants transfer mneal ybugs
t hroughout the field, and protect themfromtheir natural enemies. They can be
controlled with Chlordane.

Weeds

Uncontroll ed weeds in pineapple fields conpete with the crop for water and nutrients,
resulting in reduced crop yields. They also harbor pineapple pests and di seases.
Grass weeds, particularly Paspalumurvillei, have been difficult to control with
currently-registered herbicides in Hawaii, with the exception of Vel par (University of
Hawaii). However, Vel par has been associated with phytotoxicity on pineapple.

Paspalumis a clunped perennial grass which spreads via rhizomes. The seeds are
prolific and nay be carried by water, animals, or birds.

Broadcast or spot herbicide applications can be adninistered before the five-to-six
month fruit devel opment period. Spraying herbicides on newly-planted fields kills
weeds before they becone established. Black plastic nmulching also hel ps control
weeds.

O her Environmental and Managenent-|nduced Di sorders

Fruit and Fruit Stem Splitting

39



Fields affected by fruit splitting and fruit stemsplitting can face serious |osses.
These two di sorders, however, are uncomopn anmpng pi neapple plantations. Mture fruits
may split open because of rapid changes in their growth rates near harvest-tine.
Fruits crack, especially those which devel oped under relatively dry, cool conditions,
when exposed to anple rainfall during their final stage of devel opnent.

Fruit stemsplitting remains a nystery to the industry. |Incidences of this disorder
have occurred nostly in the spring on pineapples due for harvest in |late summer. The
fruit stems usually split about 1 to 5 cmunder the fruit. Although the crack my
heal , strong wi nds or other disturbances can cause the fruits to sever fromthe plant
conmpletely (Kelly and Barthol onew) .

Bl ack Heart (Internal Brown Spot)

This is a physiol ogical disorder occurring predonminantly on refrigerated fresh fruits,
particularly those which are stored for nore than three days at tenperatures bel ow 25°
C (Kelly and Barthol onew). However, it can also occur in developing fruits during
cool (5° C - 10° C), cloudy weather.

Affected fruits do not show any external signs of danage. |Internally, the base of the
fruitlets becones quite brown, with the brown coloration extending to the flesh and
core. In severe cases, the whole internal area of the fruit can turn very dark brown

(Kelly and Barthol onew) .

Especially during the winter, fruits with black heart often reach the fresh fruit

mar ket undet ected, causi ng nmany unhappy consuners. |In the processing sector, affected
fruits are heavily downgraded and are not used for sliced and crushed canned products.
Fruits with mld synptons can be juiced.

The di sorder can be controlled by planting resistant cultivars or dipping harvested
fruit in a paraffin-polyethylene wax (Rohrbach and Apt).

Fruit Bruising

Fruit bruising is a major problemduring harvesting and packing. The bruise is due to
i npact danmage, with a 30 cm drop causing sonme damage (Paull). The injury is usually
confined to the inpact side of the fruit.
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Ad Hoc Disaster Assistance for Pineapples

During the period from 1988 to 1993, ad hoc disaster assistance paynments for pineapple
| osses totalled $51,092. Producers in Hawaii did not collect any of these disaster
paynents. Recipients were mainly growers from Ameri can Sanpa and Guam

Pi neappl e I nsurance | nplenmentation |ssues
Adverse Sel ection

Adverse sel ection occurs when growers are nore informed about the Iikelihood of crop
| osses than the insurer, and when they use this advantage in decidi ng whether or not
to purchase insurance. The cropping history of the field as well as |osses due to
fl oods are key adverse sel ection concerns when insuring pineapples.

The cropping history of the field is an inportant adverse selection issue because the
nmost serious production perils confronting Hawaii's pineapple industry are attributed
to pests and diseases. Wth an insurance policy in place, some growers may know ngly
pl ant pineapples in fields that are currently infested with nematodes, ants, mtes,
thrips, or neal ybugs, mmjor disease-carrying pests. These fields are highly
susceptible to disease infection, which may eventually | ead to major crop | osses.

Losses due to floods can be an adverse selection issue because they tend to be field-
specific. Crops grown in lowlying areas or flood plains are nore prone to | osses due
to floods than those fields at higher elevations.

Drought is not likely to be associated with adverse selection. Contrary to floods,
drought tends to cover a wide area, affecting all fields alnost equally. In addition
the grower and the insurer are nore likely to have the same information about the
probability of |oss.

Setting Reference Prices

FCI C provides reference prices for insured crops, which beconme the basis for assigning
value to yield losses. To determine the | evel of coverage, insured growers elect a
price guarantee based on the reference price.

Two possible reference prices may be offered in insuring pineapples. One reference
price would be for pre-harvest |osses, while the other would be for post-harvest
| osses.

An in-field (on-plant) value will probably be the nbost appropriate reference price for
estimating the value of pineapple |osses prior to harvest. This reference price wll
ensure that the indemity payments to producers will not cover non-incurred harvesting

and marketing expenses on that portion of production that was |ost. For pineappl es,

t hese expenses account for about half of the total costs of production. Pre-harvest

| osses may be due to excessive rains, nenatodes, heart rot, root rot, butt rot,

meal ybug wilt, and yellow spot. The in-field value of a crop may be represented by an
estimated cost of production, excluding harvesting and marketing expenses.

41



The reference price for fruit |losses incurred after harvest can be represented by the
average market price, possibly excluding non-incurred packing and selling expenses.
Despite a good harvest, producers may al so face post-harvest |osses. They would stil
i ncur harvesting and gradi ng expenses for the damaged pi neapples that are culled at

ei ther the packing house or processing plant. Exanples of post-harvest |osses are
fruit rot, pink disease, internal brown spot, and fruit bruising.

Mar ket Prices and APH Di stortions

Fluctuations in market prices for pineapples are likely to cause yield distortions
when estimating a producer's average production history. Even though pineapple can be
sold fresh or processed, the Maui Land and Pi neapple Conpany is the only producer with
canning and processing facilities in the country. Dole and Del Mnte have their
processing facilities in foreign countries. Having no alternative for their produce,
Dol e, Del Monte, and small independent growers in Hawaii are likely to | eave

pi neappl es unharvested during a nmarket glut (Rohrbach).

Estimating "Apprai sed Production"

Since current plant densities in Hawaii nornmally yield only one fruit for each of the
pl ant and ratoon crops, estimating appraised production for pineapples appears to be
fairly straightforward. All ready-to-pick fruits are harvested, unless growers are
confronted by very | ow nmarket prices.

Appr ai sed production may be based on the average wei ght of marketable fruits froma
sanmple plot multiplied by the nunber of plants on a hectare or an acre. |If
circunstances call for an estimate of appraised production but the fruits are stil
immature, a typical weight of a mature fruit may be used as a substitute for the
average wei ght from sanpli ng.

Mar ket Prices and Mral Hazard

Moral hazard occurs when a grower adopts a practice that increases his or her chances
of receiving an indemity paynment. This problem may ari se when nmarket returns fal
bel ow returns from an insurance i ndemity.

There are opportunities for noral hazard under a crop insurance policy for pineapples,
particularly with the small growers. Their sales are not only linited to the fresh
mar ket but are also restricted to the state of Hawaii. During periods of |ow fresh-
mar ket prices, a grower could take an action that results in a crop failure, by sinmply
negl ecting to carry out the reconmended cultural practices when confronted by insect
or di sease probl ens.
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Avail ability of Individual Yield Data

Yield data for individual pineapple producers is not readily available. The three

maj or pi neappl e conpani es that supply the mpjority of domestic production are very

protective of conpany information. These |arge conpanies are also well-equipped to
sel f-insure.

Demand for Crop Insurance

Qur assessment is that the demand for a crop insurance policy for pineapples wll
probably not be as strong as for certain other crops. Currently, three major
corporations are responsible for virtually all of U S. pineapple production. They own
huge pi neapple plantations and are very conpetitive with each other and protective of
their activities. Even with |large capital investnments at stake, |arge corporations
may usually prefer to manage their own risks and sel f-insure.

Al so conprising the industry are small, independent growers whose outlets are limted
to Hawaii's fresh fruit market. These small growers nmay have sone interest in a

pi neappl e policy, but probably only at the catastrophic |level of coverage. Sone of
these growers have no irrigation systens in their fields and are therefore not only
prone to | osses due to extended drought but also |ack the benefits of controlling
nemat odes and mites. These growers, however, represent only a ninute portion of the
i ndustry.

Finally, only pineapple growers in Guam and Anerican Sampa participated in the ad hoc
di sast er assi stance programduring the 1988 to 1993 peri od.

O her | nplenentation |ssues

Shoul d an insurance policy for pineapples be established, FCI C m ght consider
requiring growers to undergo mandatory soil testing for nenmatodes and other soil-borne
di sease pathogens, as well as state inspection of plant materials. Such a
prerequisite to the insurance policy would help elimnate growers fromthe program who
try to insure crops that have serious di sease and nenat ode probl ens.
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