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Executive Summary

The white button nushroom (agaricus bisporus) accounts for 99 percent of al
the mushroons grown in the U S. Specialty varieties, such as the shiitake and
the oyster mushroom nmake up the renmainder. Production of specialty

nmushr oons, however, has been increasing. Their sales al nost doubl ed between
1991/ 92 and 1993/ 94.

Pennsyl vania and California dom nate U. S. nushroom production. Pennsylvania's
production accounted for 47 percent of U S. output in 1993/94, and California
accounted for 17 percent. Mishroons are produced i ndoors on stationary beds
and in portable trays. Wth the tray system nushroons are noved fromroomto
room w th each succeedi ng stage of production

There were 355 nmushroom growers in the United States in 1993/94, down from 468
in 1986/87. The decline in the nunber of growers is largely attributable to
farm consolidation during the late 1980's. During this tine, a nunber of
farms expanded to gain greater production efficiency, while some operations,
particularly the smaller ones, quit producing nushroomns.

The majority of nushroomfarms are fanm |y operations. Many of Pennsylvania's
farms have been in business three to four generations, with second-generation
farms consi dered new operations.

Mushr oom producti on, however, is dominated by several large firns, including
Canpbel | ' s Soup Conpany, which owns eight mushroom farns throughout the U S.
and Monterey Farms, which owns five farms in California, Texas, and Tennessee.
There are 5 or 6 mid-sized farnms producing 5 million to 20 mllion pounds
annual Iy, and about 100 farnms each producing 1 million to 5 mllion pounds
annually. U.S. specialty nushroom production is donmi nated by six farns.

Mushr oom production involves an integrated series of operations, and is
dependent on controlled environnments. The unsuccessful conpletion of any one
phase can lead to yield |losses or crop failure. Traditionally, nushroons were
grown on beds in nmushroom houses. The houses are called "doubl es" because
they were built in pairs under one roof. Newer nethods involve nushroom
production in trays that can be noved fromroomto roomfor different phases
of the production cycle.

Mushr oom houses are wel | -i nsul ated, vapor-proof buildings with tenperature,
hum dity, and air exchange controls. Houses for agaricus mushroons use
mnimal light, since this variety does not need light to fruit. Shiitake and

oyster nushroons, however, are grown in |lighted houses, since light is
necessary for their production. Mishroom production is nearly independent of
out si de weat her, since nodern houses and equi prent provide favorable
conditions for all phases of the grow ng cycle.

Mushr oom production consists of six principal steps: composting--Phase |, and
conposti ng--Phase 11, spawni ng, casing, pinning, and cropping. Although

shiitake and oyster nushroons follow a sinilar production cycle to the button
variety, shiitakes and oysters require different grow ng nmedi unms (substrates),



are irrigated differently, have different production cycle |Iengths, and
di fferent nunmbers of croppings (harvestings).

About 30 percent of the U. S. nushroom sales volune is sold for processing.
Most processed nushroonms are canned in tins or glass jars. There are about a
dozen processing plants that can nushroonms. Usually, these processors al so
can ot her vegetables as well. Very little nushroomdrying is done in the
United States. Specialty nmushroons are sold only to the fresh narket.

Natural perils that can affect nmushroomyields are excessive rain, excessive
heat and hum dity, excessive cold, high winds, and other seasonal factors.
Mushr oom producti on occurs indoors and is largely insulated from outside
weat her conditions. On occasion, however, outside weather makes controlling
the inside climate difficult.

Autumm is an especially difficult season for nushroom growers. Because the
weat her is nore predictable during the winter and sunmer, it is easier for
growers to control heating, cooling, and noisture |levels than during autum.
In autumm, sudden tenperature changes increase the difficulty of controlling
conditions inside the nushroom house. |Inaccurate tenperature and hunmidity
controls can cause discolored or blotched nushrooms, which would be
unmar ket abl e in the fresh market.

Weat her conditions can also interfere with conpost production, particularly
phase 1 conposting, delaying the processing or resulting in inferior conpost.
Brown outs, total power outages, or equi pnment breakage can interfere with
controlling the mushroom house clinate.

Even though natural perils may cause |losses, it is questionable, for severa
reasons, whether or not nmushroom growers would participate in a nmulti-peri
crop insurance policy. First, growers tend to be wary of Governnent prograns
because many believe they are already regul ated too nmuch. Second, growers
currently can obtain insurance against fires or other disasters, such as

equi pnent failure. Third, virtually all comrercial nushroom production occurs
i ndoors, where it is largely isolated fromnaturally-occurring perils, such as
unseasonabl e col d, npoisture extremes, wi nd storns, and hail, which cause npst
yield | osses anong out door crops.

Finally, few producers participated in ad hoc di saster assistance. Disaster
payments to nmushroom growers totalled only $3,397 since 1988. Mst of this
noney went to shiitake producers with outdoor operations. Shiitake growers
account for only a small fraction of the nushroom i ndustry.

Despite these factors, some growers may participate in crop insurance
Partici pati on, however, may be limted to the m nimum catastrophic |evel of
cover age.
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Mushroons: An Economi c Assessnent of the Feasibility
of Providing Miultiple-Peril Crop |nsurance

| nt roducti on

Pennsyl vania and California dom nate U. S. nushroom production. Pennsylvania's
production accounted for 47 percent of U S. output in 1993/94, and California
accounted for 17 percent. Mishroons are produced i ndoors on stationary beds
and in portable trays. Wth the tray system nushroons are noved fromroomto
roomw th each succeedi ng stage of production. Mishroom production is heavily
dependent on controlled environnents.

The white button nushroom (agaricus bisporus) accounts for 99 percent of al
the nmushroons grown in the US. Specialty varieties, such as the shiitake and
t he oyster nushroom nmake up the remainder. Production of specialty

mushr oons, however, has been increasing. Their sales al nost doubl ed between
1991/ 92 and 1993/ 94.

Button nmushroons are sold either for fresh use or for processing. Fresh sales
account for about 65-70 percent of the total volune. Pennsylvania is the

| ar gest producer of nushroonms for processing, but also grows nushroons for
fresh use. California grows nostly for the fresh market. Specialty nmushroons
are sold only for fresh use.

This report exam nes those aspects of the U S. nushroomindustry that relate
to the demand for crop insurance and the feasibility of devel opi ng a nmushroom
crop insurance policy.

The Mushroom Mar ket

Suppl y

Production of the button nushroom has increased from58.3 million pounds for
the fresh market and 148.5 mllion pounds destined for processing in 1970/ 71,
to 522.4 mllion pounds of fresh-market output and 254 mllion pounds for
processing in 1992/93 (Tables 1 and 2). The use of higher spawn rates,

i ncreased picking frequency, and a shortening of the production cycle have
contributed to increased production efficiency.

Processing was the principal use for domestic mushroom output prior to the

m d- 1980's. Production for processing, however, declined continuously

t hroughout the 1980's and by 1987, fresh nmarket use had overtaken the
processing use (Tables 1 and 2). Inports account for only a small fraction of
the fresh market supplies.

The decline in processing use was due to greater demand for nushroonms for the
fresh market, as well as conpetition frominports, nostly from China and
Taiwan. I nports from China were banned in 1989, however, due to the discovery
of canned nushroons contam nated with staphyl ococcal enterotoxin bacteria.



Table 1 --U.S. fresh mushrooms: Supply, utilization, and price, farm weight, 1970-95

Supply utilization
Season-average
Crop
price 5/
year Produc- Per
1/ tion Imports Total Exports Total capita
Current Constant
2/ 3/ 3/ use 4/
dollars 1987
2/
dollars
————————————————————————— Million pounds----—-———————————————— Pounds —-——
Cents/pound----
1970 58.3 0.3 58.6 0.0 58.6 0.3 54.
155.0
1971 66.3 0.4 66.7 0.0 66.7 0.3 57.
156.5
1972 76.7 0.1 76.8 0.0 76.8 0.4 55.
142.7
1973 102.3 0.2 102.5 0.0 102.5 0.5 57.
138.3
1974 126.1 0.0 126.1 0.0 126.1 0.6 60.
135.2
1975 142.1 0.3 142 .4 0.0 142 .4 0.7 71.
146.1
1976 151.2 0.0 151.2 0.0 151.2 0.7 82.
157.6
1977 191.1 0.0 191.1 0.0 191.1 0.9 90.
161.2
1978 229.5 0.4 230.0 0.6 229.3 1.0 94.
157 .4
1979 255.8 0.5 256.3 0.7 255.6 1.1 95.
146.0
1980 275.1 0.7 275.7 0.6 275.2 1.2 94.
132.1
1981 319.1 0.8 319.9 1.8 318.1 1.4 96.
122.7
1982 337.2 1.1 338.3 1.6 336.7 1.4 100.
119.3
1983 388.1 0.8 388.9 1.6 387.4 1.6 96.
110.7
1984 419.9 1.0 420.9 1.4 419.5 1.8 93.
102.7
1985 427.2 1.0 428.2 1.9 426.3 1.8 94.
100.4
1986 454.8 1.4 456.2 2.9 453.3 1.9 96.
100.0
1987 468.9 1.2 470.1 2.9 467.3 1.9 94.
94.9



1988 484 .7 1.9 486.6 3.2 483.4 2.0
94.2

1989 511.9 2.1 514.0 9.9 504.1 2.0
92.2

1990 511.9 3.5 515.4 17.7 497 .7 2.0
86.6

1991 497.0 4.6 501.5 14.5 487.0 1.9
84.6

1992 522.4 3.8 526.2 17.4 508.8 2.0
82.5

1993 520.6 3.3 523.9 11.6 512.2 2.0
83.4

97.

100.

98.

99.

99.

103.

1/ Crop year begins July 1 of the year listed and ends on June 30 of the following year.

2/ Source: National Agricultural Statistics Service, USDA.

3/ Source: Bureau of the Census, U.S. Department of Commerce and Statistics Canada.
4/ Total disappearance divided by total U.S. population on January 1.

5/ Deflated using the GDP implicit price deflator, 1987=100.



Table 2--U.S. mushrooms for processing: Supply, utilization, and price, farm weight, 1970-95

Supply utilization
Season-average
Crop
price 6/
year Produc- Per
1/ tion Imports Beginning Total Exports Ending Total capita
Current Constant
2/ 3/ stocks 4/ stocks use 5/
dollar 1987
——————————————————————————————————— Million pounds----————————— Pounds
----Cents/pound----
1970 148.5 53.6 - 202.2 0.0 - 202.2 1.0
39.0 111.1
1971 165.1 71.4 - 236.5 0.0 -— 236.5 1.1
41.5 112.2
1972 177.3 85.7 - 262.9 0.0 -— 262.9 1.2
38.0 97.7
1973 177.2 81.8 - 259.0 0.0 - 259.0 1.2
36.7 88.9
1974 173.0 88.6 - 261.5 0.0 -— 261.5 1.2
40.9 91.1
1975 167.7 99.8 - 267.5 0.0 -— 267.5 1.2
53.0 107.7
1976 195.9 121.0 - 316.9 0.0 -— 316.9 1.4
66.9 127.9
1977 207.6 150.8 - 358.4 0.0 -— 358.4 1.6
65.2 116.6
1978 224.5 148.3 - 372.7 0.9 -— 371.9 1.7
64.2 106.5
1979 214.2 179.3 -— 393.5 1.0 -- 392.5 1.7
57.6 87.8
1980 194.5 155.7 - 350.3 0.5 - 349.7 1.5
58.6 81.7
1981 198.0 157.2 - 355.2 0.7 - 354.5 1.5
55.5 70.3



1982 153.6 199.5 -— 353.1 0.4 - 352.7 1.5

60.8 72.6

1983 173.5 252.2 - 425.7 0.7 -— 425.0 1.8
64.6 74.1

1984 175.8 243.3 - 419.1 1.0 - 418.1 1.8
57.4 63.1

1985 160.8 273.9 - 434.6 1.0 -— 433.6 1.8
54.9 58.2

1986 157.1 297.9 - 455.0 0.4 -— 4546 1.9
56.4 58.2

1987 162.9 239.0 - 401.9 1.1 -— 400.9 1.6
61.0 61.0

1988 183.1 198.7 - 381.8 1.7 -— 380.1 1.5
66.5 64.0

1989 203.1 190.0 - 393.0 12.6 -— 380.4 1.5
65.3 60.2

1990 237.2 205.2 -— 442 .4 14.6 -- 427 .9 1.7
61.5 54.3

1991 249.9 213.8 - 463.7 18.4 - 445 .3 1.8
63.8 54.3

1992 254.0 203.5 - 457 .4 22.2 - 435.2 1.7
58.2 48.1

1993 234.2 233.8 - 468.0 23.7 - 444 .3 1.7
66.2 53.6

1/ Marketing year begins July 1 and ends June 30. 2/ Source: National Agricultural Statistics Service,

USDA. 3/ Source: Bureau

of the Census, U.S. Dept. of Commerce. Includes canned, frozen, and dried mushrooms. Canned converted to
fresh-weight basis using

a factor of 1.538, frozen factor was 1.5, dried factor was 10.0. 4/ Source: Bureau of the Census, U.S.
Dept. of Commerce.

Includes dried/dehydrated mushrooms. Canadian dried mushroom imports are added to exports from 1979-88. 5/
Total disappearance

divided by total U.S. population on January 1. 6/ Deflated using the GDP implicit price deflator, 1987=100.
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Subsequently, inports from | ndonesia, Hong Kong, Taiwan, and other countries
i ncreased to replace sone of the decline in Chinese inports. |nports,
however, have not reach the sanme |evels as before the ban.

Domesti c production for processing increased follow ng the ban on Chi nese
nmushrooms, and has risen to record |levels since 1991. China has since

i mproved its nmushroom processing industry and is allowed to export to the
U.S., but only on a lot-by-lot basis.

Production of specialty nmushroons has been increasing rapidly due to their
rising popularity anong consunmers. The shiitake mushroomis the nost popul ar
specialty variety, accounting for about two-thirds of specialty production in
1993/94. Oyster nushroons account for about one-quarter of the specialty

out put. Production of shiitake and oyster nmushroons nearly doubl ed between
1992/ 93 and 1993/94 (Table 3).

Si nce nmushrooms are grown in an artificially-controlled atnosphere, their
harvest season is not dependent on the exterior climte. Produce

mer chandi sers, institutional and restaurant users, and consuners can depend on
adequate supplies being available at the tine they want them

Denmand

Fresh market use has lead the way in increased nushroom consunption
Consunption of fresh mushroons increased from 0.5 pounds per person per year
during the 1970's to 1.9 pounds during 1985-90. Consunption has renmi ned at
about 2 pounds per person annually during the 1990's.

The use of processed nmushroons al so grew during the past three decades, but at
a slower rate than for fresh market use. Processed mushroom use increased
fromjust over 1 pound per person per year during 1970-75 to a peak of 1.9
pounds in 1986, and has since stayed steady at about 1.7 pounds per year

To increase demand for nmushroons, the Miushroom Council was authorized by
Mushr oom Pronoti on, Research, and Consuner Act provisions of the 1990 Farm
Act. The Council, funded by growers, works to pronote nushroom sal es and

i ncrease consuner awar eness about nushrooms and nmushroom uses. It conpiles
reci pes that use nushroons, conducts pronotional activities, and pronotes nore
conveni ent packagi ng. The Council also funds production research

Prices

Mushr oons are highly perishable, and growers confront daily market prices that
are highly variable. GCenerally, fresh market prices are significantly higher
t han processing prices.

Wil e the season average prices that producers receive for their nushroons has
fluctuated fromyear to year, the annual average growth rate has increased

| ess than three percent since 1970 for both fresh and processing uses (Tables
1 and 2).
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Tabl e 3--Specialty nmushrooms: Production and sal es

Year/vari ety

Total Production

Vol une of sal es

Val ue of sal es

--1,000 pounds- - --1,000 pounds- - --$1, 000- -

1993/ 94 total: 8, 807 8,404 28,671
Shiitake 5,732 5, 559 20, 569
Oyster 2,082 1,939 4,839

O her 993 906 3,263
1992/93 total: 5, 005 4,569 16, 356
Shi it ake 2,955 2,752 10, 677
Oyster 1, 089 1, 000 2,579

O her 961 817 3, 100
1991/92 total: 4,679 4, 267 16, 053
Shi it ake 2,802 2,537 10, 183
Oyster 1,098 1, 046 3, 287

O her 776 684 2,583

Sour ce: USDA, Nationa

(8-94).

Agricultural Statistics Service.

Mushr oons, Vg 2-1-2



Prices for specialty nushroons were very volatile about twelve years ago, when
the industry was in its infancy. Today, as the specialty industry is becomn ng
nore mature, prices are nore stable (Wiest).

The Mushroom | ndustry

Pennsyl vani a is the nunber-one producer of nushroons, accounting for 47
percent of donestic output in 1993/94 (Table 4). California ranks second with
17 percent, and Florida ranks third with 5 percent.

There were 355 nushroom growers in the United States in 1993/94, down from 468
in 1986/87 (USDA, NASS). The decline in the nunber of growers is largely
attributable to farm consolidation during the late 1980's. During this tineg,
a nunber of farms expanded to gain greater production efficiency, while sone
operations, particularly the smaller ones, quit produci ng nushrooms (Wiest).

I ndustry Structure

The majority of nushroomfarms are fanm |y operations. Many of Pennsylvania's
farms have been in business three to four generations. Second-generation
farnms are consi dered new operations (Wiest).

Mushr oom production, however, is dom nated by several large firns. The
| argest includes Canpbell's Soup Company, which owns ei ght nmushroom farns
t hroughout the U.S., and Monterey Farns, which owns five farns in California,

Texas, and Tennessee. There are 5 or 6 md-sized farnms producing 5 mllion to
20 million pounds annually, and about 100 farns each producing 1 million to 5
mllion pounds annually (Phelps).

U.S. specialty nushroom production is dom nated by six farnms, and Pennsyl vani a
is the major producing state (Phelps). Phillips Farns, in Pennsylvania, is
reportedly the largest U.S. producer. Major comercially-grown specialty
nmushroons i nclude the crimni, portabella, shiitake, and oyster varieties.

The enoki variety of specialty mushroomis nostly grown in California.

Speci alty nmushroom producers generally grow only specialty varieties (Phelps).
The few growers who produce both specialty and button nmushroons use separate
buil dings for the specialty varieties since specialties require different
growi ng conditions (Royse).

The Anerican Mushroom Institute (AM), a national voluntary trade association
represents the nushroomindustry in policy issues and sponsors production
research. The AM publishes a nonthly periodical, Mishroom News, that

provi des production, marketing, and | abor relations information. AM is
funded by growers fees. An estimated 85-90 percent of the growers belong to
the AM .
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Tabl e 4--Agari cus nmushroom producti on and sal es by state

Area of Production
Vol ume of Val ue of
Year/ State Growi ng Tot al Sal es Sal es
Area Filling
1, 000 Square feet 1,000 I bs. $1, 000
1993/ 94:
California 3,593 22,598 128, 003 135, 203
Fl ori da 1,554 6, 736 37, 886 41, 005
Pennsyl vani a 17, 131 62, 081 354, 793 271, 262
U S total 31, 102 136, 479 754, 783 691, 965
1992/ 93
California 3,937 22,998 128, 545 129, 866
Fl ori da 1,554 6, 751 39, 563 40, 416
Pennsyl vani a 16, 246 66, 746 370,113 261, 729
U.S. total 30, 635 141, 909 776, 357 669, 398
1991/ 92
California -- 21, 246 121, 934 121, 208
Fl ori da -- 6, 143 34, 427 38, 693
Pennsyl vani a -- 64, 321 358, 270 261, 420
U S total -- 138, 148 746, 832 653, 841
-- = Not avail abl e.
Source: National Agricultural Statistics Service. Mshroons. Vg 2-1-2 (8-

94).



Varieties

Four varieties of the agaricus mushroom are produced in the U.S.: 1) the
smooth white has a snpoth cap and a white cap and stalk; 2) the off-white has
a scaly cap and a white stalk and cap; 3) the cream has a snooth to scaly cap
a white stalk, and a cap that is white to cream and 4) the brown has a
snmoot h, chocol ate brown cap and a white stalk. Wthin each variety, there are
various "isolates" which vary in flavor, texture, and cultural requirenents.
Generally, the white and off-white cultivars are grown for the fresh market,
while the cream and brown cultivars are used for processing.

The brown agaricus nmushroom has grown in popularity since the late 1980's, and
is marketed as a fresh, specialty nushroom \Wen it is sold with the cap
closed, it is a "crimni" mushroom Wen it is sold with the cap open, it is
cal led "portabella."

The shiitake mushroom (Lentinus edodes) originated in Japan, and is the npst
popul ar mushroom variety in that country. Shiitakes were not grown in the
United States prior to 1970 because inportation of its spawn was not
permtted. Shiitakes are now the second nost popular variety in the U.S.

Most shiitakes are sold to whol esalers catering to the restaurant trade
(Molin). The oyster mushroom (Pl eurotus spp.) has been grown comrercially in
the United States only since the late 1970's (Mdlin).

Some of the |l ess common specialty nushroons include the enoki (Flamrulina
vel utipes), maitake (Gifola frondosa), naneko (Pholiota naneko), and pormpom
(Hericium erinaceus). These varieties account for about 10 percent of tota
specialty nushroom sales (Mlin). Mst other edible varieties are collected
fromthe wild (Phel ps).

Cultivation and Managenent Practices
Mushr oom production involves an integrated series of operations. The
unsuccessful conpletion of any one phase can lead to yield | osses or crop
failure. Traditionally, mushroonms were grown on beds in nmushroom houses. The
houses are call ed "doubl es" because they were built in pairs under one roof.
Newer met hods i nvol ve nmushroom production in trays that can be noved from room
to roomfor different phases of the production cycle (Trigiano).

Mushr oom houses are wel | -i nsul ated, vapor-proof buildings with tenperature,
hum dity, and air exchange controls. Houses for agaricus mushroons use
mnimal light, since this variety does not need light to fruit. Shiitake and

oyster nushroons, however, are grown in |lighted houses, since light is
necessary for their production. Mishroom production is nearly independent of
out si de weat her, since nodern houses and equi prent provide favorable
conditions for all phases of the growi ng cycle (Royse and Schisler).

Mushr oom producti on consists of six principal steps: conposting--Phase I, and
conposti ng--Phase Il, spawning, casing, pinning, and cropping (West, Duffy,
and Royse). Although shiitake and oyster mushroons follow a sinmlar
production cycle to the button variety, shiitakes and oysters require
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di fferent growi ng nediuns (substrates), are irrigated differently, have

di fferent production cycle lengths, and different nunmbers of croppings
(harvestings). The production cycle for a button nmushroom from spawn
(planting) to fruit, is 6 weeks. For shiitake nushroons, the process takes 3
nmont hs, and for oyster nushroons, it takes 3 weeks. Mbst growers begin a new
producti on process every week, enabling themto harvest continuously.

The traditional production systemis called the single-zone, or bed, system
Wth the single-zone system button nmushroons are grown on fixed beds built in
tiers with alleys between the beds. All production phases, beginning with
Phase Il conposting, take place in the sane bed. 1In the tray (or nmulti-zone)
system the trays are noved by fork |lift fromroomto room wth a different
room used for each production phase (Hordness).

Mushr oons consi st of the cap and the stem As a nushroom natures, the cap
opens and the gills are exposed. Mushroom spores, equivalent to seeds in

hi gher order plants, are produced in the gills. The spores are mcroscopic in
size, and are produced in | arge nunmbers. They germ nate into nycelium which
is buried in the substratum (compost) and sends up fruiting bodies (rmushroons)
when the proper environmental conditions occur

Germination of the spores, however, is unpredictable. As a result, growers do
not 'seed' conpost with spores. |Instead, spawn conpani es grow the nyceliumin
a laboratory setting. The nyceliumis placed onto steamsterilized grain, and
will, in tine, grow through the grain. The mxture of grain and nyceliumis
called "spawn." Growers purchase spawn and use it to seed conpost (Royse and
Schi sl er).

Nearly all conmercially-grown nushroons are produced using conpost.! The raw
mat erials used to nmake the conpost may vary by nushroom variety. The conpost
shoul d be a nediumin which other fungi do not grow or grow at a nuch sl ower
rate than the nushroons. The objective of conposting is to create a substrate
whi ch has sufficient nutrients to produce a good crop of nushroons, but that
provides little or no nutrition for other fungi and conpetitor organi sms
(Royse and Schisler).

Climte

Most nushroons are produced indoors in a highly-controlled atnosphere.
Tenperature requirements are different at each phase, and are descri bed bel ow,
as each phase is explained. Although nost shiitakes are grown in houses, sone
are grown outdoors. In 1993/94, an estimated nine percent of shiitake

mushr oonms were produced outdoors on natural wood | ogs (USDA, NASS).

As an exception, small quantities of shiitakes are grown on natura
| ogs.
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Conmpost Requirenents

Two types of conpost are used in button nmushroom production. The npbst comon,
natural conpost, is the | east expensive. It is nmade from horse manure with a
wheat straw base. The second is synthetic conpost, which is usually nade from
hay and crushed corn cobs. Both types of conpost require the addition of
nitrogen suppl enents and gypsum Conpost nust go through two preparation
phases before it can be used for nmushroom production

Six Steps in Button Miushroom Production

Phase | Conposting

Phase | conpost production usually occurs outdoors on a concrete slab called a
wharf. Some conposting is done in enclosed buildings, or a structure with a
roof may be used.

Phase | conposting is initiated by mxing and wetting the ingredients as they
are conbined in the conpost pile. As the straw or hay softens, the materials
become less rigid and nore easily conpacted. Gypsum water, and nitrogen are
added as the compost is turned, usually by a |arge conpost turner. Once the
conpost is wetted, aerobic fernentation begins as microorgani sns grow and
reproduce. The conpost devel ops as the raw ingredients are deconposed by the
activity of mcroorganisns and heat, yielding a food source suited for

nmushr oom production, but not conducive to the growth of other fungi and
bacteria. Heat, amonia, and carbon di oxi de are by-products of phase
conposti ng.

Conposting requires adequate noi sture, oxygen, nitrogen, and carbohydrates for
continued bacterial growmh. \When one of these itens is depleted, the
conposting activity stops. Nitrogen, which nmay be in the formof brewer's
grai n, soybean, cottonseed, or peanut seed neals, or chicken nmanure increases
the bacterial activity. Synthetic conpost requires ammoniumnitrate or urea
at the outset to provide the conpost microflora with a readily available form
of nitrogen for growh and reproduction. Gypsumis added to the mixture to
all ow air perneation.

The conpost pile is turned every two days, and nust be kept at a tenperature
of 145° F to 170° F. Phase | lasts 7 to 14 days, depending on the nature of
the material at the start of the process and its characteristics at each turn.
At the end of Phase |, the conpost should have a chocol ate brown col or, be
soft and pliable, have a noisture content of 68 to 74 percent, and emt a
strong ammni a snel | .

In the past few years, on-farm conposting in Pennsylvania has becone | ess
comon. About a hal f-dozen conposting wharfs in Pennsylvania make and sel
conmpost to mushroom growers. Three-to-four dozen Pennsyl vania farners,
however, still nake their own conpost (West), as do growers in California.
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Phase 11 Conposting

Phase ||l conposting pasteurizes the conpost to kill insects, nematodes, and
pest fungi. It also renpves the ammonia which fornms during Phase |I. Phase |
takes place indoors, either in the trays or beds in which the nushroons wil |
eventually be grown or in a cenent-block bin designed for this procedure. The
conpost is placed at a uniformdepth and density. This allows the gas
exchange needed for the amonia and carbon di oxide to be replaced by fresh
air.

Phase Il is a controlled, tenperature-dependent process using air to maintain
the conpost in a tenperature range best suited for de-ammonifying organisms to
grow and reproduce. Phase Il can be done under either a high-tenperature or

| ow-t enperature system

The hi gh-tenperature systeminvolves an initial pasteurization period during
whi ch the conpost tenperature is raised to at |east 145° F for 6 hours. This
tenperature can be reached by use of natural heat generated during mcro-
organismgrowth, or by injecting steaminto the room After pasteurization
the conpost is reconditioned by flushing the roomwi th fresh air to quickly

| ower the tenperature to 140° F. The conpost is then allowed to gradually
cool further until the ammonia is dissipated. The use of a high-tenperature
Phase Il systemtakes 10 to 14 days to conplete.

The |l owtenperature systeminvolves initially increasing the conpost
tenperature to about 140° F, either with steam or heat generated by m cro-
organi sns. After reaching this level, the conpost tenperature is |owered to
125° F to 130° F. Pasteurization occurs 24-48 hours |later when steamis
injected into the room raising the air and conpost tenperatures to 140° F for
2 to 4 hours. After pasteurization, the air tenperature is |owered again,
forcing the tenperature of the conpost down to the 125° F to 130° F range.

The tenperature is further |owered over the next 4-5 days until the amonia

di ssi pat es.

The ammoni a | evel concentration at the end of Phase Il must be | ess than 0.07
percent, or it will be lethal to the nmushroom spawn (see below). Tenperatures
nust be | owered to about 75° F to 80° F before spawning (planting) can begin.

Spawni ng

"Spawni ng" refers to the planting operation ("spawn" is used to describe the
planting nmaterial). Conpanies making spawn start by sterilizing a m xture of
rye grain, water, and chalk. \Weat, mllet, and other small grains can al so
be used. Mceliumis then added to the sterilized grain, after which it is
bottl ed and i ncubated at 74° F. The bottles are shaken 3 tines at 4-day
intervals over a 14-day period of active nycelial growth. Once the grainis
col oni zed by the mycelium the product is called spawn.

The spawn is thoroughly mxed into the conpost. Wen a bed systemis used,

spawn is mixed with a special spawning nachine. Wth the tray or batch
system spawn is mxed into the conpost as it nmoves al ong a conveyor belt or
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while falling froma conveyor into a tray. Once the spawn is mixed in, the
conpost tenperature is nmaintained at 75° F and the relative humidity is kept
high to mninze drying.

Under these conditions the spawn will grow, producing a thread-I|ike network of
mycel i um t hroughout the conpost. Eventually, the mycelia fuse together, and
the spawn appears as a white to blue-white nass through the conpost. As the
spawn grows, it generates heat. |If the heat exceeds 80° F to 85° F, depending
on the cultivar, it my kill or danage the nycelium and reduce the crop's
productivity and quality.

In the spawni ng stage of button nushroom production, high humdity is
necessary to prevent the conpost from over-heating and killing the spawn.

Hi gh relative hum dity is maintained either by equi pnent (in newer houses), or
by watering the walls and floor (in older houses).

The tine needed for spawn to col onize the conpost depends on the spawning rate
and how well it is mixed in the conpost, the noisture content and tenperature

of the conpost, and the conposition and quality of the conpost. Typically 14

to 21 days are required for the spawn to conpletely col onize the conpost. At

this point, the casing (or top dressing) is applied.

Casing

A casing (or top dressing) is applied to the conpost when the spawn growth has
conpl etely col oni zed the conpost and begins to cover the bed. Casing can be
made of clay-loamfield soil, a mxture of peat npbss with ground |inestone, or
recl ai mred weat hered, spent compost. Casing does not need nutrients since its
purpose is to act as a water reservoir and a place where rhizonorphs (very
fine fusion of nyceliunm form Casing nmaterial needs to be able to hold

noi sture, which is essential to the devel opnment of a firm nmushroom

The casing nmust be pasteurized to elimnate any insects and pat hogens. It
nmust al so be distributed uniformy over the surface of the conpost to all ow
the spawn to devel op evenly, permitting the nushroons to devel op at a uniform
pace.

After the casing is applied, conpost tenperatures nust be kept at about 75° F
for up to 5 days, with high relative humdity. After the 5 days, the conpost
tenperature should be | owered by about 2° F each day until small rnushroons
(initials or pins) have formed. The casing nust remain noist throughout this
peri od.

During the casing stage, the casing is sprinkled intermttently to raise the

noi sture to the proper level before pins form Watering at this stage is
often |l earned only by experience.

19



Pi nni ng

The devel opnment of the mushroom fruit is called an "initial." Initials form
as an outgrowth on rhizonorphs. Once initials form watering is stopped. Too
much noi sture can cause nmushroons to form bel ow the surface of the casing.

Once the initial quadruples in size, it becomes a "pin." Pins continue to
expand and grow | arger through the button stage, and ultinately a button
enlarges to a nmushroom Harvestabl e button nushroons appear 18 to 21 days
after the casing is applied. The pinning stage affects the potential yield
and crop quality.

Pi ns devel op when the air's carbon di oxide content is 0.08 percent or |ower,
depending on the cultivar. The carbon dioxide level is |owered by allow ng

fresh air into the growing room (Qutdoor air has a carbon dioxide | evel of
about 0.04 percent). The timng of fresh air introduction is very inportant,
and is only |earned through experience.

Generally, it is best to ventilate as little as possible until the mycelium
has begun to show at the surface of the casing, and to stop watering at the

time when initials are formng. |If the carbon dioxide level is |owered too
soon, the nycelium stops grow ng through the casing and nushroominitials form
bel ow the casing surface. Such nmushroons will be dirty at harvest tine.
Cropping

Cropping refers to the harvesting of nmushroons. Mature button nmushroons are
ready for harvest about three weeks after the casing is applied. Mishroons
are harvested by hand. The base of the mushroomis trimed, and the clean
mushroomis placed in a basket.

The devel opnent of a |arge nunber of harvestable nmushroons at one tine is
called a flush, break, or bloom The harvest period for a given flush |asts
from3 to 5 days. The flush period is followed by a few days when no
nmushroons are avail able for harvest and a new crop of harvestable buttons is
devel oping. The cycle repeats itself in a rhythmc fashion, and harvesting
can go on as long as nmushroons continue to mature. Usually a single spawning
produces harvestabl e mushroons for 35 to 42 days, although sonetines they can
be harvest for up to 60 days.

Most of the crop is harvested fromthe first two flushes, with output from
subsequent breaks declining considerably. G owers generally harvest button
mushroons from a given spawning for four to six weeks (about three breaks).

Rel atively few nushroons are produced after three croppings and harvesting can
be unprofitable. Also, the incidence of pests and di seases increases with
each cycl e.

The air tenperature during cropping should be at 57° F to 62° F. This range
favors mushroom growth and m ninm zes di sease and i nsect outbreaks. The
relative humdity in the growi ng room nust be high enough to minimze drying
of the casing, but not so high that the cap surfaces beconme clammy or sticky.
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Qutside air is needed to control both air and conpost tenperatures during the
harvest period. Qutside air also displaces carbon dioxide given off by the
growi ng nmycelium The nore nycelial growh there is, the nore carbon dioxide
that is produced. Since nore growth occurs early in the crop, nore fresh air
is needed during the first two breaks than during | ater ones.

The presence of nmature nmushroons on the bed inhibits the devel opnent of new
pins. Wen mature nushroons are picked, this inhibitor is renoved and the
next flush noves towards maturity. The tine between pickings is 7 to 10 days.

Button nushroons are normally picked before the vail (cap) is fully extended.
The exception is with portabella nmushroons, which are harvested after the cap

has opened. Maturity is assessed by how far the veil is stretched, not by the
size of the mushroom Therefore, mature nushroons may be either |arge or
smal | . Farners and consumers, however, prefer nediumto-I|arge nmushroons.

After the last flush of nmushroons has been picked, the growing roomis closed
off and the room pasteurized with steam This final pasteurization is
designed to destroy any pests which nmay be present, mnimzing the |ikelihood
that the next crop will be adversely affected. After the house is steaned,
the spent conpost is renoved to prevent contam nation by any surviving pests
or fungi. The trays, bed boards, and posts are cleaned, and the interior of
the house is steaned again. The trays or beds are then ready for refilling
for the next crop (Trigiano).

Speci alty Mushroom Production

Shiitake and oyster nmushroom production follows simlar steps to those used in
button production. One difference, however, is in the type of substrate used.
Shi i take nushroons are grown on sterilized sawdust. Shiitake spawn are m xed
into the sawdust and placed in plastic bags, usually the size of a |oaf of
bread. The spawn hold the sawdust so tightly that it will forminto the shape
of the bag, mobst commonly a log. The logs are placed indoors on shel ves of
metal netting. Miushroons formon all surfaces of the |og.

Oyster nushroonms are grown on sterilized straw, corn cobs, coffee pulp, waste
paper, pulpm |l sludge, cotton bolls, cotton waste, or cotton seed hulls.
They can be grown in polyethyl ene bags, trays, beds, pressed bl ocks, vertica
structures, or baskets (Ellor). The nost conmon practice involves the use of
straw in 5-foot-1ong bags that have holes on all sides. The bags are filled
with straw that is pre-inoculated with spawn. The bags are then hung from
hooks in the nushroom house. Mishroonms formon all surfaces of the bag.

Shiitake and oyster nushroons are irrigated differently than the button
variety. Shiitake logs are inmersed in water every 10 days. Oyster nushroomns
are grown in high humdity, nuch like a dense fog (Wiest).

The cropping cycles also differ. Shiitake nushroom|ogs can be harvested at 6
mont h cycles. Oyster nmushroom bags are harvested for 3 weeks.
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Packi ng and Shi ppi ng Fresh Miushroons

Once harvested, the button nmushroom has a shelf life of about 7 days under

opti mum conditions. The shelf life for shiitake nushroons is 3 weeks, and for
oyster nushroons, about 3 days (Wiest). Freshly-harvested nmushroons nust be
kept refrigerated at 35° F to 45° F. To prolong shelf life, it is inportant
that mushroons "breathe" after harvest, so storage in a non-waxed paper bag is
preferred to a plastic bag.

Quality deterioration is slowed by renoving heat from harvested nushroons, and
by assuring that a proper storage tenperature is maintained (West). The
harvest ed nmushroons are placed in a vacuum cool er or an ice-bank cooler to

qui ckly renove internal heat, after which they are transported in refrigerated
trucks to maintain a | ow tenperature.

Because of their short shelf life, nmushroons are sold imediately after
harvest. G owers deliver nushroonms 2 to 3 tinmes a day to processors,
whol esal ers, or brokers to prevent quality deterioration

Mushr oom oper ati ons usual ly package their own nushroons. The nmushroons are
packaged and placed into four-, eight-, or twelve-ounce tills (boxes).

Runners then take the full till to a packaging station in the house. There
the till is weighed (rmushroonms | ose weight through water |loss by the tine they
get to their final destination), and then it is wapped and | abell ed.

Growers who package their nushrooms in tills receive premumprices for their
product. Some growers still ship their nushrooms in bulk to whol esalers, who
i nspect, weigh, pack, slice, and over-wap. Mishroons sold to the restaurant
i ndustry are often blanched and then packed in liquid, increasing their shelf
life to 4 to 5 weeks. Mushroons for processing are shipped in 20-pound | ugs.

Mar ket i ng

About 30 percent of the U S. sales volume is sold for processing; 40 percent
of Pennsylvania's output is processed. Most processed nushroons are canned in
tins or glass jars. Very little nmushroomdrying is done in the United States.
Specialty nmushroons are sold only to the fresh market (Wiest).

There are about a dozen processing plants that can nmushrooms. Usually, these
processors al so can other vegetables as well

The | argest nushroom processor is G orgio Foods in Tenmple, Pennsylvania (Berks
County). There is one canner of nushroons in M chigan, one in GChio, and
several in Pennsylvania and New Jersey (Phel ps).

G orgi o Foods obtains its nushrooms fromits own farnms and through contracts
with farns in Berks County. These farms contract their total nmushroom crop at
a fixed price set by the processor. Gorgio can change the price even after
the contract is set, depending on supply and demand conditions. The

i ndependent farns that contract with G orgi o Foods have a | ong, established
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tradition of marketing their mushroons in this fashion and continue the
tradition even though the fresh market may bring a higher price.

O her Pennsyl vani a growers, particularly in Chester County, and other growers
in Berks County, sell mainly to the fresh market. Alnpst all of California's
nmushrooms are sold to the fresh market. G owers use several nethods to sel
to the fresh market (Wlest, Phel ps):

! They may sell to whol esal ers who establish a price, which changes daily;

They may own an interest in a whol esal e operation and sell to the fresh
mar ket or to processors as a residual nmarket (the nmost popular nethod in
Pennsyl vani a) ;

They may sell to commi ssion agents, and obtain the market price |less a
conmi ssi on;

They may selling to food-service buyers who sell to restaurants and
speci alty shops; or

They may sell directly to large retail grocery chains and term na
mar kets (the nost popular nethod in California).

Mushr oons are shipped by refrigerated truck or by air. Use of air transport,
such as Federal Express, is nmore conmmon for specialty nushroons than the
button variety. Wile nushroons are nmarketed regionally, it is not uncommn
for mushroons to be shipped all over the country.

Speci alty rmushroonms growers who produce on a seasonal basis sell their
nmushroons to different narkets then those who grow year round. Seasona
growers sell to farmers' markets and ot her seasonal nmarkets. Year round
specialty nmushroom growers market their nushroons simlarly to the agaricus
growers.

Costs of Production

For many fresh-nmarket vegetables, harvesting and marketi ng expenses may
account for 50 percent or nore of total production costs. Producers of such
crops sonetinmes face market prices that may be | ess than the variable
harvesti ng and marketing costs at harvest-tine. In such situations, the
producer may incur a smaller |oss by abandoning the crop than by harvesting
and sel | ing.

The cost of harvesting nushroonms is estimted at about 20 to 25 percent of
total production costs (Wiest, Hordness). This proportionis lowrelative to
many ot her agricultural crops.

Mushr oom growers usually harvest their crop regardl ess of the market price
Growers do not abandon their rmushroons and | et them decay because this would
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i ncrease the chances of disease spreading throughout the farm Al so, many
growers establish new crops every week and need the roons for the next crop

Mushr oom prices fluctuate fromday to day and many growers are phil osophica
about prices. Agaricus growers also have the option of selling to the
processing market if the fresh market is saturated. Gowers also may sell to
established customers at low prices to nmaintain a good business rel ationship

Speci alty nmushroom growers face a slightly different marketing situation than
button growers. Wile specialty nmushroom prices are | ess variable than when
the industry was very young, they are still not as stable as the agaricus

mar ket. Market gluts do occur. Whereas the processing price tends to set a
lower limt on the returns that growers receive for fresh-market button
mushroons, there is no such residual market and, therefore, no price floor
for fresh-market specialty nmushroons.

If growers believe prices may get too low, they may discard their excess
production to maintain prices. As with button nushroons, specialty nushroom
growers harvest the crop despite oversupply, to reduce the threat of diseases.

Producti on Perils

Natural perils that can affect nushroomyields are excessive rain, excessive
heat and humi dity, excessive cold, high winds, and other seasonal factors.
Mushr oom producti on occurs indoors and is largely insulated from outside
weat her conditions. On occasion, however, outside weather makes controlling
the inside climte difficult.

Autumm is an especially difficult season for nushroom growers. Because the
weat her is nmore predictable during the winter and sunmer, it is easier for
growers to control heating, cooling, and noisture |evels than during autumm.
In autum, sudden tenperature changes increase the difficulty of controlling
conditions inside the nushroom house. |Inaccurate tenperature and humdity
controls can cause discolored or blotched nushroons, which woul d be
unmar ket abl e in the fresh market (Sanp).

Weat her conditions can also interfere with conpost production, particularly
phase 1 conposting, delaying the processing or resulting in inferior conpost.
Brown outs, total power outages, or equipnment breakage can interfere with
controlling the mushroom house climate.

Excessive Rain

Excessive rain can be a particul ar problem during Phase | conposting because
this activity is done out of doors. Too nuch rain during conposting can cause
the conpost to be inproperly cured. Yields froma crop of mushroons produced
in poorly-cured conpost could be reduced by 30 to 40 percent from norna

| evel s (Wiest).
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Excessive Heat and Humidity

Peri ods of excessive heat make it difficult to maintain tenperatures inside
the house at the levels necessary to produce a good yield. Also, during

prol onged periods of high tenperatures, electric utilities may reduce the
anount of electricity available, causing growers to lose the use of their air
conditioners. Since the spawn are very sensitive to heat, high tenperatures
in the nushroom house during the growi ng phase can cause the spawn to becone
infertile and result in crop |loss. Long periods of tinme without air

condi tioning, and high heat |evels, increase the risk and the magnitude of
crop | osses. Sone growers have generators and backup systens to assure
climate control in cases of equipnment failure or power outages.

Excessive Col d

As with excessive heat, excessive cold can also cause |owered yields if the

i n-house tenperatures fall outside the optinmumranges. Problens due to
excessive cold are very rare, occurring perhaps once every 10 to 20 years
(Royse). Excessive cold could be nore of a problemfor smaller growers who do
not have state-of-the-art facilities.

Shiitake growers, who grow their nushroonms outdoors on natural |ogs, are nore
susceptible to yield |l osses from excessive cold and frost than growers with

i ndoors operations. OQutdoor growers, however, make up a small part of tota
producti on.

W nd Storms and Heavy Snhow

W nd storms and heavy snows can cause yield | osses by damagi ng the nushroom
house. Wnd storns occasionally blow the roof off a nushroom house exposing
the beds to the uncontrolled outside weather. Further, heavy snow stornms have
col | apsed rmushroom house roofs. Yield |osses fromthe destruction caused by
these storns generally range from 20 to 80 percent, depending on how quickly a
crew can harvest the renmi ni ng nushroons (Wiest).

I nsects

Insects are |l ess of a problem now that growers nonitor and use insecticides to
control populations in the house. They also use preventative and excl usionary
met hods to keep insects fromentering the house. However, insects can stil
present problems. Sciarid flies and phorid flies are the mjor insect pests
of nushroomns.

The tim ng of an insect's presence is critical. For exanple, a fly entering a
room at spawning tine has a nmuch greater potential to cause damage than one
entering after casing. It has nore tine to increase its population and to

cause greater crop loss. Therefore, fewer flies can be tolerated early in the
crop cycle than later (Coles).

Adult sciarid flies are attracted to the aroma of phase Il conpost that has
yet to be colonized by spawn. Fenmales ready to lay their eggs nost often try
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to enter mushroom houses just prior to and after spawning. Although the adult
sciarid is not detrinental to mushroom production, the |arvae get into the
stem of the nushroom and make them unsal able for either fresh or processing
use. The sciarid fly can be controlled and nmanaged by using insect growth
regulators and fly nonitors (Coles).

Phorid flies are attracted to actively-growing mycelium They will npst often
be detected in the nmid-spawn run, or when the spawn is actively col onizing,

but not prior to spawning. The phorid fly does not feed on or danmge the crop
directly, but carries the verticilliumvirus, which can cause yield | osses
(Col es) .

Di seases

Di seases are controlled by careful conposting and exactly regulating the
climate in the mushroom house. |If detected early in the infection, sone
bacterial and fungal diseases can by controlled w th managenent practices.
Mushr oom di seases can be easily carried from house to house, and fromcrop to
crop, so recomended sanitation practices must be neticulously followed. The

greatest |osses occur when an infection develops in a newy-started crop

Bact eri al Di seases

The maj or bacterial diseases affecting nushroonms are bacterial blotch and
munmy di sease. Both can be controlled through adjustnment to the climte of
t he mushroom house and proper sanitation and hygi ene procedures.

Bacterial Blotch

Bacterial blotch (Pseudononas tol aasii) causes brown or gol den-brown bl ot ches
or lesions to formon the nushroonms. It can occur at any time of the year
The bacteria can be controlled with proper ventilation and by raising the
tenperature in the house to dry the nushroons after irrigation

Synptons of the blotch can appear after the mushroons have been harvest ed.
Mushroonms wi th bacterial blotch | ose value on the fresh market, but can be
sold for processing at a reduced price (West).

Mumry Di sease

Mummy di sease (Pseudononas var.) can begin developing two to three weeks
before harvest. The di sease causes nushroons to die and dry up, or nunmfy.
Affected nmushroonms are not saleable. Mmry disease is mainly a problemfor
spring and sumer crops. The disease is nost commn in bed houses with

si ngl e-zone systenms. Milti-zone, or tray, systens rarely have problens with
munmy di sease (Wiest) .
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Vi ruses

Viruses are |ess of a problemfor nmushroom growers than for other vegetable
producers. LaFrance disease is the main viral infection affecting nushroons,
and its presence has dimnished in recent decades.

LaFrance Di sease

LaFrance di sease was a mmj or problem for nmushroom growers during the 1960's,
causing crop |l osses of 80 to 100 percent in affected houses. Today, the

di sease is rare, showing up in two or three crops a year (out of 52) on a
given farm Synptonms of the virus include curved nushroom stens, prematurely
openi ng caps, and pins that do not develop. Meticulous sanitation controls
the virus. Spawn conpanies check cultures for viral infections. Once
infected, yield | osses due to LaFrance di sease usually run about 20 percent
(Wiest) .

Fungal Di seases

Many of the fungi that affect nushroom production are soil-borne. They are
spread through dust, insects, equipnent, and on pickers' clothing. Fungicides
are available for nost fungal diseases. The two npst wi dely used fungicides,
Vorl ex and Bravo, are not registered for use in every state. Neither chem ca
conpl etely eradi cates fungal diseases, but rather decrease the incidence of

di sease, by a maxi num of 30 percent (Wiest).

Verticillium

Verticilliumfungicola causes brown spots on nmushroons, downgrading their
quality and value. It can also prevent pins from devel opi ng, reducing yields.
The di sease is found on several varieties of mushroons, including the commobn
agaricus, the oyster, and sone varieties of wild nushroonms. Verticillium
spores are sticky, and are dissenminated by wind, free-noving water, flies,

cl ot hing, and equi pnment. Once an infection occurs, verticilliumusually cause
yield | osses of 5 to 10 percent. |If the infection is very severe,
verticilliumcan destroy up to 60 percent of a crop

Cccurrences of verticilliumin Pennsylvania are greatest from March through
Decenber. In January and February, it is less of a problem Lower fly

popul ati ons and snow i n January and February mnim ze the incidence of
pat hogens and hel p prevent the di sease from spreading easily (West).

Green Mol d

Green nold (Trichoderma harzianum) is newto the U S. nmushroomindustry, and
the cause of the fungus is unknown. It has caused | osses of about 30 percent
in crops in Pennsylvania. Green nold was a particular problemin 1993

Producti on has rebounded as growers have taken precautions to control the

di sease. At the end of a crop, the roomis sterilized with steam and
sanitizing chenmicals are used on all surfaces. Wrker movenent between roomns
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and houses is also restricted to control the disease. These precautions have
| onered the spread of the disease. There is, however, no known cure for green
nol d.

M | dew

Dactylium m | dew occurs under conditions of high hum dity in nushroom houses
when outside conditions are hum d and tenperatures are mld. MIldew can run
through a house in three to four days. Salt and Benlate both kill the fungus.
Lowering hum dity inside the house can also kill the mldew. COccurrences of
m | dew are rare

Li pstick

Li pstick is a red fungus that contam nates conpost and can sonetinmes remnain
active even after pasteurization. |If the lipstick fungus grows, it causes
mushroons to open early. Yield |losses can be up to 40 percent of a crop
Occurrences of lipstick are rare (Wiest).

St at e Anal yses
California

California is the second-1argest producer of nushroons in the United States.
There are approximately 12 farnms | ocated along the coast, with the heavi est
concentration in the San Jose area. The |argest producer in Californiais
Mont erey Mushroons, which has three farnms. Canpbell Soups owns one farmin
California. One owner believes that new nushroom farns are unlikely to energe
in California because of the state's tight environnmental restrictions
(Hordness). Farnms in California tend to be anobng the largest in the industry.
Most of the workers are unionized (Phel ps).

California growers nostly produce their mushroons using the tray system Only
two big bed systens exist in the state (Hordness). Al the growers do their
own conposting. Wiile the industry is young relative to the Pennsyl vani a

i ndustry, no new houses have been built in California since the m d-1970's
(Hor dness) .

The agaricus nmushroomis the npost common variety grown in California. There
are very few specialty growers in the state, although it is the major producer
of the enoki variety.

Mar ket i ng

California' s mushroons are sold mainly for fresh use. Excess supplies are
sold to canners or to the artichoke industry, which mari nates and bottles
them Growers sell directly to brokers at ternminal markets in Los Angel es and
San Francisco, to chain stores, and to restaurant supply whol esalers. G owers
do their own packing, nost comonly in 10-pound boxes. Only about 20- to 25-
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percent of the nushroons are packed into tills (small boxes for consuner
sale). Gowers secure their own trucking, nostly through comrercial carriers.

Production Perils

Excessive rain, power outages, and the availability of raw materials for
conposting are the nost inportant production perils in California. Insects,
di seases, and other weather-rel ated problens do not significantly affect
nmushr oom production in the state.

Excessive rain can nake conposting difficult. During periods of continuously
rainy weather, it is difficult to nmake good, nutritious conpost, potentially
reduci ng yi el ds.

Power outages can be a problem because air conditioning is a critical resource
i n mushroom houses in California. Wthout air conditioning, the spawn may
over heat and becone infertile.

Availability of raw material for conposting is also a potential problem Many
growers contract with wheat growers to ensure an adequate supply of wheat
straw. However, bad weather in wheat-grow ng areas can cause a shortage of
supplies and result in high costs. This year, heavy rains in northern
California resulted in flooding in wheat fields and is expected to boost

costs.

Availability of horse manure is also an issue. Many growers depend on horse
manure as their mjor conmponent in conposting. Most of the manure cones from
race tracks, and if racing is curtailed the supply dimnishes. While other
materials for conpost are available, it is difficult to switch from one nethod
of conposting to another, and yields may ultinmately be affected.

Demand for Crop I nsurance

Many California growers currently have insurance to protect against equi pnent

failures and fire. California growers tend to be wary of governnent prograns,
and feel there is already too nuch interference, both at the state and Federa
| evel s. They also do not generally suffer significant crop | osses due to

di seases, insects, or weather factors. G owers may, however, be interested in
crop insurance, particularly at the catastrophic | oss |evel.

Pennsyl vani a

Pennsyl vania is the major U S. mushroom state, with production concentrated in
Chester and Berks counties. In 1992, Chester County accounted for 70 percent
of the state's farns and 52 percent of its sales (Table 5). OQutput is
concentrated around the Kennett Square area of the county. Chester County
mushroons are nostly sold to the fresh market, with the processing nmarket used
for residual sales.

Ber ks County accounted for 22 percent of Pennsylvania's farns and 29 percent
of its sales in 1992. O the 34 farns in Berks County, 23 grow nmushroons
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Tabl e 5--Pennsyl vani a nushr oom producti on,

area and sal es by county,

1992 and

1987
1992 1987
Pr oducti on Sal es Pr oducti on Sal es
Counti es Nunber area Nunber area
of of
farns farns
Sq. ft. $1, 000 Sq. ft. $1, 000
Ber ks 34 5,747, 311 91, 119 58 7,862, 043 53,113
Chest er 109 14,761, 861 164, 960 133 | 14, 965, 246 125,901
Lancast er 6 138, 876 -- 5 159, 380 --
West nor el and 3 168, 804 - - 5 214, 160 - -
Al l others 3 10, 070, 000 54,522 -- -- --
Tot al 155 30, 886,852 | 314,713 204 | 33, 029, 829 225,291
Source: 1992 U.S. Census of Agriculture.



under contract with G orgi o Foods, the nmgjor processor in the area. The
remai ning farns in the county sell nostly to the fresh nmarket.

Pennsyl vani a grows nminly white agaricus nushroons. While specialty nushroomns
are still only a small part of the nmushroom i ndustry, Pennsylvani a produces
the greatest quantity of npbst specialty varieties.

Pennsyl vani a' s nushroomindustry is the oldest in the nation. Many farns have
been in the sane fanilies for several generations. Wile there are sone
younger farms, many went out of business in the 1980's.

The mpjority of Pennsylvania's nushroomfarns use the ol der, bed system where
the entire production process takes place in the same room At one tine
growers did their own conposting, but nost currently purchase conpost from
conposti ng wharves. There are about six to eight conposting wharves in the
state that provide the bulk of the conpost. Three to four dozen farners
continue to make their own conpost (Wiest).

Mar ket i ng

Larger growers, who produce for the fresh market, often have on-sight packing
facilities and pack their own nushroons. Packers sell to wholesalers at a
central warehouse for shipnent to retail stores. Packers also ship nushroons
to term nal markets throughout the country. Smaller growers transport their
nmushroons to farms with packing facilities. About 30 to 40 percent of the
state's fresh nushroons are prepackaged for delivery to najor supermarket

chai ns.

Production Perils

Pennsyl vani a nmushroom producers have nore insect, disease, and weather-rel ated
probl enms than do California growers. G eater weather fluctuations nake
Pennsyl vani a growers nore susceptible to excess rain, w nd, snowstorns, and
hum dity problens than growers in California. During humd weather, it is
difficult to maintain the proper climte inside the nushroom house. Storns
and hi gh wi nds have been know to bl ow off or knock down rmushroom house roofs,
destroying the crop. Oher perils include diseases, such as bacterial blotch

mumry di sease, LaFrance di sease, verticillium green nold, mldew and
lipstick.
Growers are susceptible to brown-outs during the hot sunmmer. [|f power

utilities reduce voltage during periods of heavy electricity use, nushroom
growers | ose the use or effectiveness of air conditioners. Sone growers,
especially the | arger ones, have backup generators for such situations.
General equipnment failure, such as the break down of an air conditioning
system creates a sinmlar potential |loss situation to that caused by a power
failure.

Most of Pennsylvania's nushroom farnms enpl oy non-uni on workers. Many of the

farms provide housing for their workers, who often are fromLatin American and
Puerto Rico. The industry clainms to have good enpl oyer-worker rel ations.
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There has been an incident, however, where a farmclosing was attributed to
probl enms due to the inability of the owner and uni oni zed workers to conme to an
agreenent in re-negotiating workers' contracts (Phel ps).

Demand for Crop | nsurance

Pennsyl vani a mushroom growers are simlar to California growers in their

di strust of governnent prograns, both state and Federal. Al so, because nany
of Pennsylvania's growers have been in the business for a long tine, they know
the art of growi ng nushroons (Wiest). G owers already have access to
commercial insurance for fire and equi pment break downs which may al so cover
crop | oss.

Some growers may participate in the CAT portion of the Federal crop insurance
program if a policy were offered, because of the |low cost of participation
Pennsyl vani a growers may face nore perils than do those in California,
provi di ng an added incentive for the purchase of mushroom i nsurance.

Mushr oom I nsurance | npl ementation |ssues

I mpl ementing a crop insurance policy for nmushroons would involve some of the
sanme issues encountered in offering insurance for containerized nursery

pl ants. Both crops involve multiple crops planted and harvested throughout
the year, and both crops are produced using several different production
systenms. The production perils for a given crop are different for the

di fferent production systens.

Anot her conmon problemis that, despite being grown under controlled-climte
conditions, both crops can be danmaged by weather extremes. Extrene cold can
overwhel m protection systens in place for containerized plants, and extrene
heat can overwhel mthe cooling systens needed for nushroons.

As with containerized nursery crops, non-traditional yield measures would be
needed to nmeasure production history and yield | osses.

Adverse Sel ection

Adverse selection would not likely be a major issue in offering a nushroom
policy. Al nost all commercial nushroonms are produced indoors, which reduces
climate and |l ocation as crop loss factors. Since mushroons are grown indoors,
i nsect and di sease controls are easier to inplenment than for other
agricultural comodities.

Setting Reference Prices
An annual average price would probably be a quite adequate guide for setting
reference prices. Prices for button nmushroons are relatively stable within

the year, and fromyear to year, and an annual average of nmonthly prices
closely reflects current prices throughout the year
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USDA reports average grower prices for fresh market and processing nushroomns
that could serve as a starting point for estinmating a reference price (USDA,
NASS). The fresh market price, however, is an average of prices received by
producers for mushroons as sold at the first point of sale, and includes an
unspeci fi ed anpbunt of return for marketing services. |If, in a given state
part of the fresh market nmushroons are sold f.o.b. packed by growers, part are
sold bulk to brokers or re-packers, and sone are sold retail at roadside
stands, the average price as sold is a weighted average of the average price
for each nethod of sale.

Each nethod of sale contains returns for different anmobunts of nmarketing
services and it can not be determ ned how nmuch of the reported price
represents returns for marketing services and how nmuch represents a farmgate
return to the grower for nushroonms. Sonme adjustnment would need to be nade to
the reported return to arrive at a farm gate equival ent price.

The price for processing nmushroons represents average grower returns for

mushr oons delivered to the processing plant, and includes returns for grow ng,
harvesting, and delivering to the processor. Average grower prices my need
to be adjusted downward by the amount of harvesting and marketing expenses to
arrive at a reference price reflecting the in-the-bed value of mushroons.

Mar ket Prices and APH Di stortions

Most mushroom growers are phil osophical about |ow prices. They have been in
the industry for a long tinme, and do not nmke drastic changes in production
when price fluctuate (Wiest). |If growers feel prices are too |ow, they may
decide to wait a week or two before starting a new crop

Variations in market prices are unlikely to cause any distortion in nushroom
yi el ds because growers can usually sell surplus production for processing
during periods of fresh market gluts and they are reluctant to | et nmushroons
go unharvested. Unharvested nushroons increase the risk of diseases and pest
i nfestations, which can spread throughout a farm

Estimati ng "Apprai sed Production”

Appr ai sed production can be based on the production history of the farm or on
an estimate of the average anmobunt of nushroons normally produced on a certain
size bed, tray, or log. Such estimates may need to take into account seasona
variations in expected production, especially for those specialty mushroons
grown out - of - doors.

Moral Hazard

There are quite a few opportunities for noral hazard in nushroom production
because many minor variations in the environnent can affect yield. 1t would
be easy for a grower to cause (and relatively difficult to docunent) a crop
failure or yield reduction by failing to nmaintain the proper production
environnent in the mushroom house at all tines. Disease and pest problens
could also be left uncontroll ed.
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Moral hazard appears unlikely to be a problem however, if crop insurance were
to be offered for nushroonms. The consequences of negl ecting one crop may
extend to future crops, as pests and di seases could spread fromroomto room
In addition, growers usually establish thenselves with whol esalers and in sone
cases retailers, and they try to fulfill their supply obligation to these
buyers. If a grower devel oped a reputation as an unreliable supplier, buyers
are likely to go el sewhere for their nmushroons.

Availability of Individual Yield Data

There does not appear to be a source for individual yield data other than the
growers thensel ves.

Demand for | nsurance

It is questionable, for several reasons, whether or not mushroom growers would
participate in a nulti-peril crop insurance policy. First, growers tend to be
wary of Government prograns because many believe they are already regul ated
too much. Second, growers currently can obtain insurance against fires or

ot her disasters, such as equipnent failure. Third, virtually all conmercia
mushr oom producti on occurs indoors, where it is largely isolated from
natural l y-occurring perils, such as unseasonable cold, noisture extrenes, w nd
stornms, and hail, which cause nost yield | osses anmong out door crops.

Finally, few producers participated in ad hoc disaster assistance. Disaster
payments to nushroom growers totalled only $3,397 since 1988. Mst of this
noney went to shiitake producers with outdoor operations. Shiitake growers
account for only a small fraction of the nushroom industry.

Despite these factors, sonme growers nay participate in crop insurance.

Partici pati on, however, may be linmted to the nmininum catastrophic |evel of
cover age.
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