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The pistachio tree, Pistacia vera, belongs to the same fanm |y as cashews,
mangoes, poison ivy, poison oak, and sumac. The fruit produced by pistachio
trees is a sem -dry drupe, simlar to the fruit of an alnond tree. Pistachio
nuts are small (less than an inch long) and uniformin size with relatively
thin shells. Mst pistachios are roasted and marketed in their partially-open
shells as a snack food.

The Census of Agriculture reported 1,051 farnms growi ng pistachios in the
United States in 1992, with 69,345 acres in orchards. California accounted
for 96 percent of U S. pistachio acreage in that year, and nost of the

i ndustry's expansion has occurred in that state. The conbi ned acreage of
Arizona, New Mexico, Nevada, and Texas accounted for about 4 percent of al
U. S. pistachio acreage reported in the 1992 Census of Agriculture.

The bul k of California's production is |located in Kern and Madera counties in
the San Joaquin Valley. Kern County accounted for 40 percent of the state's
1992 pistachi o acreage, and Madera County, about 30 percent. Tulare, Fresno,
Merced, and Kings counties (also in the San Joaquin Valley) each reported
2,000 to 5,000 acres. Butte and denn counties (in the Sacramento Vall ey)
reported nearly 650 acres each

Al t hough there are nore small farns than | arge farns produci ng pistachios, the
bul k of production is fromlarge, diversified operations. Nearly a dozen
growers have nore than a thousand acres and one conpany (Paranmount Farns) has
about 15,000 acres of pistachios in western Kern County. Homa Conpany and
Keenan Farnms, Inc. are also |large operations. However, npost pistachio
orchards range from40 to 80 acres in size.

In Kern, Tulare, and Fresno counties, farnms with pistachios frequently al so
grow al nonds and citrus fruit. Madera County growers often have a sinilar
nunber of acres in pistachios and al nonds. Oher crops produced by pistachio
growers throughout the San Joaquin Valley include cotton, wheat, onions,
olives, garlic, and | ettuce.

Pi stachi o production fluctuates widely fromyear to year, mainly due to the
natural tendency of trees to be alternate bearing. However, pistachio nuts
can be stored fromone season to the next so carryover stocks, and to a |esser
extent inports, act to stabilize supplies and prices.

U. S. consunption of pistachios, mainly as a snack food, has nearly doubl ed
since the early 1980's. Wile U S. inports have shrunk and California
producti on has grown, inportant export markets have devel oped in the Far East,
not abl y Japan and Hong Kong, as well as in Gernany.

Pi stachio trees are either male or fenmale, and the trees that produce nuts,
consequently, do not produce pollen. Cultivars used as pollinators are called
mal e (or "nonbearing") and those used for nut production are referred to as
femal e (or "bearing"). Pistachio trees produce nuts about six years after

pl anting and reach full-bearing potential in twelve to fifteen years.



Mat ure pistachio trees have a pronounced tendency to alternately produce heavy
crops (an "on" year) and light crops (an "off" year). This characteristic is
referred to as an "alternate bearing" tendency. The aggregate effect of the
alternate-bearing pattern is reflected in state-level yields. However,
county-average yields reveal additional variations that probably are rel ated

to the age of the trees. |In Kern County, where sone of the first orchards
were planted, average yields are 2-4 tinmes higher in "on-years" than in "off-
years." Annual yield changes in Madera and d enn counties are | ess marked,

but follow the sane pattern as in Kern County.

The maj or production perils to pistachio production are excessive rain and
hum dity, late frosts and hard freezes, warmw nters, drought, and various
di seases and insect pests. Rain and humi dity pronpote fungal diseases which
have probably contributed nore to yield reductions than any ot her peril
Late-spring frosts, unusually warm wi nters, and drought may al so reduce

yi el ds.

Most of the pistachio crop is nechanically harvested in Septenber. The

hi ghest-quality nuts are harvested within ten days after maturity. Pistachios
are hulled, dried, and sorted soon after harvest, but may be roasted, salted,
colored, and shelled later. There is no marketing order establishing m nimum
qual ity standards, but voluntary inspection and grading is w despread. The

pi stachio industry is well organized, with a state marketing agreenent
admi ni stered by the California Pistachi o Conmm ssion

Di saster assi stance paynents for pistachio |losses totalled $387,748 during the
1988-93 period. Paynents were relatively high following the California
freeze, at $211,136 in 1991, and at $160,265 in 1992. Paynents were |ess than
$10, 000 annually in other years. California accounted for nearly 96 percent
of the disaster paynments nmade between 1988 and 1993, while Arizona accounted
for 4 percent, and Texas accounted for 0.2 percent.

Qur assessnent is that there would not likely be significant interest in crop
i nsurance for pistachios, beyond the basic coverage contained in the
catastrophic insurance plan. The nost significant loss in the 15-year history
of the conmercial industry was due to a hard freeze in Decenber 1990 that

killed a | arge nunber of trees. |Insurance on pistachio nut production would
not have provided very nmuch help to growers in that year because the crop had
al ready been harvested. If a nmulti-year pistachio nut policy had been in

ef fect, however, producers would likely have collected sizeable indemities in
the foll owi ng year.

We believe that California pistachio growers are likely to be nmore interested
in tree insurance than pistachio nut insurance. The |oss of pistachio trees
causes greater econom c injury than the |Ioss of the nut crop. A tree
constitutes a long-termcapital investnment and its loss entails nmultiple years
of foregone production, as well as the expense of establishing a replacenent.
The devel opment period for a newtree is at |least 5-6 years, with 7-8 years
needed before an economcally significant crop can be harvested. About 12
years are required before the tree attains its mature production potenti al



Pi st achi os:
An Econoni ¢ Assessnent of the
Feasibility of Providing Multiple-Peril Crop |nsurance

| nt roducti on

Pi stachi os were brought to the Mediterranean Basin near the beginning of the
Christian era (Crane and Maranto). They are believed to have originated in
Central Asia. Although the pistachio was introduced into California in 1854,
there was little interest inits conmmercial possibilities until after the
devel opnent of mechani cal harvesting and processi ng equi pnent. Substantia
acreage was planted in California in the early 1970's and additional acreage
was planted during the early 1980's. Comrercial production of pistachios
began in 1976 and grew to 152 nmillion pounds by 1993 (USDA, NASS).

The pistachio tree, Pistacia vera, belongs to the same fam |y as cashews,
mangoes, poison ivy, poison oak, and sumac (Crane and Maranto). There are
dozens of pistachio varieties in the world. Most countries produce two or
three different varieties. California, however, produces nminly one variety,
"Kerman, " which was devel oped from seed brought from Persia (now Iran) by

W Il 1iam Witehouse in about 1930.

The fruit produced by pistachio trees is a sem -dry drupe, simlar to the
fruit of an alnond tree. Pistachio nuts are small (less than an inch |ong)
and uniformin size with relatively thin shells. Most pistachios are roasted
and marketed in their partially-open shells as a snack food.

The Census of Agriculture reported 1,051 farnms growi ng pistachios in the
United States in 1992, with 69,345 acres in orchards (Table 1). The farm
val ue of pistachio production was $118 million in 1994 (USDA, NASS).

This report exam nes those aspects of the pistachio industry that relate to
the demand for crop insurance and the feasibility of devel oping a pistachio
i nsurance policy.

The U.S. Pistachio Industry
Locati on

California accounted for 96 percent of U S. pistachio acreage in 1992, and
nost of the industry's expansion has occurred in that state. California's

pi stachi o area increased by 16,673 acres between 1987 and 1992, while area in
all other states rose by only 712 acres. The conbined acreage of Arizona, New
Mexi co, Nevada, and Texas accounted for about 4 percent of all U S. pistachio
acreage reported in the 1992 Census of Agriculture.

The bul k of California's production is |located in Kern and Madera counties in
the San Joaquin Valley (Appendix table 1). Kern County accounted for 40
percent of the state's 1992 pistachi o acreage, and Madera County, about 30
percent. Tulare, Fresno, Merced, and Kings counties (also in the San Joaquin



Tabl e 1--States reporting pistachi o production,

1992 and 1987

1992 1987
St at es Far ns Acr es Tr ees Far ms Acr es Tr ees
Ari zona 69 1, 863 231, 698 56 1, 485 174, 505
California 920 66,847 8,838,978 733 50, 174 6, 038, 819
Nevada 10 167 21, 950 7 71 5,924
New Mexi co 46 449 47,711 24 193 18, 385
T exas 6 19 2,417 10 37 5, 257
United States 1,051 69, 345 9,142,754 830 51, 960 6, 242, 890

Source: U.S. Departnent of Commerce,

Census of Agriculture.



Val | ey) each reported 2,000 to 5,000 acres. Butte and G enn counties (in the
Sacranento Valley) reported nearly 650 acres each

Farm Characteristics!?

The | argest nunber of farms with pistachios are relatively snmall operations.
Si xty-one percent reported less than $25,000 in sales of all crops in 1987.
Only 6 percent reported $500,000 or nore in sales, although nearly 20 percent
reported sal es of $100,000 or nmore (Table 2).

Most farnms with pistachios are privately owned. Sixty-two percent were owned
by individuals or famlies in 1987 and 30 percent were partnerships (Appendix
table 2). Fewer than 7 percent were owned by corporations (including fam|ly-
hel d) or had any other fornms of |egal ownership

Al t hough there are nore small farns than | arge farns produci ng pistachios, the
bul k of production is fromlarge, diversified operations. Nearly a dozen
growers have nore than a thousand acres and one conpany (Paramunt Farns) has
about 15,000 acres of pistachios in western Kern County. Homa Conpany and
Keenan Farms, Inc. are also |large operations. However, npst pistachio
orchards range from40 to 80 acres in size (Nichols). Smaller orchards are
nmore nunerous in Madera County, although there are two |arge operations with
3,000-4, 000 acres of pistachios, S& Ranch and Agri-Wrld (Holtz).

Absentee ownership is fairly common. Orchard owners frequently have full -
time, non-farm careers, and hire orchard nmanagenent conpanies to run their
operations (Kallsen).

According to the Census, the mpjority of pistachio producers were part-tine
farmers. Just 36 percent considered farmng their main occupation in 1987
(Appendi x table 3). Seventy-two percent of the operators reported working off
the farmat |east 1 day during the year. Mre than half (52 percent) worked
of f the farm 200 days or nore.

In addition to off-farm enpl oynent, growers supplenent their pistachio incone
wi th substantial sales of other agricultural comvodities, especially other
fruits and tree nuts. Pistachios accounted for only about 20 percent of
agricultural sales on California farnms in 1987, while fruits and tree nuts
accounted for nore than three-fourths of sales (Table 3). Since pistachio
beari ng acreage has risen considerably since 1987 (USDA, NASS), the val ue of
pi stachi o production has likely increased as a share of farm sal es.

In Kern, Tulare, and Fresno counties, farms with pistachios frequently al so
grow al nonds and citrus fruit (Kallsen). Madera County growers often have a
simlar nunber of acres in pistachios and al nonds. O her crops produced by

! The statistical description provided in this section is based on a
speci al tabul ation of pistachio-producing farms fromthe 1987 Census of
Agriculture. No conparable tabulation fromthe 1992 Census was conpl eted at
the tinme this report was prepared.



Tabl e 2--Size distribution of farns produci ng pi stachi os, 1987

Total value of crop sales

St ate Al $500, 000 $100, 000 $50,000 $25,000 Less
farns or to to to t han
nor e $499, 999 $99, 999 $49,999 $25, 000

Number — ------------- Percent of farms---------------
California 733 7 14 10 12 57
O her 97 3 5 1 3 88
u. S 830 6 13 9 11 61

Source: U.S. Departnment of Commerce, Census of Agriculture.

Tabl e 3--Market value of sales fromfarns produci ng pistachios, 1987

Pi st achi os,

State All All Fruit Pi st - % of all
products crops & nuts achi os products
------------------- MIllion dollars---------------  Percent

California 240 234 184 47 20

O her 69 15 1 NA NA

u.s. 309 249 185 47 1/ 15 1/

NA = Not avail abl e.
1/ California only.

Not e: The category "other" is conputed as the U.S. total mnus |isted states.

Source: U.S. Department of Commerce, Census of Agriculture, and USDA, NASS.



pi stachi o growers throughout the San Joaquin Valley include cotton, wheat,
onions, olives, garlic, and |ettuce.

The Pi stachi o Mar ket

Pi stachi o production fluctuates widely fromyear to year, nmainly due to the
natural tendency of trees to be alternate bearing. However, pistachio nuts
can be stored fromone season to the next so carryover stocks, and to a | esser
extent inports, act to stabilize supplies and prices. U.S. consunption of

pi stachios, mainly as a snack food, has nearly doubled since the early 1980's.
While U S. inports have shrunk and California production has grown, inportant
export markets have devel oped in the Far East, notably Japan and Hong Kong, as
well as in Germany.

Supply

U. S. pistachio production was negligible until about fifteen years ago, but
since 1980, output has grown at an average annual rate of 25 percent.? The
long-termtrend in California pistachio output is illustrated by the steady
rise in the four-year noving-average of production between 1980 and 1994.

"Off -year" output (see nore on the alternate-bearing tendency below) rose from
14.5 million pounds (in-shell weight) in 1981 to 128 million pounds in 1994,
while "on-year" output junped from26.9 million pounds in 1980 to 152 million
pounds in 1993.

Production is quite variabl e® because pistachio trees have a marked tendency
to alternate between very large and very small crops in consecutive years
(Table 4). Declines in state-average production of 50 percent or nobre are not
uncommon after a large crop. However, the 1993 and 1994 pistachio crops broke
the alternating bearing pattern apparent since 1980. Total output increased
for two consecutive years because of the rising yields of nany young trees.
Yields rise rapidly after trees begin to produce nuts, which occurs about five
to six years after planting.

Because pistachio output varies considerably fromyear to year, carryover
stocks play a major role in balancing supplies with consunption. During the
1990- 1993 seasons, begi nni ng stocks averaged about 20 percent of tota
supplies. During sone "off-year" seasons, however, such as in 1981 and 1991
begi nni ng stocks accounted for as nmuch as 40 percent of supplies (Table 5).
But, in 1992, follow ng an "off-year"” season, beginning stocks were |ess than
10 percent of supplies.

2 USDA only reports California production. Since California accounts for
the bulk of U S. output, the USDA estimate for California is treated as a U S.
estimate in this report.

8 The standard deviation of California pistachio production between 1980
and 1994 was about 45 nmillion pounds and amobunted to 64 percent of the average
out put (coefficient of variation = 0.64).

9



Table 4--California pistachio acreage, production, prices, and val ues, 1980-94

Beari ng Yi el d per G ower
Year acreage acre 1/ Producti on price Val ue

Acr es Pounds 1, 000 pounds $/ pound $1, 000
1980 27,000 996 26, 900 2. 050 55, 145
1981 28,100 516 14, 500 1. 360 19, 759
1982 29, 900 1,470 44,000 1.490 5, 560
1983 31, 100 849 26, 400 1.410 37,224
1984 30, 800 2,050 63, 100 0.976 61, 586
1985 32, 300 839 27,100 1.370 37,127
1986 34, 200 2,190 74,900 1.120 83, 888
1987 41, 000 807 33, 100 1. 370 45, 347
1988 47, 200 1,990 94, 000 1.220 114, 680
1989 50, 900 766 39, 000 1. 630 63, 570
1990 50, 500 2,380 120, 000 1. 020 122, 400
1991 52, 300 1,470 77,000 1. 250 96, 250
1992 52, 400 2,810 147, 000 1. 030 151, 410
1993 53, 700 2,830 152, 000 1. 070 162, 640
1994 57, 500 2,230 128, 000 0.922 118, 016

P: Prelimnary.
1/ Dry weight, in-shell basis.

Source: USDA, National Agricultural Statistics Service.
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Table 5--Pistachios: Supply and utilization (shelled basis), 1970/71 to 1993/94

Domestic consumption

Marketable Beginning Total Ending
Per
Season 1/ production 2/ Imports stocks 3/ supply stocks 3/ Exports
Total capita
——————————————————————————————————————— 1,000 pounds
——————————————————————————————— Pounds
1970/71 NA 7,489 NA 7,489 NA NA
7,489 0.036
1971/72 NA 10,003 NA 10,003 NA NA
10,003 0.048
1972/73 NA 7,025 NA 7,025 NA NA
7,025 0.033
1973/74 NA 13,433 NA 13,433 NA NA
13,433 0.063
1974/75 NA 10,072 NA 10,072 NA NA
10,072 0.047
1975/76 NA 7,574 NA 7,574 NA NA
7,574 0.035
1976/77 NA 7,771 NA 7,771 NA NA
7,771 0.035
1977/78 1,520 9,528 0 11,048 2,080 320
8,648 0.039
1978779 840 6,863 2,080 9,783 1,080 160
8,543 0.038
1979780 5,240 9,219 1,080 15,539 5,000 1,400
9,139 0.040
1980/81 11,672 1,175 5,000 17,847 5,135 1,840
10,872 0.047
1981/82 5,888 1,817 5,135 12,840 2,061 1,480
9,298 0.040
1982/83 16,986 2,819 2,061 21,866 6,581 3,247
12,037 0.052
1983784 11,115 6,683 6,581 24,378 4,977 1,815
17,587 0.075
1984/85 27,507 7,284 4,977 39,768 11,256 2,758
25,753 0.108
1985786 11,518 14,875 11,256 37,649 7,362 1,658
28,628 0.119
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1986787
26,536
1987/88
22,794
1988789
29,754
1989790
19,842

1990/91
26,505
1991792
20,111
1992793
26,146
1993794
32,383

0.110

0.093

0.121

0.080

0.105

0.079

0.102

0.125

31,005

14,579

44,752

18,029

42,047

25,477

65,362

61,911

5,357

2,166

854

2,124

852

250

395

493

7,362

15,005

5,487

14,897

10,045

16,864

6,072

17,595

43,724

31,750

51,093

35,051

52,944

42,590

71,830

79,999

15,005

5,487

14,897

10,045

16,864

6,072

17,595

25,672

2,183

3,469

6,442

5,164

9,575

16,407

28,089

21,944

NA = Not available.

1/ Season beginning September 1.
2/ Marketable production is NASS utilized production times NASS
inedibles and

noncommercial usage from the California Pistachio Commission.

shellout ratio minus

3/ Beginning and ending stock estimates are from the California Pistachio Commission.

Source:

USDA, Economic Research Service.
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The role of inmports in balancing supply and demand is, however, declining as
U.S. production rises. During the 1990's, pistachio inmports averaged |ess
than 1 percent of total U.S. supplies, conpared to 14 percent in the 1980's.
In 1985, pistachio inmports were at an all tine high, and accounted for 40
percent of U. S. supplies.

Al t hough Iran is the world's | eading pistachio producer, Turkey provided nore
than three-fourths of U S. pistachio inports in 1993 and 1994. Turkey's
important role in the U S. inport market is because of the U S. inposition of
countervailing and anti-dunping duties on lranian pistachios in 1985, and an
i mport enbargo in 1987.

The California Pistachio Comri ssion estimated Irani an pistachio output at 132
mllion pounds in 1994, and 220 million pounds in 1993. During those years,
the U. S. ranked second in pistachio production and Turkey ranked third,
producing 110 million pounds in 1994 and 55 nmillion pounds in 1993.

Demand

Pi stachios are nostly roasted and sold in a partially-open shell as a snack
food. Most pistachio shells open naturally as the nut matures, but those that
remain closed can be split artificially. The red color of sone packaged

pi stachios is not natural. Mture pistachios have ivory-colored shells and
greeni sh kernels, with a thin, rosy-red skin.

Consuners becanme accustoned to red pistachios fromthe M ddl e East when npst
of the U S. supply was inported, and some consuners still prefer the red
color. About 75 percent of California-grown pistachios are sold in the shell
Most are roasted, and very few are dyed (California Pistachio Conm ssion).

U.S. consuners used an average of 0.103 pounds of pistachi os per person per
year during the 1990's, nearly twice as nuch as during the early 1980's.
Consunption rises and falls with changes in the size of the current crop and
carryover stocks. During the 1993 marketing season, for exanple, consunption
rose to a record-high 0.125 pounds per person due to a |arge 1993 crop and
substantial carryover fromthe 1992 narketing season. |n contrast, per capita
consunption was only 0.079 pounds for the 1991 marketing season follow ng the
smal | 1991 crop

Al t hough U.S. pistachios are mainly consumed donmestically, exports have risen
mar kedly since 1990. Exports averaged 31 percent of U S. supplies in the
1990's, compared with less than 10 percent in the 1980's. The Far East,

i ncl udi ng Hong Kong, Japan, and China, and western Europe (nainly Germany) are
the top export markets. In 1994, Hong Kong accounted for nore than one-third
of U S. exports, while China and Japan each accounted for 10 percent, and the
Eur opean Uni on purchased somewhat |ess than 10 percent (USDA, ERS).

13



Prices

The prices that growers receive for pistachios fluctuate fromyear to year
dependi ng on supplies. In nost years, prices nove in the opposite direction
fromyields and production. Thus, prices typically rise during lowyield
years, and decline during high-yield years, although the relationship is not
as strong as for certain other crops.

Hi gher prices can help support grower revenues when output falls. However,
pi stachi os can be stored from season to season, and carryover stocks, as wel
as foreign trade, hel p noderate annual price fluctuations. Because of
relatively mld year-to-year swings in prices,* pistachio revenues usually
decrease when out put decreases, and rise when production rises.

Nut quality is also a determ nant of pistachio prices. Prices are discounted
for excess moisture and defects of the shell or kernel. An excessive nunber
of blank nuts, or nuts with non-split shells, will also |lower grower prices.
Growers are likely to receive only 30 cents a pound for cl osed-shel

pi stachi os, conpared to $1.50 for nuts with naturally-opened shells (Brown).

Growers who have processing and storage facilities can store pistachios from
one season to another and are nore able to sell pistachios when prices are

hi gher. Smaller growers, however, tend to sell their pistachios shortly after
harvest and accept prices that reflect the current supply-demand bal ance.

Buyers base their early price offers on carryover stocks and the projected
crop size. |If the quantity actually harvested differs substantially from what
was initially expected, prices nmay not accurately reflect the actual supply-
demand bal ance. Prices for the 1993 crop, for exanple, did not decline
despite very high production because nost of the crop had been harvested and
sold before its size becanme apparent.

Cultivation and Managenent Practices®

Pi stachi os trees are deci duous, dropping their |eaves in Novenber. The trees
require a dormant period between bearing cycles. Pollination occurs during
April and harvest is in Septenber.

Pi stachio trees are either male or female, and the trees that produce nuts,
consequently, do not produce pollen. Cultivars used as pollinators are called
mal e (or "nonbearing") and those used for nut production are referred to as

4 The standard deviation of 1980-94 pistachio prices was 22 percent of
the nmean val ue (coefficient of variation = 0.22). During the sane period, the
coefficient of variation for production was 0. 64.

5 Technical information in this section is from Pistachio Production, by
Julian Crane and Joseph Maranto, unless otherw se noted.

14



femal e (or "bearing"). Pistachio trees produce nuts about six years after
pl anting and reach full-bearing potential in twelve to fifteen years.

The fruit of pistachio trees are nuts that grow in clusters along the dista
portions of branches produced the previous season. The nuts are conposed of
an outer skin (epicarp), a hull (mesocarp), and a shell (endocarp) that

encl oses a kernel (enbryo). As the nut matures, the outer skin changes from
transl ucent to opaque in color, and the hull softens and | oosens fromthe
shell. The shell then opens and the hull dries and shrivels, but renmains

cl osed, protecting the nut and the partially-opened shell fromthe weather

i nsects, and di seases.

Physi ol ogi cal Characteristics

Pi stachi o trees have several noteworthy physiol ogical characteristics that

af fect annual crop yields and the quality of the crop. These characteristics
i nclude an al ternate-bearing tendency, the production of blank nuts, the
production of "non-splits,” and early splitting.

Al ternate Bearing

Mat ure pistachio trees have a pronounced tendency to alternately produce heavy
crops (an "on" year) and light crops (an "off" year). This characteristic is
referred to as an "alternate bearing" tendency, and is common for many tree
fruits, including apples, olives, oranges, pears, pecans, and pluns.

In pistachios, alternate bearing occurs when the tree sheds an unusually | arge
nunber of flower buds. Flower buds devel op on the pistachio tree during the
spring prior to the year of blossoming and fruiting. Each year sone fl ower
buds are shed during the spring. However, in an "on-year," flower-bud drop
continues into the summer and is probably triggered by the formation of nut
kernels. During the sunmer of a heavy-crop season, the tree sheds flower buds
in such nunbers that fewremain to produce a crop the follow ng season

The aggregate effect of the alternate-bearing pattern is reflected in state-

| evel yields. However, county-average yields reveal additional variations
that probably are related to the age of the trees. In Kern County, where sone
of the first orchards were planted, average yields are 2-4 tinmes higher in
"on-years" than in "off-years"” (Table 6). Annual yield changes in Madera and
A enn counties are | ess marked, but follow the sane pattern as in Kern County.
An alternating pattern is harder to distinguish in Tulare, Kings, and Fresno
counties, where a |larger share of the orchards were planted in the 1980's.

The effects of the alternate bearing pattern on individual tree yields are
quite dramatic. In research plots, "off-year"” yields averaged from8 to 34
percent of "on-year" yields. It is not unusual for an orchard' s yield to
range from 4,500 pounds an acre in an "on-year" to 400 pounds the foll ow ng
season (Ferguson).
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Table 6--California pistachio yields, selected counties, 1986-94

County 1986 1987 1988 1989 1990 1991 1992 1993
1994
——————————————————————————— Pounds per bearing acre-—--—-—-—————————————

Butte 956 968 1,123 526 1,165 918 1,973
1,611 1,809

Colusa 0 0 0 150 975 1,337 2,427
3,409 1,932

Contra Costa 581 575 501 293 83 287 303
736 482

Fresno 1,690 2,437 2,515 1,464 2,459 2,322 2,520
2,542 1,269

Glenn 640 803 1,454 862 1,271 932 2,080
1,332 1,656

Kern 3,096 1,096 3,308 1,092 4,282 2,261 4,386
3,833 3,153

Kings 3,710 1,182 2,272 442 950 956 815
1,322 2,208

Madera 1,639 842 1,596 598 1,867 1,034 2,662
2,194 2,101

Merced 1,807 968 769 373 1,403 588 1,803
1,507 1,379

Placer 808 593 642 306 1,665 645 2,106
700 1,156

Sacramento 0 853 995 313 2,928 394 1,630
2,389 2,982

San Bernadino 101 36 91 11 4 3 26
85 52

San Joaquin 1,029 1,524 1,306 555 1,275 710 2,016
1,819 2,012

San Luis Obispo 0 284 113 148 196 516 331
280 425

Santa Barbara -- -- -- 0 0 231 0
1,120 792

Stanislaus 958 477 1,779 536 1,264 363 985
591 1,540

Sutter 234 1,064 610 670 0 2,142 2,859

514 1,365
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Tehama 82
276 301

Tulare 1,308
3,047 1,509

Yolo 380
1,749 1,207

132 343
1,214 1,043
1,475 884

131

1,301

1,137

166

1,354

1,646

52

1,173

1,632

193

1,604

2,341

--: Not reported.

Source: California Pistachio Commission.
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Al ternate bearing tends to becone nore pronounced and coordi nated as the trees
mature. Mst of the pistachio trees in a 12-year-old plot are |likely to have
the sane bearing cycle (Nichols). In addition, managenent practices that
raise yields in one year, such as fertilization, or exceptionally-good

weat her, can |lower yields the next year.

Pruni ng can al so change the cycle. Trees pruned after an "off-year" crop wll
produce a second snmall crop the foll owing sunmer. Managenent practices can
reinforce or alter the alternate-bearing pattern, but growers have not yet
been able to elimnate it.

Bl ank Nut s

Al l pistachio trees produce blank nuts, or shells that have no kernels inside.
The percentage of blanks is correlated with the alternate-bearing pattern,
rising during off-yield years and falling during years of higher yields.
Research indicates that the actual crop |load on the tree has |ess of an

i nfl uence on the percentage of blanks than the alternate bearing pattern. In
one sanple, individual trees averaged 3-12 percent bl anks during "on-years,"
and 8-17 percent bl anks during "off-years” (Ferguson).

In addition to the alternating pattern, blank nut production appears to be
related to boron deficiencies and insufficient irrigation. A |ate-dornmant
spray application of boron was found to reduce the percentage of bl anks.

Shel|l Splitting

Pi stachi o shells open naturally (split) as the kernel matures. Shel
splitting before harvest is a desirable characteristic because it facilitates
consuners' renpoval of nuts fromthe shells. Although the exact nechanism
causing shell-splitting is unknown, research has shown that it progresses
simul taneously with the maturing of the kernel (Ferguson). Shell splitting
usual ly begins at the end of July, at least a nonth before nut nmaturity, and
continues through m d-Septenber. The hull nornmally remains closed while the
shell is opening.

As with blank nut production, the percentage of "non-splits" (nuts with cl osed
shells) is correlated with alternate bearing. Mre non-splits occur during an
"on-year" than during an "off-year."” Sanples fromindividual trees show non-
splits as low as 3 percent during an "off-year,” and as high as nearly 30
percent in an "on-year" (Ferguson).

Harvest timing, irrigation, and mcronutrient levels all can affect shel
splitting (Ferguson). G owers who delay harvest until the maxi mum nunber of

nuts are mature will have a higher shell-split percentage than those who
harvest earlier. Insufficient irrigation from m d-August through early
Septenber will increase the percentage of non-splits. A |ate-dormant spray

application of boron has been found to increase the percentage of splits.

18



Early Hull Splitting

Early splits are abnormal nuts that have both the hull and shell split at the
same time, along the shell suture, prior to harvest (Doster). This early
opening of the hull (between late July and early Septenber) allows the shel
and kernel to be damaged. The earlier the hull splits, the nore likely the
kernel is to be infested with navel orangeworm or contam nated with nold.

Since the hull is renoved before the pistachios are dried and sorted,
processors depend on the shell to show signs of early hull opening. Sone
signs that may signal noldy kernels include: extensive dark-brown shel

di scoloration, stains only along the shell suture, and oily, crinkled, or
smal | shells.

Early splits normally nmake up 1-4 percent of nut production, with the
percentage varying anong trees in an orchard. Insufficient water during shel
formation (md-April to md-Muy) and excess water during kernel formation
(after md-June) increase the incidence of early-splits.

Propagati on and Pl anti ng

Pi stachio trees are propagated by grafting a bud of the selected cultivar to a
chosen rootstock. The choice of cultivar and rootstock can influence the
tree's resistance to diseases, cold hardiness, nut yield, the incidence of
non-splits, the extent of blank nut production, and the alternate-bearing
tendency. There are two dom nant pistachio cultivars and two rootstocks that
conprise nost comrercial pistachio orchards in California.

Root st ock

The npbst common rootstocks used in California pistachio orchards are Pistacia
atlantica and Pistacia integerrima (al so known as Pioneer Gold |). During the
first decade of conmercial planting, P. atlantica and Pistacia terebinthus
were used exclusively. Both, however, were found to be susceptible to
verticilliumwi It and many trees in the southern San Joaquin Valley were |ost.
Pi oneer Gold I was subsequently adopted because it is | ess susceptible to
verticilliumwlt, although it is less cold tolerant than P. atlantica. A
newer hybrid, Pioneer Gold Il, conmbines verticilliumresistance and col d
har di ness. According to a 1994 survey, Pioneer Gold | rootstock accounts for
48 percent of all pistachio acreage in California; P. atlantica accounts for
42 percent; Pioneer Gold Il, 3 percent; and P. terebinthus, less than 1
percent (California Agricultural Statistics Service).

Est abl i shing an Orchard

Root st ock seedlings are grown in containers for about a year until they are

| arge enough to be transplanted to an orchard. Transplanting is usually done
in md-June. A cultivar is budded to the rootstock in the orchard the
following April or My, although sone rootstock seedlings are ready for
budding in the fall. Fall budding is usually done in August.
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Seedlings are usually spaced 11 to 12 feet apart within a row, with 22 to 24
feet between rows. The trees are planted close within the rowinitially to
boost production during the early years of the planting, and then are thinned
out when crowdi ng occurs. However, crowding is usually not a problemfor at

| east ten years because the trees grow slowy.

Mat ure pistachio trees are usually 20-25 feet tall and 25-30 feet wi de. They
begi n producing nuts 4-5 years after budding (5-6 years after planting), but
an economcally significant crop is not usually harvested for 7-8 years.

Varieties

A given pistachio tree produces either nale or female flowers, but not both.
Cultivars tend to be identified as female or mal e because all of the trees of
that cultivar have been propagated with buds fromtrees of the sane sex.
Kerman and Joley are the preferred femal e (nut-bearing) cultivars, while
Peters and Gazvin are the main male (pollinator) cultivars.

Ker nan

USDA began eval uating various pistachio cultivars fromthe Mediterranean in
1904 at the Plant Introduction Station in Chico, California, as a potentia
new crop. However, a suitable variety for California growi ng conditions was
not found until 1957 when "Kerman" was introduced for trial purposes. Kerman
was selected froma group of seedlings grown from seeds inported fromlran

In 1994, Kerman conprised 92.5 percent of California pistachio acreage (CASS).
Ker man produces exceptionally large nuts with excellent kernel quality.
However, the trees have a pronounced alternate-bearing tendency and, despite
relatively high yields, produce a high percentage of blank nuts and nuts with
non-split shells.

Jol ey

Joley is a new pistachio cultivar grown in California and New Mexico. It
conprised less than 0.1 percent of California acreage in 1994 (CASS). Joley
was devel oped at the USDA Station in Chico, originating as an open-pollinated
seedling fromseed inported fromlran. It was named in 1980 after a forner
station director. Joley trees blossom and bear nuts earlier in the season
than Kerman. Experience with limted plantings of Joley indicates it produces
nmore nuts with split shells and fewer blanks than Kerman.

Peters

The Peters cultivar was devel oped in Fresno and nanmed in the early 1900's. It
remai ns the dom nant pollinator, accounting for 6 percent of California s 1994
pi stachio acreage. It is considered a universal pollinator because it sheds

pollen while many fermal e cultivars are receptive
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Gazvin

Recently introduced fromlsrael, the Gazvin variety nmay be able to provide
nore pollen to Kerman than Peters because Gazvin has an earlier peak-bl oom
date. Although Peters has been an effective pollinator of Kerman, its average
peak- bl oom date occurs before Kerman bl oom begi ns. The peak-bl oom date of
Gazvin coincides nore closely with the early bl oom of Kerman.

Producti on Requirenents
Soi

Al t hough pi stachi os can adapt to many kinds of soils, they grow best on deep
light, sandy | oans that have a high linme content. Well-drained soils are
required in order for the tree to flourish and bear well, since the root
systemw Il not tolerate prolonged wet conditions. Pistachio trees are nore
tol erant of al kaline and saline soil conditions than are many other trees.

Tenperature

Pi stachios thrive in areas with hot, dry, sunmer weather and noderately cold
winters. Optinmumtenperatures for pistachio production in the United States
can be found in California's central valleys at elevations of 500 to 600 feet.
Pi st achi os shoul d not be planted above an el evation of 3,000 feet because coo
sumrer tenperatures do not promote good kernel devel opnent. Pistachio trees
grow well in some areas of southern California, including the desert areas,
but produce very few nuts if the winter is too warm From 700 to 1,000 hours
of winter tenperatures at or below 45° F are needed in order for pistachio
trees to fruit normally.

Pruni ng

Young pistachio trees require training during the first 4-5 years to develop a
recommended structure. Training begins the second year after the rootstock is
planted in the orchard. A strong trunk that extends 36 to 40 inches fromthe
ground to the first scaffold branch is devel oped to facilitate mechanica
harvesting. Each year new growth shoul d be headed back to 30 inches while the
framework of the tree is being established.

Trees are pruned as the orchard natures to keep the centers open so that al
branches receive sunlight. Trees tend to naturally spread as they grow and
branches will eventually be pulled down by the weight of the foliage and nuts.
Droopi ng branches tend to sunburn and to shade the branches below. O der wood
must occasionally be renmoved to prevent spreading and to stinulate renewa
growh fromthe scaffold branches. Topping and hedgi ng machi nes are often
used on 3-5 year old wood. Pruning is done during the w nter

Pol | i nation
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Pi stachi os trees are dioecious, which neans that they do not produce nale
(staminate) and female (pistillate) flowers on the sane tree. Wnd carries
the pollen fromthe nale to female flowers. Fenmale flowers do not produce
nectar nor do they have colorful petals to attract bees. Consequently, bees
are not effective pollen carriers.

For maxi mum fruiting, abundant pollen should be available during the first 2
to 3 days of the fermale bloom period. The Kerman variety has a bl oom peri od
of about 11 days, fromthe first to the third week of April. Since the Peters
and Gazvin varieties bloomfromthe end of March through m d-April, both can
provi de adequate pollen to Kerman trees. Male pistachio trees are prolific
pol |l en producers so that one male tree provides enough pollen for 10 to 12
femal e trees.

Fertilization

The nost likely plant nutrients to be deficient in pistachio orchards are

ni trogen, boron, zinc, and copper. Although precise nutritional needs are
still being researched, the ranges of recommended m neral weights for healthy
| eaves have been established. Foliar analysis is recormmended to determ ne

pl ant nutrient needs before applying fertilizer because excess |evels of sone
m nerals can be as harnful as shortages.

The normal range of nitrogen in pistachio | eaves appears to be 2.5 to 2.9
percent dry weight in August (Beede, 1994). Levels below 2.3 percent are
likely to be associated with synmptons of nitrogen deficiency, including:

del ayed bud break; short, thin shoots, with reddish bark; small, pale-green
| eaves with reddish veins and petioles; |eaves that turn reddish to yell ow
with tinme; and early |eaf drop

Nitrogen is typically applied to the soil of pistachio orchards four tines
from March through July. A recommended application rate is one pound of
nitrogen per tree per year, which is approxinmately the amobunt renoved by a
noder at e-si zed (1,500 pound per acre) nut crop. Insufficient nitrogen

repl acenent | owers potential yields.

Boron deficiency is associated with "crinkle leaf,"” which is characterized by
defornmed | eaves that are tw sted, cupped, crinkled, and irregular in shape.
In addition, irregular, blister-like areas devel op on the bark and shoot tips
di e back. Boron deficiencies are likely if the leaf tissue level is bel ow 90
parts-per-mllion (ppn) in August and below 50 ppmin the spring. Soi
applications will correct deficiencies, but repeated applications can result
in |leaf necrosis caused by boron toxicity.

Research has indicated a |link between boron nutrition and fruit set. Applying
boron in foliar sprays in April and May (just prior to bud swell and through
20 percent bud break) during the "on year” was found to raise yields by

i ncreasing pollen gernmination, as well as by reduci ng bl anki ng and non-splits
(Ferguson). Foliar boron sprays are nore effective at raising yields than are
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soil applications. However, excess boron can also be a problemwi th foliar
applications, causing reduced fruit set.

A zinc deficiency can cause "little leaf," which is characterized first by
del ayed growt h of floral and vegetative buds in the spring, and then by
dwarfed | eaves on shoots that have very short internodes. Zinc deficiency has
been associated with | eaf tissue values below 7 ppm based on foliar analysis
i n August (Beede, 1994). Fall (m d-Cctober) and | ate-dornmant soi

applications of zinc chelate or zinc sulfate will correct deficiencies, as
will foliar applications in early-to-md April

Shoot die-back in late July and August is a sign of copper deficiency. Norma
pi stachi o | eaves contain 6 to 10 ppm of copper. Values at |less than 4 ppm
probably signal a deficiency (Beede, 1994). Copper conpounds are often added
to insecticide sprays that are applied after bloomin April

Pestici des and Fungi ci des

Pi stachi os usually receive two sul fur applications for control of mtes in
July and August. Pernmethrin insecticides are commnly used after fruit set in
md- to late-April to conbat navel orangeworns and ot her pests.

Fungi ci des may be applied at any tinme between April and Cctober, whenever
climatic conditions make infection by air-borne fungi a problem Fewer
applications are made in August or Septenber because nany pesticides are
prohi bited within specific pre-harvest intervals.

Spray applications of chemicals currently registered for use on pistachi os--
benomyl at full bloom followed by three copper hydroxi de sprays--provide
partial control of fungal disease. The nost effective fungicides (iprodione
and chlorothalonil) are not yet available for growers to use on pistachios.

Irrigation

Al t hough pistachio trees are relatively drought tolerant, successfu

commerci al production requires adequate soil noisture, particularly during the
sumer. Insufficient soil nmoisture reduces tree growth and yields, causes the
nuts to be lighter and smaller, and increases the nunber of blanks and non-
splits.

Mat ure pistachio trees with canopi es covering about 60 percent of the orchard
floor use approximtely 40 inches of water during an average sumer in the
sout hern San Joaquin Valley. Trees use 7-10 inches of water per nonth during
June, July, and August. Sonewhat less irrigation is required in the
Sacramento Valley, where winter rainfall is higher (typically 16-20 inches).
Virtually all California pistachio orchards are irrigated. Originally, nost
were irrigated with furrow (flood) or drag-line sprinkler systens. However, a
hi gher incidence of fungal infection associated with those systens pronpted
growers to change to | owvolunme (drip, fan-jet, and mcrosprinkler) systens
(Kall sen). Flood and sprinkler irrigation systenms were found to pronote
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fungal infection by raising the relative hunmidity in the orchards. 1In
addition, the splashing water from high volunme sprinklers spreads fungus
spores. Nearly all irrigation systens in Kern County orchards are | ow vol une,
but flood irrigation is still used in sone areas of Madera County.

Pr oduction Perils

The maj or production perils to pistachio production are excessive rain and
hum dity, late frosts and hard freezes, warmw nters, drought, and various
di seases and insect pests. Rain and hum dity pronote fungal di seases which
have probably contributed nmore to yield reductions than any ot her peril
Late-spring frosts, unusually warm wi nters, and drought may al so reduce

yi el ds.

Rain and Humi dity

High relative hum dity associated with excessive rain provides ideal grow ng
conditions for several types of air-borne fungi that cause pistachi o di seases.
Rain drops initiate spore rel ease and hel p spread fungal diseases by carrying
spores to uninfected | eaves and nuts. Yield | osses have been reported as high
as 40-70 percent due to fungal -di sease damage.

The incidence of two common fungal diseases, botryosphaeria and botrytis, are
i ncreased by wet conditions. Spores of botryosphaeria are released fromtree
bark when struck by rain drops in the spring. Prolonged rainfall in the
spring also favors botrytis shoot blight. (See further discussion bel ow.)

Frosts and Freezes

Pi stachio trees can generally tolerate relatively | ow w nter tenperatures,
with some having survived a winter tenperature of 6° F without injury.

However, the "100-year freeze" in Decenber 1990, which caused w despread
damage to nmost fruit and nut trees in southern California, provided one of the
few weat her-rel ated set-backs to pistachio production. Trees were killed in
Kern and Madera counties, pronpting the only significant disaster paynents
made to pistachio growers between 1988 and 1993.

Pi stachio trees begin to blossomin |late March and may be damaged by a | ate-
spring frost. However, pistachio blossonms in California's central valleys
have never been subjected to a |late-spring frost (Ferguson). |In Midera
County, early-fall freezes can damage | ate-harvested pistachio (Holtz).

Col d danmge can be minim zed by choosing an orchard site with good air flow
and planting trees with cold-hardy rootstock. Pistacia atlantica is the nost
cold tolerant rootstock, followed by Pioneer Gold Il and Pioneer Gold |

Warm W nt er Tenper at ures
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WArm wi nt er tenperatures can reduce pistachio yields (Ferguson). Pistachios
require from700 to 1,000 hours of winter tenperatures at or below 45° F in
order to fruit normally the followi ng summer. Nut production may be reduced
in a season following a winter that provides inadequate chilling.

Hai

In Arizona, the hail that often acconpani es | ate-season thunderstorns has
caused extensive damage to pistachio crops just before or during harvest
(Ni chol s).

Dr ought

Pi stachios are fairly drought resistant, but drought stress during critica
stages of the grow ng season can decrease yields by reducing nut size, by
interfering with shell splitting, and by dimnishing vegetative growh. Lack
of water during shell formation (md-April through md-May) is associated with
a higher nunber of early-split nuts. The percentage of nuts with non-split
shells rises with insufficient water late in the season (m d-August to m d-
Septenber). Al though nost pistachio orchards are irrigated, drought may be a
production threat if insufficient water is applied.

Di seases®

Bot ryosphaeri a Bl i ght

Botryosphaeria blight is caused by Botryosphaeria dothi dea, an air-borne
fungus that danages pistachio buds, flowers, young shoots, |eaves, and fruit
clusters. Wen infected, the entire cluster usually dies. The fungus

overwi nters on tree bark. The spores are rel eased when struck by rain or
irrigation water. High tenperatures (80° F - 86° F) and wet conditions favor
this disease. Until 1989, Botryosphaeria blight was |largely confined to the
Sacranento Valley, where rain in April fostered outbreaks resulting in yield
reductions of up to 40 percent (Mchailides). However, in 1994, growers in
the San Joaquin Valley reported | osses as high as 70 percent. Orchards with
sprinkler irrigation are nore susceptible than those with | owvol une systens.

No fully-effective fungicide has been registered for use on pistachios to
conbat Botryosphaeria blight. Using registered pesticides--an application of
benonyl at full bloom followed by three copper hydroxide sprays--provides
partial control. Conbining fungicide applications with the pruning of

i nfected shoots and the renmoval of infected clusters can keep the disease

| evel | ow

The inci dence of Botryosphaeria blight can be greatly reduced by using | ow
angl e sprinklers and by renmoving overwintering fruit stems and | eaf petioles.

6 Unl ess other sources are identified, information about diseases is
based on Pistachi o Production, by Crane and Maranto.
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Botryti s Shoot Blight

Botrytis cinerea is an air-borne fungus that initially infects flower clusters
and then spreads to new shoots. Botrytis shoot blight girdles and kills new
growh. This disease is favored by prolonged rainfall in the spring and
relatively | ow tenperatures, which occur nore often in the northern Sacramento
Val ley than in the San Joaquin Valley, where nost pistachio orchards are

| ocat ed.

The sane fungicides used to control Botryosphaeria blight are reconmended to
control Botrytis shoot blight. Renpval of infected foliage will destroy the
source of the spores, and | ower the incidence of infection.

Alternaria Late Blight

The fungus Alternaria alternata can cause severe defoliation of pistachio
trees and result in fruit deterioration during harvest (Mchailides). Yield
| osses are due to noldy kernels, nut shell staining, and early defoliation
Alternaria late blight usually develops fromlate July to October, when dense
tree canopi es, heavy norning dew, and high tenperatures can conbine to create
the high-humidity clinmate favorable for fungal growh.

Alternaria infection generally occurs earlier and does nore damage in orchards
with flood or sprinkler irrigation than in orchards with | ow vol unme systens.
However, in recent years, periods of high relative hum dity near harvest-tine
and del ayed harvesting have nade |late blight nore of a problem even in
orchards with | owvolune irrigation.

Al t hough difficult to control because the nost effective fungicides (iprodione
and chlorothal onil) have not been registered for use on pistachios, infection
can be reduced significantly by omtting one irrigation in late-July or early-
August. Growers have used several spray applications of approved fungicides
(benonyl and copper hydroxide) with m xed results.

VerticilliumWIt

Verticilliumwilt is caused by a soil-borne fungus, Verticilliumdahliae, and
is the nost serious disease of pistachio trees in California, particularly in
the southern San Joaquin Valley (Ferguson). The fungus can live in the soi

for many years. It invades the plant through the roots and noves up through
the water-conducting tissues. When the tree is affected, the leaves wilt, and
turn yellow and then brown. Eventually, the tree dies. Pre-plant soi

fum gation with nmethyl brom de and chloropicrin is recommended. The use of
resi stant rootstock is the best way to control this disease.

The two npst comon rootstocks used in early California pistachi o orchards,
Pi stacia atlantica and Pistacia terebinthus, were found to be susceptible to

verticilliumwilt. During the late 1970's and early 1980's, many pistachio
orchards in the southern San Joaquin Valley were planted where cotton had been
grown and the soil was infected with verticillium Thousands of pistachio
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trees planted in Kern County died and were replaced with trees on new
rootstock. Pistacia integerrim (Pioneer Gold |I) rootstock is tolerant of the
di sease and has been used successfully in infected areas.

Crown_and Root Rot

Crown and root rot is due to infection by several species of Phytophthora, a
soi | -borne fungus. Pistachio trees in poorly-drained areas are the npst
likely to be infected. However, the fungus is wi despread. Synptons of

Phyt ophthora rot are simlar to verticilliumwlt. Less vigorous trees are
the nost likely to succunb to Phytophthora infection and die quickly. The

i ncidence of crown and root rot is expected to increase as pistachio trees

i ncrease in age and decline in vigor

Trunk and Branch Canker

Three speci es of Phytophthora, P. parasitica, P. cryptogea, and P. capsici
have been associated with trunk and branch cankers (MacDonald). Synptons of
the di sease include the devel opnent of dark, sunken areas of bark from which
resin exudes. These cankers can enlarge over time, girdling and eventual |y
killing entire branches or trees.

Fungi ci des are not an effective treatnment. The best control is to nmininze
tree injury during the growi ng season because spores enter through wounds such
as those frompruning cuts or Iinb breakage. Using irrigation systens that do
not splash water onto branches or trunks will also reduce infection, since
surface waters may be contam nated with pathogeni c speci es of Phytophthora.

Af | at oxi n

Aflatoxin, a very toxic nold that infects many types of nuts and seeds, is
produced by Aspergillus falvus and A parasiticus fungi (Doster). Early
splitting of pistachio hulls can allow entry of these fungi and the

devel opnent of aflatoxin on the kernel. Early splits nornmally nmake up 1-4
percent of nut production, with the percentage increasing with either too nuch
or too little water at different stages of developnent. |If good quality
standards are being enforced by the processor, nuts with stained shells or
other signs of nmold will not be packed, thus reducing the risk of marketing
cont am nat ed nuts.

Nut -inporting countries, particularly the European Union and Japan, are
demandi ng that nore restrictive aflatoxin standards be met by exporting
countries. Although California pistachi os have been free of aflatoxin, the
Western Pistachio Association created a conmttee several years ago to nake
recommendati ons about upgrading U. S. sanpling and testing methods (Brown).

I nsect s’

” Technical information in this section is fromlnsect and Mte Pests of
Pistachios in California, by RE Rice, WJ. Bentley, and R H Beede, unless
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Navel orangeworns were the first reported pest of pistachios and remain a
source of serious kernel damage. Several types of sucking bugs cause epicarp
| esions (shell discoloration) and kernel necrosis. Unlike navel orangeworms
that do the greatest damage in August, npst insects that cause epicarp | esions
are a threat all season. Mte and scal e damage to pi stachi os has increased
with the use of insecticides to combat other pests. |Insecticides, predaceous
i nsects, and good orchard sanitation practices help control insect

popul ati ons.

Navel O angewor s

Mat ure pistachio nut neats are primry hosts of the navel orangeworm (Anyelois
transitella), along with alnonds and wal nuts. Adults lay their eggs within
split hulls or shells, on the nut surface, or on nearby tw gs and stens. Four
generations of navel orangewormnms can be produced in a pistachio orchard
between | ate March and Cctober, but npbst egg-laying takes place when nut
shells are beginning to split, in late July or early August.

Damage by navel orangeworm | arvae to pistachio nuts varies from pin-hole entry

points to total destruction of the kernel. Late-harvested nuts usually have
the nost damege, with potentially 10 percent or nore of the nuts infested,
while nuts harvested earlier will have a |lower infestation rate.

In addition to early harvest, good orchard sanitation hel ps control nave
orangewor m popul ati ons. Navel orangeworns overwinter in the larval stage or
as pupae in mumry nuts on the tree or the ground. The host fruit (pistachio,
al rond, or wal nut kernels) is the only known food source for the |arvae.
Thus, thorough harvesting of newcrop nuts and the rempoval and destruction of
munmy nuts prevent the survival and devel opnent of |arvae.

Several insecticides are registered for the control of navel orangeworns on
pi stachios. The best time for applying chemicals is in August. However,
there are restrictions on chem cal application within certain pre-harvest
intervals. Orchard sanitation is the nost satisfactory way to prevent nave
orangewor m i nf estati on.

Leaf f oot ed Bugs, Stinkbugs, and Sinilar Pests

Epi carp lesions can lead to substantial yield | oss, and may be caused by

| eaf f oot ed bugs (Leptogl ossus clypealis), stinkbugs (especially Thyanta

pal l'i dovirens, or the red-shoul dered plant bug), and small insects of the
Mridae fam |y (Phytocoris relativus, Lygus hesperus and Cal ocoris

norvegi cus). Epicarp |esions cause brown-to-al nost-black spots on the hul

and shell. The spots may be the diameter of a pea, or may cover nost of the
nut's exterior surface. Since nmost pistachios are sold in the shell, darkened
shells are usually rejected by processors, |owering grower yields and causing
econom c | osses.

ot herwi se not ed.
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Nuts attacked early in the season (before shell hardening in |ate May or early
June) shrivel and drop fromthe tree. |Infestations later in the season result
in poorly devel oped, discolored kernels and shells. Leaffooted bugs and
stinkbugs | ay eggs on pistachios from April through Septenber, but mrids do
little damage after shell hardening.

Most of these bugs are general feeders, and pistachios are not the nain host.
Leaf f oot ed bugs overwinter in evergreen hosts and in orchards where protection
is provided by leaf litter and debris. Stinkbugs and mirids nmigrate from
native | egunes and grasses in uncultivated areas and from comercial crops
(such as cereal grains, alfalfa, cotton, and safflower) to pistachi o orchards.

Frequently, the damage to pistachios is reduced by controlling insect

popul ations in adjacent areas. Pernethrin insecticides applied to pistachio
orchards after fruit set in md-to-late April can prevent extensive danage.
Some egg parasites and predator insects have been identified, although

bi ol ogi cal control is not yet w despread.

Mtes

Citrus flat mtes (Brevipal pus lewisi) feed on the | eaves, petioles, stens,
and fruit of pistachio trees and form dark, scablike blotches on surface

ti ssues. Continued feeding causes nut clusters, petioles, and hulls to wther
and dry. Pacific mtes (Tetranychus pacificus) colonize on both the upper and
| ower | eaf surfaces of pistachio trees. Damage first appears as small, brown
spots along the nmid-rib of the leaf, and then expands until nuch of the | eaf
is browmn and dead. Mtes can cause severe defoliation

Infestations of citrus flat mites can be controlled by applying sul fur-based
conmpounds. Several predaceous mites have been isolated that could provide

effective biological control. However, the heavy use of insecticides to
control other pests of pistachios may preclude the devel opnent of biologica
control. Increased populations of citrus flat nmites and pacific mtes

typically follow heavy insecticide use.
Scal e

Two species of scal e have been the nost troublesonme in pistachio orchards:
European fruit | ecanium (Parthenol ecanium corni) and frosted scal e

(Part henol ecani um prui nosunm). Scale insects are very small, with body

di ameters usually less than 5 millinmeters. Adults vary fromlight to dark
brown and may be covered with a |ight-white wax, while imuature scale is dark
and shiny. Black scale (Saissetia oleae) may attack pistachios, but its
primary hosts are citrus and olives.

The damage to pistachios fromscale arises fromthe | arge amounts of honeydew
produced during the early spring. The honeydew contam nates the foliage and
fruit, and provides a substrate for growh of sooty nold. Heavy popul ati ons
of scale reduce tree vigor. Sooty mold interferes with photosynthesis and may
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rai se the proportion of non-splits (Beede). Nut clusters covered with
honeydew and sooty nold are difficult to harvest and process.

Frosted scale and fruit |ecanium scal e have been kept under control by severa
speci es of wasp parasites and other general predators, including |adybugs.
However, the wi despread use of pesticides to control insects that produce

epi carp lesions has disrupted the biological control of scale. Application of
dormant oil can hel p prevent the survival of scale (Beede).

Bi rds

Birds can renove entire nuts and puncture hulls, creating an entry point for
fungi and insects. Damage can result in substantial |osses, particularly in
smal | er, isolated orchards, where bird depredation affects a | arger share of
the crop. Crows, scrub jays, and ravens are the primary bird pests of

pi stachios. O |esser inportance are magpies, black birds, and starlings. No
effective control neasures exist except temporary deterrents, such as

noi semakers.

Mar ket i ng Pi stachios

Most of the pistachio crop is nechanically harvested in Septenber. The

hi ghest-quality nuts are harvested within ten days after maturity. Pistachios
are hulled, dried, and sorted soon after harvest, but may be roasted, salted,
colored, and shelled later. There is no marketing order establishing nininum
qual ity standards, but voluntary inspection and grading is w despread. The

pi stachio industry is well organized, with a state marketing agreenent

adm ni stered by the California Pistachi o Comm ssion.

Har vesti ng

California pistachios are harvested from | ate August through m d- Decenber, but
the bulk of the crop is harvested during September. Nut maturity is signaled

by the skin changing fromtranslucent to opaque, and taking on a rosy hue. In
addition, a softening and | oosening of the skin and hull fromthe shel
occurs, which is sometinmes described as "slipping." After |oosening, the hul

dries and shrinks over a period of several weeks. During that period, the
hulls normally remain closed and the nuts do not fall fromthe tree.

Al t hough pi stachi os can be harvested for up to a nonth after they mature, the
hi ghest-quality nuts are obtai ned by harvesting within 7 to 10 days of
maturity. Crude fat accumul ation, kernel dry weight, and the color of the
kernel and shell are optinmum when the hull first separates fromthe shel
(Crane and Maranto). The inability to schedul e custom harvesting at the
optimal time is one comon reason why growers del ay picking.

Pi stachi os are harvested nechanically by prune-harvesting equi pnent, which is

conposed of two separate, self-propelled units. The shaker, which has a
catching frame, and another catching frame (with a conveyor belt and bl ower),
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are positioned on opposite sides of the tree. Wen the tree is shaken, the
nuts fall into the canvas aprons of the catching frames and roll onto the
conveyor belt. The nuts nove past a blower, to renove | eaves, on the way to
large bins in which they are transported to processing plants. Two
experienced workers can harvest about one acre of pistachio trees per hour
(Crane and Maranto).

Packi ng, Storing, and Shipping

To determ ne nut quality, processors draw sanples as | oads are delivered from
the field. Sanples are used to deternmine the prices paid to growers. Loads
fromdifferent growers are m xed together before processing. Processing
consists of at least hulling and drying, and may entail roasting, salting, and
coloring before nuts are packaged.

Pi stachio hulls are renoved nechanically. Abrasive vegetable peelers and
wal nut hullers nodified with rubber discs have been used. However, the nost
common device used to hull pistachios consists of two rubberized belts that
nove in the same direction, with one belt noving faster than the other. The
nuts are fed between the belts and the hulls are rubbed off. The nuts then
nove to a flotation tank for washing and bl ank renoval. After washing, the
pi stachios are dried for 8 to 10 hours, at 150° F to 160° F, until the

noi sture content is reduced to about 5 percent (Crane and Maranto).

Pi st achi os should be hulled and dried within 24 hours of harvest in order to
mai ntai n high kernel quality and to prevent shell discoloration. The degree
of shell staining increases with |onger del ays between harvesting and hul |ling.
Excessively high drying tenperatures, hull damage, and | ater harvest dates

al so increases shell staining. Nuts that cannot be hulled within two days of
harvest are cool ed and stored at 32° F to deter deterioration of nut quality.
Al t hough harvest is conpleted within 3 nonths, pistachios are stored and

mar keted for nore than a year. The marketing season extends from Septenber 1
through the end of COctober the follow ng year (USDA, NASS). Mbst pistachio
stocks are held by processors. Only growers with the very |argest operations
do their own storing, packing, and shipping.

There are about two dozen pistachio processors, including Paranount Farnms (the
| argest), Dole Dried Fruit and Nut Conpany, Homa Conpany, and Keenan Far ns,

I ncorporated. There are two or three grower cooperatives that have processing
facilities, including the Pistachio Producers of California and Cal - Pure

Pi stachi o Cooperative (Brown). Mst of the processors have grow ng
operations, or subsidiary growi ng operations (Ferguson).

Grades and St andards
At the time this report was prepared, there were no federal or state marketing
orders establishing m ninumquality standards for pistachios. However, sone

i ndustry nenbers are interested in establishing conmpul sory grade standards.
The Western Pistachio Association was instrunmental in formulating voluntary
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grade standards for pistachios that were issued by USDA in 1986 (Crane and
Mar ant o) .

Processors usually hire inspectors from USDA or the Dried Fruit Association of
California (DFA) to grade the nuts (Brown). DFA is a trade organization that
has been gradi ng pistachi os since 1980, and reportedly grades about half of
the processed out put.

St andards for the grades of in-shell pistachios |ist the naxi num all owabl e
percentages of non-split nuts, nuts not split on the sutures, shells wth
light and dark stains, nuts with adhering hull material, shell pieces, blanks,
nuts with damaged kernels, and | oose kernels. The highest grade is U S.

Fancy, followed by U S. Nunmber 1, U S. Nunmber 2, and U. S. Nunmber 3. Standards
al so establish size ranges for in-shell pistachios: Extra Large (20 or fewer
nuts per ounce), Large (21 to 25 per ounce), Medium (26 to 30 per ounce), and
Small (31 or nmore nuts per ounce).

Qual ity standards are high for pistachios. |In order to be graded U. S. Fancy,
no nore than 2 percent of the sanple can have dark stains on the shell. The
ot will not neet the | owest grade standard, Nunber 3, if nmore than 6 percent

of the nut shells have dark stains. Non-splits nust be no nore than 4 percent
of the sanple to neet the standard for the | owest grade. By signing the

vol untary marketing agreenent, processors agree not to sell substandard

pi stachi os or ungraded nuts.

I ndustry Organi zati ons

The pistachio industry does not operate with a marketing order that regul ates
shi pments or that establishes compul sory grade standards, but rather, has a
state marketing agreenent. California |egislation authorized the industry to
forman organi zation to collect grower assessnents and to use the funds for
mar ket pronotion and research activities.

The legislation resulted in the California Pistachio Conm ssion, which was
established in 1981 by producer referendum (Crane and Maranto). The

Conmi ssion is conposed of eight nenbers and eight alternates, elected from
anong nore than 500 pistachio growers throughout the state. The 1994/95
assessment rate was set at 1.5 cents per pound of pistachios sold (CPC)

Menbership in the Western Pistachio Association is not linmted to growers, and
has grown to about 300 members since the organizati on was established in 1973.
Prior to 1981, it was nanmed the California Pistachio Association (Brown). The
Associ ation collects nenbership dues in order to conduct activities that the
Commi ssion is not authorized to undertake, such as the encouragenent of the
passage of federal regulations requiring inports to be |abeled as to country
of origin, and the inposition of duties on inports fromlran (Crane and

Mar ant o) .

32



Costs of Production

Production costs for pistachios in the southern San Joaquin Valley are

esti mated at about $2,100 an acre, regardl ess of the yield (Table 7). Harvest
costs rise slightly with higher yield, but only slightly, ranging from $148 to
$157 an acre for yields between 1,000 and 3,000 pounds. The added expenses
for higher yields are due to added hauling costs. Harvesting accounts for
about 25 percent of all cultural expenses, and about 7 percent of total costs.
Appendi x table 4 contains a detail ed budget of production costs.
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Tabl e 7--Costs of producing pistachios, southern San Joaquin Valley, 1991

Yi el d

ltem (Pounds per Acre)

1, 000 1, 500 2,000 1, 500 3, 000

—————————————— Dol | ars per acre------------

Cul tural cost 580 580 580 580 580
Harvest cost 1/ 148 151 153 155 157
Total operating costs 728 731 733 735 737

Harvest percent of operating costs 20. 3% 20. 7% 20. 9% 21. 1% 21. 3%

Cash over head costs 221 221 221 221 221
Noncash overhead costs 2/ 1,141 1,141 1,141 1,141 1,141
Tot al costs 2,090 2,093 2,095 2,097 2,099
Harvest percent of total costs 7.1% 7.2% 7.3% 7.4% 7.5%

1/ Based on a rate of $1.25 per tree and 115 trees planted per acre.

2/ Includes depreciation of trees representing recapture of establishnment
costs.

Sour ce: Cooperative Extension Service, University of California, Davis.
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Ad Hoc Di saster Assistance for Pistachios

Ad hoc disaster assistance |egislation was nmade avail able for | osses of
commercially-grown crops in each of the years 1988-93. Ad hoc paynents
provi de an indication of high-loss areas during that period, and nmay indicate
states and counties that would be relatively high risk under a pistachio

i nsurance program Disaster data provide one indicator of the demand for a
pi stachio crop insurance policy.

Paynments have been nade under the categories of participating program crops,
nonpartici pati ng program crops, sugar, tobacco, peanuts, soybeans, sunflowers,
nonpr ogram crops, ornanmentals, and at tines, aquaculture. Producers w thout
crop insurance--the case for pistachios--were eligible for paynents when

| osses exceeded 40 percent of expected production. |If a producer had no

i ndividual yield data to use in calculating "expected production,” county-

| evel or other data were used as a proxy. Paynment rates for pistachios were
based on 65 percent of a 5-year average price, dropping the high and | ow
years.

Di saster assi stance paynents for pistachio |losses totalled $387,748 during the
1988-93 period (Table 8). Paynents were relatively high follow ng the
California freeze, at $211,136 in 1991, and at $160,265 in 1992. Paynents
were | ess than $10, 000 annually in other years.

California accounted for nearly 96 percent of the disaster paynments nmade
bet ween 1988 and 1993, while Arizona accounted for 4 percent, and Texas
accounted for 0.2 percent.

Ad hoc disaster paynents for pistachios were concentrated in Kern and Madera
counties in California, where nost of the crop is produced. Disaster paynents
for California pistachios averaged to less than 0.1 percent of the val ue of
crop production over the 1988-93 period (Table 9).

I nsurance | nplenentation |ssues
Adverse Sel ection

The alternate-bearing pattern of pistachio trees, and their susceptibility to
soi |l -borne and air-borne fungi, create the potential for adverse selection in
i nsuring pistachios. Pistachio yields in successive seasons tend to seesaw
substantially above and bel ow average (see section on "Alternate Bearing").
Because growers can anticipate | owyield seasons ("off-years” in the alternate
bearing cycle), they could purchase insurance only during seasons follow ng

| arge crops. By insuring only during anticipated "off-years,” indemities
woul d I'ikely exceed, and insurance premunms fall short, of actuarially sound

| evel s.
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One nmethod for dealing with the alternate bearing i ssue would be to require
comm tnment on the part of the grower to buy insurance for several consecutive
years. Such a nulti-year commitnment would generally avoid situations where
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Tabl e 8--Di saster assistance paynents for pistachios, 1988-93

Year Ari zona California Texas Tot a
---------------------------- Dollars-------------ccccmom-o-
1988 0 8, 785 0 8, 785
1989 0 0 293 293
1990 5,723 0 0 5,723
1991 9, 896 201, 029 211 211, 136
1992 0 159, 861 404 160, 265
1993 0 1, 546 0 1, 546
Tot al 15, 619 371, 221 908 387, 748

Source: U.S. Department of Agriculture (CFSA) data files, conpiled by the
General Accounting O fice.

Tabl e 9--Pistachios: Curmul ative crop val ue and di saster
assistance in California, 1988-93

Anmount
Crop val ue 1/ $ 715, 990, 000
Di saster paynents 2/ $371, 000
Di saster paynents, share
of crop val ue 0.1%

1/ Crop values from USDA, NASS.

Source: CFSA data files, conpiled by the General
Accounting O fice, and NASS.
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growers purchased insurance only in years in which they expected bel ow
aver age vyi el ds.

Di seases may al so create the potential for adverse selection. Pistachio
trees are highly susceptible to verticilliumwlt, a soil-borne fungi which
lowers the tree's vitality and yields, and may eventually kill the tree.
Because growers know their orchard's di sease history, they could insure high-
risk sites where expected | osses exceed prem uns.

Sonme ol der rootstock varieties have much | ess resistance to verticilliumwlt
i nfection than the newer Pioneer Gold variety. |In addition, sone areas may
present a higher risk of infection than others. Verticilliumwlt has been a

particular problemin the southern San Joaquin Valley, especially on |and
t hat had been planted to cotton.

The type of irrigation systemcreates a third adverse selection potenti al
Orchards with sprinkler or flood irrigation systems have a higher incidence
of fungal infection than those with a |lowangle or drip system because
sprinkler water that comes into contact with the tree initiates production of
blight spores. It may be desirable to Iimt coverage to resistant rootstock
and fields with lowvolune irrigation systens to avoid insuring orchards
prone to fungal diseases.

Quality Loss

Various situations can |lower quality and affect grower returns. Insufficient
wat er, for exanple, can reduce the quality of the crop by increasing the
proportion of non-splits and bl ank nuts. Delayed harvesting and/or hulling
al so can reduce quality by increasing the incidence of shell staining.

Fungal di seases and insect-danmaged kernels can also stain the shells. The
phase of the alternate bearing cycle can also affect quality, as the
proportion of nuts with non-split shells rises in heavy-crop years.

One way to take account of quality loss is to offer a value of production (or
dollar) plan. 1In such a plan, growers insure based on a val ue-of-production
guarantee. Since the value of production is determ ned by yields and prices,
quality is factored into the value through its influence on price. Low
quality pistachios result in a lower price than higher-quality pistachi os.

Setting Reference Prices

FCI C provides reference prices (price elections) for insured crops, which
becorme the basis for calculating indemity paynments. Insured growers select
a price election when they purchase insurance as the basis for val uing

i ndemi ty paynents.

Despite the tendency for pistachios to alternate between above and bel ow

average output in successive seasons, prices have been relatively consistent.
An average price for recent seasons, consequently, provides a fairly good
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forecast of the followi ng season's prices. The season average grower price
reported by NASS provi des an adequate estinmate of farm gate val ue.

Estimating "Apprai sed Production"

Appr ai sed production for pistachios could be estinmated by harvesting a sanple
of trees and inspecting the yield fromthe sanple to determ ne the quantity
and quality of the renmining production. This procedure would be conparabl e
to the procedure used for tree fruits, such as peaches.

Mar ket Prices and Mral Hazard

Moral hazard due to |l ow nmarket prices is not likely to be an issue in

i nsuring pistachios. Pistachios are storable from season to season, and

mar ket prices, consequently, are relatively steady within and between
seasons. Prices are not likely to be so low that intentionally causing a
yield loss and collecting an indemity is nore profitable than harvesting and
mar keting a crop.

Growers are likely to harvest all pistachios regardl ess of |ow nmarket prices
since harvesting expenses are a relatively small share of total production
costs. Moral hazard due to low prices, therefore, is not likely to be an
issue in offering crop insurance for pistachios.

Avail ability of Individual Yield Data

Yield histories for plots within an orchard may vary because of differing
ages of the trees (young trees require up to 12-15 years to reach their yield
potential) and differences in mcro-climate. |In addition, sone operations
that produce pistachi os have thousands of acres of orchards, located in

di fferent geographic areas.

I ndi vidual yield data will probably have to be supplied by the growers
thensel ves. County-Ilevel production and yield data, as well as state-average
prices, are published in the annual reports of the California Pistachio

Commi ssion. In addition, the Conm ssion keeps records of planted and bearing
acreage, while processors report individual grower's deliveries in the course
of collecting assessnents for the Commi ssion. These data may suppl enent

i ndi vidual grower yield records.

The California Agricultural Statistics Service has conducted an annua

Pi stachi o Acreage Survey since 1982 (except in 1993) under the sponsorship of
the California Pistachio Comm ssion. The survey is based on a random sanpl e
of 600 to 1,000 pistachio trees fromall pistachio-growing regions in
California. County-level data concerning the acreage, variety, and age of
pistachio trees is published in the "California Pistachio Objective
Measurenment Survey Results.”

Demand for | nsurance

39



Qur assessnment is that there would not likely be significant interest in crop
i nsurance for pistachios, beyond the basic coverage contained in the
catastrophic i nsurance plan. The npst significant loss in the 15-year

hi story of the conmercial industry was due to a hard freeze in Decenber 1990

that killed a | arge nunber of trees. |nsurance on pistachio nut production
woul d not have provided very nuch help to growers in that year because the
crop had already been harvested. |If a nulti-year pistachio nut policy had

been in effect, however, producers would likely have collected sizeable
indemmities in the follow ng year

Growers are able to deal with nost of the production perils encountered in
California. Pistachios are noderately drought resistant and nost orchards
are irrigated, so that drought is not a serious production peril. However,
fungal disease problens have recently becone wi despread in pistachi o-grow ng
areas, and can be difficult to control with approved fungicides. Production
practices can help prevent nold damage in sone cases.

Insuring Trees vs. Insuring Nuts

The | oss of pistachio trees causes greater econonic injury than the |oss of
the nut crop. A tree constitutes a long-termcapital investnent and its |oss
entails multiple years of foregone production, as well as the expense of
establishing a replacenent. The devel opment period for a newtree is at

| east 5-6 years, with 7-8 years needed before an econonically significant
crop can be harvested. About 12 years are required before the tree attains
its mature production potenti al

We believe that California pistachio growers are likely to be nore interested
in tree insurance than pistachio nut insurance. The only substantial |osses
that the California industry has experienced arose from freeze-damged and
verticilliuminfected trees that had to be renmoved and repl ant ed.
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Appendix Table 1--States reporting pistachio production: Agricultural Census, 1987 and 1992

1992 1987
State and : :
major counties Total Harvested Total
Farms Acres Trees Trees 1/ Farms Pounds Farms Acres Trees
Arizona 69 1,863 231,698 198,729 52 1,032,336 56 1,485 174,505 :
Cochise : 32 1,089 125,592 102,160 24 522,110 23 719 84,514
Pinal 5 194 25,398 (N) 3 (N) 8 (N) 42,177
Other 32 580 80,708 96,569 25 510,226 25 766 47,814
Cdlifornia 920 66,847 8,838,978 7,656,771 715 143,301,741 733 50,174 6,038,819
Kern 92 26,727 4,199,538 3,642,834 63 75,578,564 58 16,869 2,276,239 :
Madera 276 20,672 2,365,346 2,235,572 265 36,549,444 252 16,238 1,854,494
Tulare 86 4,747 538,413 363,026 73 5,179,276 65 3,428 351,787
Fresno 74 4,273 486,261 375,529 45 6,400,361 45 1,884 223,508
Merced : 61 3,611 423,099 411,465 56 10,360,924 43 4,639 520,386
Kings 14 2,143 235,579 179,820 11 3,092,997 14 3,754 439,765
Butte 27 648 77,896 73,234 21 1,161,635 23 532 65,963
Glenn 16 637 93,515 92,353 14 1,428,095 13 591 82,938
San Bernadino : 82 577 64,853 40,706 51 437,458 56 327 37,131
San Luis Obispo: 14 504 69,587 41,156 10 303,607 13 162 16,091
Santa Barbara : 6 394 51,694 46,442 4 (N) 8 435 36,267 :
San Joaquin 12 106 13,182 (N) 8 122,105 10 145 18,274 :
Other 160 1,808 220,015 154,634 94 2,687,275 133 1,170 115,976
Nevada 10 167 21,950 5,000 2 (N) 7 71 5,924
New Mexico 46 449 47,711 17,093 17 64,072 24 193 18,385
Texas 6 19 2,417 (N) 1 (N) 10 37 5,257
United States : 1,051 69,345 9,142,754 (N) 787 144,399,899 830 51,960 6,242,890

1/ Trees of bearing age.
(N): Indicates "not available" or "not published" to avoid disclosure of individual operations.
Note: Counties sorted by 1992 total acres.

Source: U.S. Department of Commerce, Census of Agriculture.
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Appendix table 2--Organizational type of farms growing pistachios,
by sales class, 1987

Total value of crop sales

Organizational All $500,000 $100,000 $50,000 $25,000
Less

type farms or to to to
than

more $499,999 $99,999 $49,999
$25,000

Individual or family

California 446 9 40 31 53
313
Other 66 0 1 1 2
62
U.S. 512 9 41 32 55
375

Partnership

California 230 24 54 35 35
82

Other 21 0 3 0 1
17

U.S. 251 24 57 35 36

99
Corporation

Family held

California 40 11 7 5 0
17

Other 4 1 0 0 0
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U.s.
20

Other than family held

California

Other

Other
California

Other

44 12 7
9 5 1
2 0 1

11 5 2
8 0 1
4 2 0

12 2 1

Source: U.S. Department of Commerce, Census of Agriculture.

Appendix table 3--Principal occupation and number of days worked off-farm

by operators of farms growing pistachios,

1987

Total value of crop sales

Item All $500,000 $100,000 $50,000 $25,000
Less
farms or to to to
than
more $499,999 $99,999 $49,999
$25,000
—————————————————————— Number of farms------—————————-
Farming is
main occupation:
California 258 40 56 24 26
112
Other 38 3 5 1 2
27
U.s. 296 43 61 25 28
139

California
15.3



Other 39.2
27.8

16.7

Operator days off-farm:

None
California 169
82
Other 31
21
U.S. 200
103
Any
California 532
323
Other 65
63
U.S. 597
386

1 to 99 days

California 74

40
Other 6

5
U.S. 80

45

100 to 199 days

California 73
44
Other 12
12
U.S. 85
56

200 days or more

California 385
239
Other 47
46
U.S. 432
285

Not reported

California 32

16
Other States 1

1
U.S. 33

17

27

30

20

20

34

38

64

65

15

16

10

10

39

39

11

12

53

53

46

46

15

17

72

73

13

13

52

53

Source: U.S. Department of Commerce, Census of Agriculture.
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Appendi x Table 4
Sanpl e Costs for Produci ng Pistachios

Sout hern San Joaqui n Val |l ey
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