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Executive Summary

The concentration of tree nut production in the United States varies according to the type of
crop. Nearly dl U.S. commercial almond, pistachio, and walnut acreage is concentrated in the Centra
Vdley areaof Cdifornia. In contragt, production of hazelnutsis limited to the Pacific Northwest,
mostly Oregon, where the tree thrivesin that state's mild climate. Commercia pecan acreageis
scattered across thirteen states in the South, although the grestest concentration of acreageisin
Georgia, Texas, and New Mexico.

Across the various types, more dmond trees were grown in the United States than any other
nut tree in the early- and mid- 1990's. Almond trees produced the highest revenue among dl U.S. nut
tree crops, totaing over $1 billion in 1996 and averaging to about $923 million annudly between 1994
and 1996. The high values associated with this crop have resulted in increased plantings within the last
few years. When these dmond trees reach bearing age, it is expected that commercid production
should increase sgnificantly.

Nut trees are deciduous and produce the highest yidlds in climates that experience cool weather
during November and December, followed by warmer weather in January and February. The cool
westher provides the trees with a period of dormancy in the winter, while the warm westher
immediatdy following promotes blossom production. Without a sufficient number of chill hours, bud
opening may be delayed, the bloom may be uneven, and a poor crop and branch dieback may occur.
For optima pallination, nut trees are best planted in a climate where frost does not occur after
February. Low temperatures at any time during the year--below 12° F to 15° F--can cause serious
damage to both the nut crop and the trees.

Hazelnut trees, in particular, do not thrive in ether very hot or very cold climates. Cold
temperatures--below 15° F--result in reduced nut production. Very hot temperatures cause leaves to
dry up and stress to the tree, again reducing crop size. These trees flourish in moderate climates that do
not experience either of these extremes.

Although adaptable to many soil types, most nut trees produce the highest yields in deep, light
soils that have good drainage. Most nut trees do not tolerate prolonged wet conditions. Such Situations
can cause root rot, or weaken the anchoring ability of the roots, resulting in susceptibility to toppling
during strong wind storms. In extreme cases, excessve wetness can result in the death of thetree. Nut
trees are most able to withstand excessive moisture during their dormant period without any serious
damage to the trees or to production.

Mot nut trees begin bearing nuts within 2 to 4 years after planting. While most trees may
produce a smdl quantity of nuts during the earlier years, a least 6 years are typically required before a
nut tree produces a good-sized commercid crop. Once the trees become productive, they can
produce high yields for many years. Commercidly productive pecan trees exi<, for example, thet are
over 100 yearsold.

Nut trees generaly do not grow true from seed, and therefore are generally propagated by
grafting or budding a desirable variety onto arootstock. The rootstock may be a different variety of
that same nut tree, or it may be associated with a related type of tree in the same family. Peach
rootstock, for example, may be used in the grafting of dmonds. The rootstock variety is chosen
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because of its hardiness or resistance to certain diseases, but may not produce a nut with desirable
characterigtics. Asaresult, the wood of avariety that produces a desirable nut is grafted onto the
rootstock (after removing dl of the tree's branches) of the hardier variety to achieve maximum
production of the best marketable nut.

Most nut trees are harvested with the use of atree shaker. This machine grips the trunk of the
tree and shakes it, causing the nuts to drop. The nuts are either caught by an gpron, or fal onthe
ground where they are then raked up or blown together and gathered. Harvesting occursin the fall
when the nuts are ready to be released and the tree’ sbark is stable. Asaresult, trees do not need to
be shaken very vigoroudy and harvesting (when done correctly) is not consdered to be harmful to the
tree.

Various fungad and bacteria diseases affect nut trees, and generdly cause grester damage to the
nut crop than to the tree itself. There are afew diseases, however, that can destroy the tree or reduce
its productivity to the extent that it is necessary to removethetree. In most of these cases, it is
unadvisable to replant nut trees on that acreage. Many diseases can be controlled with chemica sprays
or fumigation. In some cases, however, the chemica mos effective in controlling the disease is methyl
bromide, the availability and use of which is uncertain over the next severd years.

Other perils can dso affect nut trees.  Frosts or freezing temperatures occurring directly after
warm wegather can damage buds that may have begun to emerge on the trees. Frost damage can have
aripple affect, reducing the tre€' s productivity for severa years, especidly if the frost occurs during the
“on-bearing” year. Heavy winds are aways a problem for any kind of tree crop if the winds follow
long periods of heavy rains or flooding. Wet soil reduces the ability of the root system to anchor the
tree, and high winds in such Stuations are more readily able to cause toppling. Treesinfected with root
rot diseases (which are dso commonly associated with wet conditions) are aso more susceptible to
toppling in heavy winds.

The demand for insurance appearsto vary by type of treeand area. Severd farm advisorsin
Cdifornia, for example, felt there would be interest in crop insurance for nut trees, especidly in areas
where flooding and strong winds are likely to occur. Growers may aso be interested becauise of the
number of diseases that can affect different trees. Many years are often required before a disease
becomes apparent and, in many cases, there are no rootstock that are totaly tolerant to a disease.

Growers may aso want crop insurance for their trees because they may adready have coverage for the
crop and want to cover their investment in the tree as well.

Pecan growers in Georgia, northern Missssippi, and Alabama are believed to have afairly high
demand for crop insurance to cover their nut trees. The demand for nut tree insurance is, however,
thought to be less than the demand for insurance of the nut crop. Many orchards that are producing
commercia pecan crops were planted in the 1800's, and some native trees are much ol der.

The hazelnut extension specidist in Oregon did not believe that demand for crop insurance for
hazelnut trees would be significant. The greatest demand would likely emerge from growers most
concerned about Eastern Filbert Blight, since the disease can kill an entire orchard in 7 to 10 years.
Hazelnuts are hardy and are grown in amild environment, and many growers are believed not to be
very interested in obtaining insurance only for the trees.



Nut Trees. An Examination of the Feasbility
of Providing Federal Crop Insurance

This report examines the feasibility of insuring the trees of five U.S. nut crops. amonds,
hazelnuts, pecans, pistachios, and wanuts. These crops were chosen for the analysis because they are
the primary nut crops produced in the United States, and the trees are not presently covered by
Federd multi-peril crop insurance. The availability of insurance for nut tree cropsisin varying stages of
development. For severd crops—-amonds, walnuts, and pecans—-insurance is available for the nut
crops in many areas, but not for the trees themselves. For other crops--hazelnuts and pistachios--
insuranceis not available for either the nut or the treein any location.! Macadamias, another major
U.S. nut, have the most complete availability of coverage currently: insurance is available for both the
nuts as well as the macadamia nut tree.

TheNut TreeIndustry

Supply

The concentration of tree nut production in the United States varies according to the type of
crop. Nearly dl U.S. commercid dmond, pistachio, and wanut acreage is concentrated in the Central
Vadley area of Cdifornia. In contragt, production of hazelnutsis limited to the Pacific Northwest,
mostly Oregon, where the tree thrivesin that state's mild climate. Commercia pecan acreageis
scattered across thirteen states in the South, although the greatest concentration of acreageisin
Georgia, Texas, and New Mexico (USDA, NASS).

Acraoss the various types, more dmond trees were grown in the United States than any other
nut tree in the early- and mid- 1990's (Tables 1 and 2). Almond trees produced the highest revenue
among al U.S. nut tree crops, totaling over $1 hillion in 1996 and averaging to about $923 million
annudly between 1994 and 1996. The high vaues associated with this crop have resulted in increased
plantings within the last few years. When these amond trees reach bearing age, it is expected that
commercid production should increase sgnificantly.

While pecan trees account for the second largest number of nut trees in production--and for the
most acreage of any of the nut tree crops--the vaue of the pecan crop is lower than for dmonds,
averaging to $207 million over the 1994-96 period. Unlike most other nut tree crops, alarge
proportion of pecan acreage produces nuts from native and seedling trees, and not improved varieties.

1 Prior Economic Research Service (ERS) reportsto the Risk Management Agency (RMA) address the feasibility
of insuring hazelnuts and pistachios.



Plantings of such native and seedling trees are more sporadic than other tree plantings, and overdl
productivity per acreislower.

The bearing acreage associated with walnuts, pistachios, and hazelnutsis smdler than the
acreage in dmonds and pecans. Pistachio production isrelaively new to the U.S. compared to other
nut crops, and the trees are generaly younger and planted using newer techniques. Hazelnut (filbert)
acreage is concentrated in the Willamette Valey of Oregon, and has the smallest acreage of any of the
crops discussed in thisreport. The vaue of production associated with these three crops over the
1994-96 period averaged to $296 million annualy for walnuts, $134 million annualy for pistachios, and
$23 million annudly for hazelnuts.

Table 1--Nut trees, Number of Farms, Acres, and Trees, 1992

Typeof Tree Farms Acres Trees
Almonds 6,263 441,700 37,262,330
Pistachios 1,051 69,344 9,142,754

Pecans 21,206 473,426 10,073,078
English wanuts 7,276 214,159 9,188,660

Source: Department of Commerce, 1992 Census of Agriculture,

Table 2-- Nut trees, Bearing Acreage, 1994-96

Tree and State 1994 1995 1996
Hazelnuts 27,400 27,800 28,350
Oregon 27,200 27,600 28,200
Washington 200 200 150
English wanuts
Cdifornia 171,000 169,000 169,000
Pistachio:
Cdifornia 57,500 60,300 64,300




Almonds
Cdifornia 409,000 400,000 405,000

Source: U.S. Department of Agriculture, National Agricultural Statistics Service.
Demand

Although the U.S. Department of Agriculture collects data on bearing acreage in mgjor nut
crops, very little information exists on the demand Stuation. 1t appears, however, that the U.S. nut tree
market isincreasngly dependent on export markets. Almond exports, for example, are amagjor portion
of total sdes, with the high grower returns and growing demand for dmonds in internationa markets
resulting in an increase in plantings in recent years. Pistachio production aso gppears to be increasing,
as witnessed by the recent increase in bearing acreage (Table 2). Again, international demand for
American pistachios may be fueling the increased plantings.

Cultivation and Marketing Practices
Climatic Requirements

Nut trees are deciduous and produce the highest yieldsin climates that experience cool westher
during November and December, followed by warmer weether in January and February. The codl
wesether provides the trees with a period of dormancy in the winter, while the warm weether
immediately following promotes blossom production. Without a sufficient number of chill hours, bud
opening may be delayed, the bloom may be uneven, and a poor crop and branch dieback may occur.
For optimal pollination, nut trees are best planted in a climate where frost does not occur after
February. Low temperatures at any time during the year--below 12° F to 15° F--can cause serious
damage to both the nut crop and the trees.

Hazelnut trees, in particular, do not thrive in ether very hot or very cold climates. Cold
temperatures--below 15° F--result in reduced nut production. Very hot temperatures cause leavesto
dry up and stressto the tree, again reducing crop Sze. These trees flourish in moderate climates that do
not experience ether of these extremes.

Planting and Production Practices

Although adaptable to many soil types, most nut trees produce the highest yields in deep, light
soilsthat have good drainage. Most nut trees do not tolerate prolonged wet conditions. Such Situations
can cause root rot, or weaken the anchoring ability of the roots, resulting in susceptibility to toppling
during strong wind storms. In extreme cases, excessve wetness can result in the death of thetree. Nut
trees are most able to withstand excessive moisture during their dormant period without any serious
damage to the trees or to production.



Nut trees require supplementa nutrients in order to maintain their productivity. Because most
nut trees have an dternate-bearing tendency, they consume significant amounts of nutrients during their
heavy crop years, causing the trees to be stressed the next year. Any lack of nutrients mostly affects
crop production. Over ashort period of time, inadequate fertilization does not generaly result in
damage to the tree. Depending on the type of tree, gpplications of nitrogen, potassium, phosphorous,
zinc, boron, and magnesium are used to reduce stress.  Excess use of any of these nutrients can,
however, dso be harmful to thetree. Good crop management that provides alevd of fertilization
adequate to reduce tree stress may aso minimize the aternate-bearing nature of the trees.

Propagation and Orchard M anagement Practices

Most nut trees begin bearing nuts within 2 to 4 years after planting. While most trees may
produce a smdl quantity of nuts during the earlier years, at least 6 years are typically required before a
nut tree produces a good-sized commercial crop. Once the trees become productive, they can
produce high yields for many years. Commercidly productive pecan trees exi<, for example, that are
over 100 yearsold.

Nut trees generdlly do not grow true from seed, and therefore are generdlly propagated by
grafting or budding a desirable variety onto arootstock. The rootstock may be a different variety of
that same nut tree, or it may be associated with a related type of tree in the same family. Peach
rootstock, for example, may be used in the grafting of dmonds. The rootstock variety is chosen
because of its hardiness or resistance to certain diseases, but may not produce a nut with desirable
characterigtics. Asaresult, the wood of avariety that produces a desirable nut is grafted onto the
rootstock (after removing dl of the tree's branches) of the hardier variety to achieve maximum
production of the best marketable nut.

Some exceptions, however, exidt to this practice. Because the hazelnut is actualy a shrub
trained to grow as atree, it is propagated differently. Hazelnuts are propagated by rooting a part of the
treewhile it is fill attached to the parent tree. New developmentsin hazelnut production, however, are
moving towards grafting onto rootstock. Pecan trees also can provide an exception. Pecans are the
only nut tree where some of the crop is produced from seed. Because those trees produced from seed
may vary in characterigtics from the parent, nut qudity and yield are more variable than from the
improved varieties.

Nut trees usudly require early training and pruning of limbsin order to shape the tree into the
proper scaffolding structure. In addition, suckers are removed to maximize nut production. Annudly
pruning is necessary to remove dead, diseased, or criss-crossing branches. Thinning and pruning also
ensure that al branches receive sufficient sunlight to thrive and produce nuts. With some trees, such as
hazelnuts, the nuts only grow on new shoots, which makes annud pruning a necessity.

Harvesting and Marketing Practices

Most nut trees are harvested with the use of atree shaker. This machine grips the trunk of the
tree and shakes it, causing the nuts to drop. The nuts are either caught by an apron, or fal on the



ground where they are then raked up or blown together and gathered. Harvesting occursin the fall
when the nuts are ready to be released and the tree’ sbark is stable. Asaresult, trees do not need to
be shaken very vigoroudy and harvesting (when done correctly) is not consdered to be harmful to the
tree.

Shaking to thin the Sze of the crop and increase the Size of the remaining nutsis usudly donein
late summer. During this period, the tre€ s bark naturdly dips, making it eesier for the shaking machine
to cause wounds that invite insects and diseases. The tree so must be shaken more vigoroudy in late
summer than at harvest in the fall because the nuts are not yet mature and reedy to drop. Therefore,
any shaking damage usudly occurs during thinning and not a the time of harvest (Thompson).

Production Perils

This section provides agenerd overview of the production perils that affect most nut trees.
Additiond information is provided for each type of nut tree in the crop-specific sections that appear
later in this report.

Hurricanesand High Winds

Because of the geographic location of production, hurricanes are a problem mostly for pecan
growers. Pecan production in the Ddlta areas of Louisana and Alabama, and in any areas within 150
to 200 miles of the Gulf and Atlantic coadts, are especidly susceptible to the dangers caused by
hurricanes. The heavy winds brought by hurricanes can cause tree defoliation and limb breskage.
Trees may be uprooted, especidly if they are planted in sandy soils or if the trees are loaded with nuts.
Generally, the extent of damage depends on the soil type, wind speeds, and the nut load on the tree.
Most other nut tree crops are planted in locations where hurricanes rarely occur.

Heavy winds, however, are dways a problem for any kind of tree crop if the winds follow long
periods of heavy rainsor flooding. Wet soil reduces the ability of the root system to anchor the tree,
and high winds in such stuations are more readily able to cause toppling. Trees infected with root rot
diseases (which are a'so commonly associated with wet conditions) are dso more susceptible to
toppling in heavy winds. Strong winds are more likdly to cause limb damage when the trees are in leaf
and the nuts are near maturity than when they are bare. If high winds result in Sgnificant limb loss, nut
production can be affected for severa years and, in some cases, the trees may need to be removed.

Excessive Heat and Drought

Most nut trees can withstand periods of prolonged hest or drought without incurring long-term
effects, unless they have aready been stressed by diseases or insects. Pecan trees, for example, have
long taproots that can reach water supplies deep in the soil, and they can withstand droughts fairly
eadly. In Cdiforniaand Oregon, most nut tree producers irrigate their orchards, mitigeting the effects
of excessve heat and drought.
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|ce Storms

|ce storms can be a problem for pecan growers in the northern parts of Alabama, Georgia, and
Mississppi. Ice canform on tree limbs, making them heavy and easly causing breskage. If enough
limbs fal, damage to the canopy can cause the tree to become economicdly inviable. Ice sormsrarely
kill pecan trees, but cause damage rendering them unproductive and requiring tree removal. 1ce sorms
have occurred in the northern parts of these three states that have caused very severe damage, requiring
the remova of entire orchards. 1ce storms are not a problem in Cdifornia or the Pacific Northwest
production areas because of milder weether. Hail storms, however, may damage fruit, pitting them and
making them unmarketable, but do little damage to the trees.

Frost and Freezing

Frosts or freezing temperatures occurring directly after warm weether can damage buds that
may have begun to emerge on the trees. Frost damage can have aripple affect, reducing the tree’s
productivity for severa years, especidly if the frost occurs during the “on-bearing” yeer.

In addition, freezing temperatures can be a particular problem for young nut trees. If freezing
temperatures occur before a tree has had time to acclimate to the cold, tissues can freeze. Thistype of
damage mainly occurs to the lower trunk, which isthe fina portion of the tree to become acclimated to
the cold. In extreme cases, nut trees may die from such injury. For some nut trees, the effects of
freezing temperatures can be controlled by good cultura practices and by using rootstock that is cold
hardy in areas where freezing temperatures can be a problem.

Lightning

Lightning tends to Strike taller trees more often than those that are reatively shorter, and its
effects are sporadic. Across an entire orchard, only one tree may be struck, or many trees may be
damaged. For agiven tree, the extent of the damage depends on how the treeis hit. Damage can be
minimal and the tree may grow back, or the tree may be destroyed. In some cases, lightning damage
may effectively destroy the canopy of the tree, and athough the tree can functiondly survive, it may be
rendered unproductive.

Diseases

Various fungad and bacteria diseases affect nut trees, and generdly cause grester damage to the
nut crop than to the tree itsalf. There are afew diseases, however, that can destroy the tree or reduce
its productivity to the extent that it is necessary to removethetree. In most of these cases, it is
unadvisable to replant nut trees on that acreage. Many diseases can be controlled with chemica sprays
or fumigation. In some cases, however, the chemica mos effective in controlling the disease is methyl
bromide, the availability and use of which is uncertain over the next severd years.
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Insects and Animal Pests

Insects are most damaging to nut treesin thair larvd form, a which time they burrow into the
wood or roots of thetree. Insects can dso damage trees by defoliaing limbs. Infestations are usudly
more damaging to young trees than to those that are more well established. Most insects can be
controlled with insecticides. Animas aso cause the most harm to young trees, and reduce the ability of
the tree to thrive by chewing the bark from the trees.

Almonds

The entire commercia dmond crop in the United Statesis grown in Cdifornia, with most of the
gate' s production concentrated in the San Joaquin and Sacramento valeys. Almonds are Cdifornia's
largest tree nut crop, as measured both by acreage and totd dollar value. 1n 1995, Cdifornia growers
had 400,000 bearing acresin amond trees. Shelled dmonds provided the state' s second highest
revenue among fruit and tree nut crops after grapes, with a value of $888 million dollars. In 1995,
amonds ranked fourth in vaue among Cdifornid s top export products.

Almond Tree Characteristics

The dmond belongs to the same plant family as the peach, plum, nectarine, apricot, and cherry.
It is native to western Asiaand is adapted to the warmer areas of Cdifornia. Almond trees are
deciduous, and require a period of dormancy between bearing cycles. They have atendency toward
aternate-bearing. Because they do not reproduce true from seed, dmonds are propagated through
grafting to maintain the desirable characterigtics of the tree and the nuit.

The bearing cycle of the dmond tree follows atypica seasond pattern. Inthefal, buds begin
to develop. A chilling period is required in November and December, followed by warmer weether in
January and February. The dormant buds begin to grow rapidly in January, producing blossomsin
early February through March (www.almond.org). The exact time of blossoming depends on the
variety, the amount of winter chill, the exposure to warm temperatures in spring before the bloom, and
the threshold temperature at which the buds grow. Almond trees are less hardy and require fewer
chilling hours during the winter months than various other bearing trees, including the peach.

Because dmond trees are not self-pallinating, at least two different varieties are necessary in a
productive orchard. Varieties are typicaly planted in dternating rows, and bees are typicaly used to
adin pollination. For optima bee activity, orchards should be frost-free when the trees bloom, and
ranfal should be minima (www.amond.org). Because the blooming period for many varieties occurs
farly early in the spring, they tend to be more subject to disease problems and poor pollination than if
blooming were later in the soring. In addition, temperatures are critical during the budding stage.
Chilling isimportant, and winters that are too warm can delay bud opening and may reduce yields.

After the flower petals drop in the spring and the tree begins to produce leaves, the first signs of
the fruit gppear. The hull of the nut hardens and matures as the months pass, and in duly, the hull begins
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to split open. The split continues to widen through late October, exposing the shell and dlowing the
kernel to dry. The nut and stem separate, and shortly before harvest, the hull opens completely
(www.admond.org.). Six to eight months are required from full bloom until nut maturity.

Varieties

The mgor varigties of dmond trees planted in Cdiforniainclude "Nonpareil,” "Carmel,"
"Misson" (Texas), "Merced,” "Ne Plus Ultra," "Price," "Peerless” "Butte," "Monterey," "Ruby,”
"Sonora," "Padre,” and "Fritz" (Micke). "Nonpareil” isthe most popular variety, accounting for 49
percent of Cdifornia samond acreage in 1997. In terms of value of production, "Nonpareil”
accounted for 47 percent of total receiptsin 1997; "Carmd,” for 20 percent; "Mission,” for 5 percent;
"Price," for 5 percent; "Buite," for 5 percent; and "Ne Plus Ultra," for 2 percent (Almond Board of
Cdifornia).

While"Carmd" ranks second in popularity, its susceptibility to noninfectious bud failure may
reduce future plantings. "Misson,” "Peerless” and "Ne Plus Ultra" are aso planted less frequently than
inthe past. Because of noninfectious bud failure, thereis now little new planting of "Merced,” "Harvey,"
"Jordanolo,” and "Y osemite” Difficulty in nut harvesting has reduced the popularity of "Merced,”
"Thompson,” "Drake" "Le Grand," "Davey," and "Milow." Other factors have limited planting of the
following varieties "IXL," "Hasham,” "Jeffries,” "Sauret #1," " Sauret #2," "Kaparall," "Milow,"
"Carrion,” "Solano," and "Norman." Newer varieties being planted include "Mono," "Tokyo,"
"Livinggton,” "Aldrich,” "Woods," "Colony," and "Rosetta."

Varieties should be sdlected according to avariety of factors, including: time of bloom, pollen
compatibility, time of maturity, ease of nut removad, yidd, pest resstance, marketability of the nut, and
nut quaity. Most amond varieties are not salf-pollinating and require compatible bloom varietiesin
order to pollinate. The closer the timing of bloom across varieties, the better the opportunity for cross-
pollination and crop set. When the trees bloom at the same time, there is better overlap of flower
receptivity and bees tend to fly between the trees at a smilar stage of bloom. Treesin an orchard dso
need to be chosen based on the timing of nut maturity and removad. Marketahility is aso important
because it isimportant not to mix different varieties of nuts a harvesting time.  Further, some varieties
tend to be more susceptible to insects, including the navel orangeworm and the peach twig borer, which
cause wormy kernds (Table 3) or noninfectious bud failure, a genetic disorder (Table 4) (Micke).

Table 3--Industry Rejection of Kernels by Tree Variety in the 1980's

Less than 2 percent 2 to 4 percent Over 4 percent
Butte Fritz Harvey
Carme Monterey LeGrand
Mission Ne Plus Ultra Merced
Peerless Nonpareil Thompson
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Price Ruby

Source. Micke, Warren. Technicd Editor. Almond Production Manual. University of Cdifornia
Divison of Agriculture and Natural Resources, Pub. 3364.
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Table 4--Varieties Affected by Noninfectious Bud Failure and Severity When Present

Reative Severity when Present

Vaiety Rdative Prevaence

Jordanolo high high
Merced high high

Y osamite high high
Harvey moderate to high moderate to high
Came moderate to high moderate to high

Nonpareil moderate moderate
Peerless low moderate to high

Price low moderate

Carrion low moderate

Sauret # 1 low moderate

Thompson low high
Misson low high
Norman low unknown*

*|nsufficient data to rate.

Note: Instances have not been observed in Butte, Padre, Sonora, Ne Plus Ultra, Fritz, Monterey,

Mono, and Tokyo to rate.

Source: Micke, Warren. Technical Editor. Almond Production Manual. Universty of Cdifornia
Division of Agriculture and Natural Resources. Pub. 3364.

Rootstocks

The most popular rootstocks use peach or peach-almond varieties (Sibbett; Almond Board of
Cdifornia). Thereisno one best dmond rootstock that consistently produces the highest yield.
Currently, the most commonly used include "Nemaguard" (peach), "Nemared” (peach), "Lovdl"
(peach), "Marianna 2624" (plum), various peach-dmond hybrids, and dmond itsdf (often "Mission’).

Rootstock can be elther grown from seedlings or vegetatively propagated. When "Lovell,"
"Nemaguard,” "Nemared,” and aimond are used, the rootstocks are seedlings. With propagated
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rootstock, such as"Marianna 2624" and "Hansen" hybrids, source trees are maintained and cuttings are
taken from them to produce the rootstock. Peach-rooted trees bear earlier than amond-rooted trees,
but they are shorter-lived (Micke).

"Nemaguard" is the most popular rootstock for amond, and is used most frequently in the San
Joaquin Valey. It was bred to be resstant to root knot nematodes. It is propagated from seed and
develops avigorous root system of moderate depth. "Nemaguard” is compatible with al dmond
varieties. It issomewhat tolerant of heavy soils and excess water, but is affected by crown gdl, oak-
root fungus, and crown rot. "Lovell" isthe second most popular rootstock for admonds, and is
preferred by growersin the Sacramento Valey. This area has alower incidence of root knot
nematode, heavier soils, and higher rainfal than the San Joaquin Vdley, making the "Lovdl" variety a
better choice. "Lovdl" is susceptible to nematodes, oak-root fungus, crown rot, and crown gall.

Almond seedlings used for dmond production are rarely planted in Cdiforniatoday, except in
areas without irrigation. The dmond rootstock provides more drought tolerance than peach or plum
stock, and produces large, long-lived, deep-rooted trees requiring deep, well-drained soils. In deep
soil, dmond stock can withstand water stress at harvest-time better than other rootstocks. Almond is
considered to be the most sengitive of dl the rootstocks to wet soil conditions, and isthe most tolerant
of high lime and boron content in the soil. Almond is affected by nematodes, crown rot, crown gall,
and oak-root fungus.

"Marianna 2624" is noted for its vigor and ease of propagation from hardwood cuttings. Itis
most valued for its ahility to tolerate heavy, wet soils and soils infested with oak-root fungus. While not
immune to the fungus, it can be successfully planted where the fungus is present.

Dueto itsvigor, this rootstock alows amonds to be planted under poorer conditions than other
rootstock. It does not, however, perform well in heavy clay soils or those subject to prolonged wet
conditions. "Marianna 2624" is resstant to root knot nematodes and is moderately resistant to crown
gdl. Itisplanted mostly in northern Cdifornia, especidly near the Sacramento River.  Trees grown on
"Marianna 2624" are sgnificantly smaler than those grown on dmond rootstock. When planted 10
percent closer than the spacing used for peach rootstock, yields are compatible. The mgor drawback
of "Marianna 2624" isthat it is not compatible with the "Nonparell” variety of dmond tree, the most
popular variety. Only "Nonparel" planted on "Marianna 2624" rootstock with an interstock such as
"Havens 2B" plum will survive. "Marianna 2624 is aso susceptible to bacterid canker (Micke).

Propagation and Planting

Almond trees are planted in the field at one year of age. The rootstock is budded onto the
selected variety in June, and the young tree grows throughout the season. The trees are then sold to
growers for commercid production at the end of the year, with planting in fields occurring in the
following June through March (Sibbett). Almond trees begin bearing an economic crop in the fourth
year after planting, becoming fully mature in about seven years (Asa, Hendricks, Klonsky, and
Livingston).

Tree gpacing depends on the vigor of the variety and rootstock, the location of the planting, soil
fertility, the equipment used in the orchard, vegetation management, and irrigation method. Wider
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gpacing is recommended for vigorous types of variety/rootstock combinations, and in fertile soils where
trees tend to grow larger. Wider spacing is adso recommended where cross-cultivation is used for
irrigation preparation and vegetation management. Tree spacings of 24 by 24 feet are common in the
San Joaquin Valey. Spacings of 22 by 22 feet or 22 by 20 feet are sufficient for a mature orchard on
shdlow, lessfertile soil. On the most fertile loam soils, trees need to be spaced wider, as even 26 and
28 feet spacings may be crowded. Wide spacing permits trees to Spread to their ultimate size without
crowding, dlowing for eeser pruning in mature orchards, and aiding tree vigor into old age. Because
nut production is determined by the number of trees planted per acre, many growers opt for about 24
foot gpacingsin deep, fertile soil, and 20 to 22 foot spacingsin less fertile soils (Micke).

Traditiondly, plantings consisted of two rows of "Nonpareil,” then arow of a pallinator variety.
However, when weather conditions are unfavorable and varieties do not have adequate bloom overlap,
this arrangement can result in reduced set and yield. Today, the common arrangement is of asingle row
of avariety, maximizing exposure to a pollinator to maximize yields (Micke).

Cultivation and M anagement Practices’

Almond tree rootstock are planted in heavy soils such asloams and clay loams, aswell as
sandy soils. Soils require Site preparation to reduce the hardpan to a depth of at least 5 or 6 feet to
dlow for root formation. Sandy soils often have higher nematode populations, and may have Stratified
layers or hardpans. Backhoeing and fumigation helps reduce root lesion and ring nematodes. Present
rootstock are only tolerant to root knot nematodes (Micke).

Soil texture and drainage are important cons derations when selecting rootstock varieties.
Peach rootstocks tolerate poorly drained soils better than almond (seldom used today) and peach-
amond hybrids. "Marianna2624" plum is more tolerant of wet conditions (Micke).

Harvesting

Almond trees are harvested mechanically. Mechanicd tree shakers knock the unshelled nuts to
the ground, where they are allowed to dry before they are swept into rows and picked up by machine.
After the shelled nuts are picked up, they are transported to carts and transported for hulling (Almond
Board of Cdifornia).

Trees generdly are not shaken until they are in their fourth growing season. Before that time,
the shaking machines could damage the trees. Trees need to be properly trained from planting
throughout the early nonbearing yearsto prevent tree injury from shakers. The tree should be trained to
keep avertical trunk, and to alow for quick placement of shaker clamps (Micke). Damageto the tree
increasesiif the operator has to adjust clamps for tight spots or trunks that lean. Low hanging branches
that hide the trunk aso need to be removed to increase vishility and reduce potentid damage to the
trunk from the shakers. Suckers also need to be removed. If asucker or low branch gets caught in

2 For cost of production budgets, see the appendix.
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the shaker, it may cause bruisng and bark tearing (Micke).

Harvesting should take place about two weeks after the find pre-harvest irrigation to minimize
bark damage from trunk shaking. The time between irrigation and harvesting can be reduced if using
low-volumeirrigation. As soil moisture is depleted, bark tightens and is less likely to be damaged from
the shaker. Also, as the season advances, the bark adheres more tightly to the trunk. When harvesting
early in the season, growers must be especialy careful to avoid bark damage (Micke).

Shakers can cause both direct and indirect damage to atree. Direct damage can cause torn,
stripped, or compressed bark. Severe trunk damage can cause root dieback. Minor damage may
cause caluses around the wound, with the tree hedling eventually. Indirect damage occurs when
disease organisms, such asfungi or bacteria diseases, enter the tree through wounds caused by the
shaker.

Production Perils

Mogt naturd perils affecting dmond trees, including diseases and insects, can generdly be
controlled ether through the gpplication of pesticides or other management practices.  Some perils,
however, are quite serious. Very hot summers and flooding, for example, can kill atree or causeit to
become unproductive in future years.

Bud Failure

Very hot summers, especidly in Augus, tend to promote “ noninfectious bud falure’ (“crazy
top”), agenetic disorder affecting dmond trees. The “Nonparell” and “Carmd” varigtiesare
moderately to highly susceptible. Bud failureis not caused by avirus, nor isit contagious. When bud
falure occurs, tree buds do not mature in the following year. Bud failure does not kill the tree, but
rendersit unproductive. The only way to reduce the risk of bud failureisto plant less susceptible
varieties (Sbbett; Freeman).

Hooding

Hooding can be a problem to dmond trees. Highly saturated soils may result in the degth of the
tree, or promote the development of funga diseases. In addition, amond trees are often shallow-
rooted, and the combination of flooding and heavy winds can result in toppling. Almond trees are
especidly susceptible to toppling if they are fully leafed (Sibbett).

Diseases and Insects

Severa diseases can affect dmond trees, athough few arefatal by themselves unlessthey are
combined with stressful weather conditions. The most common diseases affecting dmond trees include
bacteria canker, crown gal, Armillariaroot rot, leaf blight, Phytophthora root and crown rot, scab, and
shothole. Insects and nematodes also damage almond trees, but can usudly be controlled.

18



Discases

Bacterid Canker (Pseudomonas syringae)--This disease survives on plant surfaces, and is spread by
gplashing rain. Bacterid canker tends to occur in the spring, and is favored by excess moisture and low
temperatures. When present, it tends to affect low and/or sandy spotsin the orchard to the greatest
extent.

The symptoms of bacterid canker include limb dieback, accompanied by rough cankers and an
amber-colored gumlike substance. Leaf spot and blast may aso affect the young flowers and shoots.
Although the sour sap phase of bacteria canker may not produce gum and cankers, the inner bark is
brown, fermented, and sour smelling. Fecks and pockets of bacteria invason may aso gppear on the
bark outsde the canker margins. When the disease is present, dmond trees frequently producer
suckers.

Vigorous trees are less susceptible to bacteria canker than those that are in a weakened Sate.
Y oung trees, generdly ranging from 2 to 8 years of age, are most commonly affected. The disease
rarely occursin the first year of planting, and is uncommon in nurseries. To discourage secondary
invasion by wood rot organisms, infected trees should be pruned to remove cankered or dead scaffold
limbs (UC Pest Management Guiddines).

Crown Gdl (Agrobacterium tumefaciens)--Crown gdl is abacteriathat survivesin gal tissueand in
the soil. It entersthe tree only through wounds, causing rough, abnorma gals on the roots or the trunk.
The gdls are soft and spongy, and the decay appearsin the centers of old gdls. Y oung trees become
stunted, and older trees often develop secondary wood rots. Crown gall is most damaging to young
trees, and can appear ether in nurseries or new orchard plantings. Peach-amond hybrid rootstocks
are more susceptible to crown gall than amonds that use a"Nemaguard” peach rootstock. To prevent
crown gall, trees should be purchased from reputable nurseries and handled carefully to avoid injury,
both during planting and in the orchard. A preplant chemical trestment can be used to reduce the
likelihood of infection (UC Pest Management Guiddines).

Armillariaroot rot (Armillaria mellea)--Armillariaroot rot infects tree roots, producing awhite or
yellowish fan-shagped mycelial mat between the bark and the wood in the roots. Dark brown or black
rhizomorphs at times can be seen on root surfaces. All stonefruit rootstocks are susceptible to
Armillariaroot rot. “Marianna 2624,” a plum rootstock, has some tolerance and may be used in some
gtuations. The Armillariafungus can, however, survive on dead roots.

Before afied can be treated, infected trees, sumps, and large roots (grester than 1 inchin
diameter) must be removed. Hedlthy-appearing trees adjacent to those exhibiting symptoms are often
infected, and extension specidists advise remova of these trees and fumigation of the soil. Infected tree
materia should be burned a the site or in areas where the remains cannot be washed to agricultura
lands.

Complete eradication of this disease israrely achieved, and retreatment may be necessary in
localized aress. If the soil iswet, or if it has extensve layers of clay to the depths reached by the roots,
fumigant trestment may not be successful. The greatest opportunity for eradication occurs on shdlow
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snilslessthan 5 feet degp. Methyl bromide has been used for treestment from late summer to early fall
(UC Pest Management Guiddines).

Ledf Blight (Seimatosporium lichenicola)--Lesf blight is afungus that survives on dead petioles. The
fungal spores are spread by rain, and the disease favors wet spring weether. When present, leaf blight
causes the leaves at the base of the shoots to wither and die in early summer. The dead areas then
spread to the base of the petioles. The disease rarely destroys more than 20 percent of the leavesin a
season. Repested early leaf death, however, causes weakened trees, and may result in yield losses.
Losses are not usudly severe or widespread. Fungicides can be used to help control leaf blight (UC
Pest Management Guiddines).

Phytophthora Root and Crown Rot (Phytophthora spp.)--This disease is favored when the soil is
saturated for periods of 24 hours or more, which is common with flood irrigation in Cdifornia. Good
soil drainage and frequent (but shorter) irrigations reduce the risk of infection. Rootstocks vary in
susceptibility to the different Phytophthora species, but none are resistant to dl species. Therefore, the
success of arootstock may depend in part on the species of Phytophthora present in the orchard. Plum
rootstocks, especialy “Marianna 2624,” tend to be more resistant than peach or apricot rootstocks to
Phytophthora.

The symptoms appearing when Phytophthora is present depend upon the extent of root or
crown tissue infection. Usudly, phytophthora rots advance rapidly and the trees die soon after the first
warm spring weather. The leaves of infected treeswilt, dry, and remain attached to the tree. Some
phytophthora root infections, however, cause dow growth and early senescence and leaf drop. These
trees may be unproductive for severd years before finaly succumbing to the disease. Phytophthora
infections typicaly kill young trees because their root systems and crown areas are smal when
compared to mature trees.

Proper water management is the most important aspect in controlling root and crown rot.
Water should not be alowed to accumulate or stand around the crowns of the trees. In addition,
adequate drainage must be provided in low spotsin orchards, in areas that flood frequently, and in
areas where water penetration is extremely poor. Trees that are replanted where phytophthorais
present should be planted as shalowly as possible on smal mounds, or on broad ridges (8 to 10 inches
high), with the upper roots near the soil level. Planting depth should be no deeper than in the nursery,
and the graft union should be well above the sail line (UC Pest Management Guiddines).

Scab (Cladosporium car pophilum)--Scab is a fungus that survives intwig lesions. The spores are
gpread by wind and rain. Prolonged wet spring weether, prevaent in the Sacramento Valey, provides
favorable conditions for scab growth. Scab appears as grayish-black, soft-looking spots on leaves,
fruit, and twigs. Young lesons are indigtinct smdl, yellow specks, which can be seen most easily when
the leaves are held up to the light. The lesions are not visble until late spring or early summer. Severe
scab infections cause early defoliation. If left uncontrolled for severd years, infected trees become
weakened. The disease often occurs in sprinkler-irrigated orchards where water fals upon the foliage.
Scab can be treated with fungicides (UC Pest Management Guiddines).
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Shothole (Wilsonomyces car pophilus)--Shothole is a fungus that survives on infected twigs and as
spores on hedlthy buds. The spores are moved by water to new stes. Asaresult, lengthy periods of
wetness, ether caused by rainfal or sprinkler irrigation, promote development of the disease. Shothole
causes spots to appear on the leaves, fruit, twigs, and flowers. Hower and twig lesions, however, tend
to berelatively scarce or difficult to find. Leaf lesons begin astiny, red specks that enlarge into spots
that have tan centers and purplish margins. The fruiting structure of the spore appears asasmadl, dark
gpeck in the center of the spot. Spots on young leaves usudly fal out, leaving a“shothole’ effect.
Older leavesretain their lesons. The spots on the fruits are smal with purplish margins, are dightly
corky and raised, and are found on the upper surfaces of the fruit. Heavy infestations may cause
digtortion or gumming on the fruit. Shothole can cause lossesin yield, defoliation, and weskened trees.
Fungicides can be used as a protectant againg the disease, but they will not eradicate the fungus.
Fungicides should be applied to foliage and fruit before awet period in order to protect the tree (UC
Pest Management Guiddines).

| nsects

San Jose Scale (Quadraspidiotus perniciosus)--When thisinsect is present, the egg stage is not
visble. Rather, the scales arefird present, emerging as nymphs. The crawlers are bright yellow and
tiny (about the size of the sharp end of apin), with well developed eyes, antennage, and legs. After
locating afeeding Site, the crawler begins feeding; losesits antennag, legs, and eyes, and becomes
immobile. It secretes awaxy substance that coversitsbody. Initidly, the waxy covering iswhite (white
cap), but then turns darker (black cap). Maes have a more elongated covering than the females,
molting four times, while femaes have arounder covering and molt twice. The mae emergesasa
winged adult and the female remainswingless. Three to four generations of scales can breed per
Season, averaging about 7 to 8 weeks per generation.

Scales suck plant juices from twigs and limbs, and inject atoxin, resulting in loss of tree vigor,
growth, and productivity, and possible death of limbs. A red hao is produced around a feeding Ste on
1-year-old wood. Untreated infestations can kill fruit and scaffold wood within 1 to 3 years. Scale can
be controlled with the proper use of insecticides or dormant oil sprays (UC Pest Management
Guiddlines).

Tenlined June Beetle (Polyphylla decemlineata)--The larvae of this beetle feed on tree roots, and can
cause severe injury and death to mature dmond trees. Adults cause no damage. The larvee are
cream-colored grubs with abrown head capsule. They live in the soil and are about oneinch long a
maturity. One generation appears every 2 years, with the adults emerging from the soil between late
June and August. Currently, no registered pesticides can be used to control this pest after the trees are
planted. Control requires the remova of infested trees and soil fumigation with methyl bromide or
chloropicrin before replanting. All infested trees, plus one or two uninfested trees on dl sides of the
infested trees, should be removed to diminate the beetle (UC Pest Management Guidelines).

Tree Borers (the Prune limb borer: Bondia comonana and the American plum borer: Euzophera
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semifuneralis)--Tree borers are sporadic pests that can infest young amond orchards. They are
present from Tehamato Merced counties and can affect dl mgor dmond cultivars. The“Carmd” and
“Pricg’ varieties are most susceptible. The borers have grey forewings with brown and black marks,
and awingspan of about 0.75 inch. They overwinter in cocoons within the tree, and adult moths
emergein April and May. The mature larvae are about 1 inch long, and have a dull white or pinkish
body. Thefemaeslay eggs near pruning wounds, in the scaffold crotches of young trees, near graft
unions, or on crown gdls.

The larvae of this pest bore into the trees, leaving reddish-orange debris and gum pockets. The
boring is most damaging to the scaffold crotches or graft unions of young trees. Vigorous trees can hedl
over borer damage. When heavy, prolonged infestations occur, however, scaffold branches may
break in the presence of high winds or aheavy crop. The damage is most severe on the* Carme” and
“Sonora’ varieties. Pesticide spraying is used to help control tree borers (UC Pest Management
Guiddines).

Western Tent Caterpillar (Malacosoma califor nicum)--These caterpillars overwinter in the egg stage,
hatching in the spring and early summer. They are hairy and dull yellow-brown with rows of blue and
orange spots on the tops of their bodies. One generation of caterpillars appears each year. Tent
caterpillars can cause serious damage to individua trees and along orchard edges, but their effects are
usudly scattered randomly throughout the orchard. Y oung orchards are usudly the most severely
affected.

In April and June, tent caterpillars build large, slken tents over the leaves on which they are
feeding. Because they do not eat the leaf veins, damaged leaves are skeletonized. Other types of
caterpillars can cause smilar damage, but do not produce the silken webbing. To contral for tent
caterpillars, infested twigs of small trees should be removed and destroyed. Spraying for other insects
often reduces caterpillar populaions. Usudly, locdized trestment on infested treesis sufficient (UC
Pest Management Guiddines).

Nematodes

Nematodes affecting dmond treesinclude: root knot (Meloidogyne spp.), root lesion
(Pratylenchus vulnus), ring (Criconemella xenoplax), and dagger (Xiphinema americanum)
nematodes. The rootstocks used in grafting amonds differ in their response to various plant-parasitic
nematodes. “Nemaguard”’ peach rootstock, dmond-"Nemaguard” hybrids, and “Marianna 2624, dl
of which are resstant or immune to most common and injurious root knot nematodes, are susceptible to
ring and root leson nematodes. Other peach rootstocks (such as“S-37”) offer resstance to some
types of root knot species, but not others. Almond rootstock is susceptible to root knot, root lesion,
and ring nematodes.

The use of rootstocks resistant to certain types of nematodes may be limited by soil and
horticulturd congderaions. Before planting, soils should be sampled for nematodes, especidly if the
area previoudy was planted to an orchard or vineyard. If any of the nematodes that affect dmonds are
present, preplanting fumigation is necessary (UC Pest Management Guiddines).
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Animds

Animas such as gophers and voles can cause severe damage to young almond trees, and may
result in plant death.  Animals can chew the bark from young trees, damaging them to the extent that
they are unable to thrive (Freeman).

Hazeanuts

U.S. hazelnut planted areatotaled 32,674 acresin 1992, with nearly 99 percent of the total
located in Oregon (Census of Agriculture). Washington reported 387 acres, while dl other states
combined reported 34 acres. Oregon’s Willamette Vdley is uniquely suited for hazelnut production
because of the climate-moderating effects of the nearby Pacific ocean. Extreme winter cold or extreme
summer heat reduces hazelnut yields, and production is commercidly unprofitable in many other
traditiona nut-producing aress of the country.

Hazelnut Tree Characteristics

The hazelnut plant grows naturaly as a bush or a multi-trunked, shrubby tree. In Turkey and
other countriesin southern Europe, hazelnuts have been grown in this manner for centuries (Baron, et
a.). In Oregon, however, hazenuts usudly are trained to grow as single-trunked trees, and may attain
aheight of 30 feet with proper management and good soil.

Whilethe tree itsdlf is quite hardy, it requires ardatively moderate climate for successful nut
production. Extremely low temperatures kill the pollen-producing catkins (the mae flowers), reducing
or preventing pollination. Catkins freeze at about 15°F, while the female flower buds are destroyed at
about 10°F. Extreme summer heet aso is detrimentd to hazelnut trees. The leaves dry up during hat,
dry days, which stresses the tree and reduces nut production.

Hazelnut trees may produce nuts during their second or third year, but require about Six years
before producing commercid-sized yields. Mature orchards may produce up to aton-and-a-hdf of
dry nuts per acre. A well-managed orchard generally averages a least 1,500 pounds of dry nuts
annudly, and remains productive for at least 40 years. The average U.S. hazelnut yield can vary widdy
from year to year, but has been trending upward.

Hazelnut flowers form more than ayear before harvest. In atypica season, the pollen-
producing catkins begin to form in April or May, and mature in December or January. The femde
flowers, in contrast, begin to form in late summer, and are first seen only in November or early
December. The peak pallination period occurs during January and February, when the femae flower
clusters appear as bright red tufts of feathery stigmas that peak from beneath bud scales.

At the time of pallination, the femae flower has not yet produced the egg cells from which the
young nuts will grow. Rather, the femde flowers Sore the captured sperm until a mature ovary
containing an egg cell develop. Only then, during May or June, does fertilization occur. Thus, a period
of 4-5 months |apses between pollination and fertilization of the egg cdlls. In contradt, fertilization in
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mogt plants follows pollination by afew hours or afew days.
Varieties

Hazelnuts are sdf-incompatible, which means that the pollen from a given variety will not
fertilize the femae flowers of the same variety. Certain combinations of varieties dso are cross-
incompatible, meaning that the pollen from one variety isineffective in setting nuts on the other.
Consequently, competible pollinating trees must be planted among the principa variety to assure good
nut set. Six or seven trees per acre of acompatible pollinating variety, evenly distributed throughout the
orchard, usudly provide adequate pollination (Baron).

“Barcelond’ isthe primary variety planted in Oregon, and accounted for over 77 percent of
tota hazelnut plantingsin 1993 (Oregon Agriculturd Statistics Service). It isadow-growing tree that
produces large, high-qudity nuts good for the in-shell market. “Barcdona’ is susceptible to anut
disorder cdled brown stain, but is reportedly somewhat tolerant to a devastating fungal disease known
as eastern filbert blight (EFB) (Pinkerton). A number of the newer orchards are being planted with
other varieties.

“Ennis’ has become the second most-popular hazelnut variety, accounting for nearly 11 percent
of tree plantingsin 1993. Like“Barcdona” “Ennis’ produces large hazelnuts and is grown as a nut
producer rather than asa pollinator. This variety is moderately susceptible to EFB.

The third most widdy-grown hazelnut variety in 1993 was “Daviang,” accounting for lessthan 5
percent of total plantings. “Daviand’ is an excdlent pollinator for “Barcelona’” and has been grown
primarily for that purpose. It produces less desirable nuts than the other varieties, and is highly
susceptible to EFB and to an insect caled “big bud mites.”

The remaining varieties account for asmall share of hazenut plantings. “Cadna,” whichisa
relaively new variety in Oregon, accounted for about 3 percent of tree plantingsin 1993. It isgrown
asanut producer and, like“Barceona,” is consgdered to be moderately tolerant of EFB. “Duchilly,”
“Butler,” and “Royd” collectively accounted for less than 3 percent of tree plantings. “Duchilly”
produces long, large, good-qudity nuts, but they are dow to drop and difficult to husk. “Royd”
produces large, early-maturing nuts and is typicaly pollinated by “Daviana” “Butler” ismore
productive than “Daviand’ and is recommended as a pollinator for “Barcelona’ (Baron).

Propagation and Planting

Hazelnuts are propagated by layerage, which meansthat the plant is rooted whileit is il
attached to the parent plant. Suckers from an orchard tree or sems from a“mother” plant in a stool
bed are bent into an S-shape so that one bend is under ground while the tip end of the sem remains
above ground. Roots develop on the underground portion of the* S’ and form the new tree. Recently,
hazelnuts have dso been grafted, which involves grafting desirable varieties onto nonsuckering
rootstocks.

Hazelnut trees are planted in early winter. The earlier in the season thet atree is planted, the
more its roots develop before it develops leaves in the spring. The roots of newly-planted trees grow
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even during January and February, aslong as soil temperatures are at 40°F or above. Young trees
with well-developed root systems grow more vigoroudy than ones with fewer roots, and they are better
able to survive drought stress during their firdt years.

The trunks of young hazelnut trees are easily sunburned, especidly near the surface of the soil.
Sunburn (also known as sun scad) deforms the young trees and opens wounds into which bacteria
blight infections can enter. Painting newly-planted trees with a dilute solution of white paint or
surrounding them with tree protectors provides protection against sunburn.

Growers may intercrop newly-planted hazelnuts for the first few years. When trees are inter-
cropped, another crop (such as strawberries or beans) is planted between the rows of trees. When the
land isirrigated, inter-cropping can reportedly promote growth of new trees (Baron).

Cultivation and Management Practices®

Soil Reguirements

Soil qudlity isone of the most important factorsin choosing an orchard site for hazelnutsin
western Oregon. Good hazelnut land is deep (8-10 feet or more), well drained, and neither extremely
clayey nor extremely sandy. Deep soils are better able to provide alarge supply of water and
adequate plant nutrients during dry seasons than are shalower soils. Hazelnuts trees that are planted on
shallow soils may grow well for severd years. After 8 to 10 years, however, the orchard may become
apoor producer because soil depths restrict the devel opment of deep roots that are needed by larger
trees (Baron).

Climate

Theided dimate for hazelnuts is one with rdaively long, mild winters. Mild wintersare a
necessity because hazelnut catkins die at temperatures below 15° F. Asaresult, production is not
feasble in areas where winter temperatures drop below this criticd level.

Good air drainage is dso afactor in locating orchards, due to the damage that late spring frosts
can cause to flower clusters and succulent green shoots. Trees planted on doping land with good air
drainage are less likely to be damaged by such late spring frosts than are those planted in low-lying
aress. Cold air tendsto flow from doping land into surrounding low-lying areas, where it accumulates
and forms “frost pockets.” Asarule, such frost damage to hazelnutsis unusud in Oregon
(Mehlenbacher, 1997a).

Although varying by cultivar, hazenuts have afarly high winter “chilling requirement,” which
precludes production in subtropica areas of the country. The chilling requirement is the minimum
number of accumulated hours with temperatures between freezing and 45° F which the plant needs
before the leaf buds break in the spring (Mehlenbacher, 1990). Hazelnut flower buds aso have

3 For cost of production budgets, see the appendix.

25



minimum chilling requirements, but they tend to be shorter than for leaf buds.
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Traning

Y oung hazelnut trees must be trained to develop a strong system of mgor scaffold limbs.
Training begins a planting when the young tree is cut back to a height of 30-36 inches. Then, during
the first two to three years of growth, all except 3 to 5 of the sSide shoots are removed. These shoots
become the tree' s scaffolding on which fruiting wood develops. Also, dl sucker growth is removed to
force the plant to grow as a sngle-trunked tree rather than following its natura tendency to develop as
amulti-semmed shrub.

Orchard Hoor Management

Hazelnut growers commonly use a combination of herbicide orays and mechanicd flailing to
mantain most orchard floors. Typicdly, herbicides are used to kill vegetative growth within the tree
rows, while flailing is used to control the ground cover between the rows. In addition to cutting weeds
and grass down to ground levd, flailing helps chop up leaves and smdl twigsin the soring, aswell as
blank nuts that have dropped to the ground before harvest in thefdl. Hailing may begin as early as
March, and is usudly required four to Six times per season. Growers may a <o flail the orchard floor
following harvest to mulch leaves and diminate any remaining old crop nuts which can attract rodents.

Irrigation

Most hazelnut trees rely on natura rainfal for water, and less than 10 percent of Oregon’s
orchards areirrigated. Orchardsthat areirrigated are usualy those on sandy soils or plantings of young
trees (Jossy). Although most hazelnut roots are located in the first two feet of soil, active root systems
can penetrate to depths of 8-10 feet in deegp soils. The cost of irrigation relaive to its benefitsis an
important consideration for growers. Shalow soils are often poorly drained, and irrigation does not
necessaxrily improve the suitability of such soilsfor hazelnuts. The greatest benefit of irrigation isin
establishing a young orchard, where it promotes the rapid development of large trees (Baron).

Pruning

Hazelnuts are produced on new wood, and it isimportant that trees produce an abundant
amount of new growth. Vigorous pruning promotes the growth of these new shoots. An added benefit
of proper pruning isthat it reduces limb breakage from ice and snow. One guideine for pruning isto
remove one-hdf of the fruiting area from one-fifth of the trees annudly, while leaving aslarge a
framework as possible (Riggert). Pruning mature trees aso helps suppress the dternate-year bearing
tendency of hazenuts.

Hand pruning permits more precise cutting and removal of desired wood than mechanicd
pruning. Nevertheless, mechanica hedging and topping are widely used to speed up the operation and
reduce cogs. Since mechanicd pruning involves indiscriminate cuts, growers may follow up with hand
pruning to further thin out interior growth.
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Sucker Contral

Hazelnut trees are prone to producing sucker growth (shoots sprouting from the base of the
plant), and will develop as abushy shrub rather than as atreeif the suckers are not removed. Most
growers use chemical herbicides to control suckers, praying when the shoots become Sx to nine
inchestdl. If the suckers grow more than nineinches, chemica herbicides may not kill them. Inthis
case, they must be removed by hand. Typicaly, orchards require three to four herbicide treatments per
year to control suckers.

Orchard Nutrition

Magor plant nutrient requirements for hazelnuts include nitrogen, potassum, magnesium, and
boron. Nitrogen promotes vegetative growth, with mature trees usudly requiring 1%2to 2 pounds of
nitrogen annudly. Y ounger trees require smaler applications. Potassium promotes leaf growth and nut
development, and growers may gpply up to 10 pounds per tree in the form of potash. Potassum is
usudly gpplied when leaf and soil andysis resullts indicate such aneed. Hazelnut trees use very little
phosphorus, and deficiencies have not been indicated in Oregon. Applying phosphorus fertilizer
reportedly does not increase hazelnut yields in Oregon (Baron).

Hazelnut trees may aso require the gpplication of magnesum and/or boron for maximum growth.
These dements are usudly gpplied as afoliar oray when tissue andysis indicates a need.

Excessvely acid soils can limit hazelnut tree performance because pH levels below 5.6 reduce
the availability of soil nitrogen and magnesium to the trees. If the soil profile istoo acid for hazelnuts,
growers can apply agriculturd or dolomitic lime to raise the soil pH.

Moss and Lichen Control

The most serious problem caused by moss and lichensis that they result in extra snow and ice
accumulating on the limbs during winter sorms. At times, this additional weight can cause excessive
limb breskage. Mass and lichen growth on limbs can be controlled by applying copper and lime sulfur
Sprays during the winter or early spring.

Preharvest Care

Growersflall the orchard floor one last time just before filled nuts begin to drop in early
September. Theflailing action grinds up blank nuts and twigs that have fdlen early, and putsthe
orchard floor in proper condition for harvesting. Ethephon, an abscison chemicd, is at times sprayed
on thetreesin late August or early September to hasten nut drop.

Harvesting

Commercidly-grown hazelnuts in the United States are harvested mechanicaly. After 90
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percent or more of the nuts have dropped to the ground, they are raked from beneath the trees with
either an air blast machine or mechanica rake, and deposited into a swath between the tree rows. A
pickup machine following the rake lifts and separates the nuts from the leaves, twigs, and other trash
and deposits the cleaned nuts into atote box. When the tote boxes arefilled, adriver with aforklift
tractor moves them out of the orchard. With such a system in place, 15 tons or more tons of nuts can
reportedly be harvested per day (Riggert).

A modern harvesting system requires a large capita investment, and neighbors may work
together to use their equipment more fully. In addition, smaler orchards may use less expensve
harvesting systems that have lower harvesting capacity. Increasingly, however, growers are cash
renting or share cropping severa orchards to expand the size of their hazelnut operations and to capture
the economies of sze from thelr investment in harvesting equipmen.

Production Perils

Severd naturd perils may cause yidd lossesin hazelnuts, the most serious of which are
extremely cold temperatures and excessive rain during pollination. A number of other perils can reduce
yields, athough growers have some degree of control over the extent of damage. Virtualy no westher
perils have occurred in the Willamette Vdley that kill or permanently disable hazelnut trees. The mgor
threat to hazelnut trees is the Eastern Filbert Blight (Mehlenbacher, 1997h).

Eagtern Filbert Blight (EFB)

Eagtern filbert blight is ardatively new disease to the Pacific Northwest which infects the sems
and twigs of the hazelnut tree. Infections girdle the branches, and the leaves beyond the infected area
wither. Severdly infected trees develop perennid cankers, which eventudly girdle entire scaffold limbs.
Treesare usudly killed afew years after the cankers spread to the main trunk. The diseaseis spread
within the orchard and beyond by spores carried by wind and rain. Mogt cultivars are susceptible
to thisdisease in varying degrees. “Daviana,” “Butler,” and “Duchilly” are highly susceptible,
“Barcdond’ is conddered somewhat tolerant, asinfected trees of this variety can remain productive for
severd years before they eventudly die (Mehlenbacher, 1990). “Casina’ reportedly has about the
same EFB tolerance as “Barcdona’ (Pinkerton). EFB disease has been present in the eastern United
States for many years, and the native American hazd reportedly is anaturd host of the disease. This
native species, however, appearstolerant of infections, suffering little or no ill effects.

The firg infections in the Pacific Northwest were discovered in Washington in about 1970
(Pinkerton). The disease has gradualy moved southward since that time into the main hazelnut areain
Oregon. The movement of the disease southward appears to be dowed by the prevailing direction of
thewind in western Oregon. The disease’ s spores are released during rainy weather and are carried by
thewind. However, during the rainy season, the prevailing wind is from the southwest, and thistends to
carry the spores back northward towards Washington. Currently, the disease has spread about 35-40
miles southward into the Willamette Valley.

Growers with infected orchards have been able to manage EFB with additiond fungicide sprays
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and continuous scouting and pruning, but at an increase in cost. Once the diseaseisin the orchard,
growers must gpply 2-4 additiona fungicide sprays annualy and must continualy scout the trees for
infections, pruning out infected wood. These scouting and pruning activities are labor intensve
operations and add subgtantialy to production costs. Progress is being made in developing resistant
varieties, but varietd development is along-term process that requires many years before a new variety
can be tested and its yields proven under commercid production conditions.

Bacteria Filbert Blight

Bacterid blight, commonly known asfilbert blight, is aso a serious hazelnut disease in Oregon,
particularly among young trees. The most serious damage occurs to trees less than 5 year old.
Infections cause trunk girdling and kill young plants. Trunks of older trees are sedom infected, but
buds and nut-bearing twigs in the tops may be killed, thereby reducing yieds. The diseaseis most
prevaent after heavy fal rains and is most serious when awet fal is preceded by another fal season
with heavy rans,

Copper sprays or copper dust applied in late August or early September (before the first heavy
rains) usualy control filbert blight. 1n seasons with heavy and prolonged rainfall, a second application
may be necessary after the trees have shed some of their leaves. Avoiding unnecessary tree damage
hel ps reduce infections by preventing the blight organism from entering the tree.

Animds

Deer are particularly damaging to young hazelnut trees in orchards next to wooded aress, as
they browse on the foliage and new shoots. The use of deer fencing around the entire orchard is an
effective, but expensve, solution. Chemica and other repellents have proven only partidly effective at
reducing deer damage.

Gaophers may kill young hazelnut trees by gnawing on the roots. They are often attracted to the
orchard by the succulent roots of a cover crop, but turn their attention to the hazelnut trees after the
cover crop isturned under. Control measures include the use of toxic bait, burning sulfur with aweed
burner down the gopher hole, and trapping.

Meadow mice can damege hazelnut trees by girdling the roots and stems.  Eliminating any
ground cover around the trees minimizes this damage. Poison baits aso provide economical and
effective control.

Weeds
Weeds are controlled by the combined use of herbicide applications and flail chopping.

Herbicides are used to control weeds within the tree row or in circles around individua trees, while
weeds between trees are controlled by flaling.
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Moss and Lichen

The mogt serious problem caused by moss and lichen is additiond limb breskage during heavy,
wet snows and ice sorms. A good pruning program, combined with fertilization and other management
practices that encourage vigorous tree growth, usualy keep moss and lichen damage under control.
Sprays aso can be effective in controlling these bark parasites.

Pecans

In terms of production value, pecans rank third-highest among tree nut crops grown in the
United States, following amonds and walnuts. In 1995 and 1996, U.S. pecan output averaged 245
million pounds and had afarm vaue of over $200 million. Although pecans are produced across the
southern United States, Georgia and Texas are the leading States.

According to the Census of Agriculture, 21,206 farms grew pecans in the United Statesin
1992. Pecan trees covered 473,426 acresin 27 dates. Texas and Georgia accounted for more than
half of thetota area, with 35 and 27 percent of U.S. acreage, respectively. Other states with
Substantial pecan acreage in 1992 include Oklahoma, Alabama, New Mexico, Mississippi, Arizona,
Florida, and Louisiana.

Output levels are not only influenced by dternate bearing patterns, but aso by the type of
pecan trees that are grown. Some types regularly produce more nuts than others. There are two
magor classfications of U.S. pecans--native (seedling) varieties and improved varieties. Native pecan
trees result from seeds, while improved varieties result from budding or grafting. Managed native
stands generdly produce fewer, smaller, and lower-quality pecans than improved varieties.

Pecan Tree Characteristics

Pecan trees are deciduous, dropping all their leavesin thefal. They require a period of
dormancy between bearing cycles. Mature pecan trees can become very large and are long-lived.
Pecan trees do not produce nuts for 5-10 years after planting, but can continue producing for over a
hundred years.

Because pecans do not reproduce true from seed, improved varieties have been devel oped that
are propagated by grafting to maintain the desirable characterigtics of the tree and nut. Most pecan
orchards are planted to at least four cultivarsto aid in pollination. The nuts produced by each cultivar
are usudly very distinct in Size, shape, and color, and the trees may be planted in separate rowsto
facilitate harvesting only one variety a atime.

Pecan trees have a pronounced tendency toward alternate-year bearing. A typica pecan-
growing season begins with bud-bresk in April, followed by pollination in May, and nut Szing in June.
Nuts are devel oping and growing on the tree until shuck split in October, and harvesting may not occur
until mid-December. Good orchard management can discourage dternate-bearing tendencies by
dleviating conditions that stresstrees. Factors such as soil fertility, over-crowding, variety, and the age
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of the tree dso influence bearing patterns.

Varieties

Pecan orchards usudly contain severd cultivars that are carefully chosen for their yields, nut
quality, and tolerance of insects, diseases, and cold temperatures. Mot of the pecans planted in
Southeastern orchards before 1950 were the “ Stuart,” “ Schley,” “Moneymaker,” or “ Success’
cultivars. Orchards planted within the last forty years may contain the “Desirable,” * Cape Fear,”
“Cheyenne,” and “Elliot” cultivars. In the Southwest, “Western” and “Wichita’ are important cultivars.
Cultivars with Indian names have been developed by USDA.

Stuart

“Stuart” isthe old-standard pecan cultivar of the South, and begins to bear 8-10 years after
planting. It originated as a superior seedling tree discovered in Missssippi in 1886. Thisvariety
comprised about one-fourth of al commercidly-producing treesin Georgiain 1989, and is probably
dill the dominant variety.

“Stuart” trees have only mediocre scab resistance and are susceptible to downy spot and
phylloxera. “Stuart” is one of the most consstently high-yielding cultivars, dthough the nuts are rather
smdl and thick-shelled, with medium-to-low kernd percentages. Nut qudity is average, but demand is
usualy good for this variety and pricesfor “ Stuart” pecans are rlaively high.

Schley

Like“Stuart,” “Schley” is another older pecan cultivar. 1t was planted extensvely after its
introduction in 1898, and there are still many “Schley” trees throughout the Southeast. The nuts are
oblong, with athin, brittle shell and a golden-colored, high-quality kerndl. The yidd-per-acreis usudly
low, however, and “ Schley” is susceptible to scab and bunch disease. The nuts may need to be hand
picked since mechanica harvesting can damage the thin shdls.

Moneymaker

“Moneymaker,” introduced in Louisanain 1896, was a one time planted throughout the
Southeast. Georgiagtill has many “Moneymaker” trees. The nuts are fairly smdl, light colored, and
round with moderately-thick shells. The trees are high yielding and have a strong adternate-bearing
tendency. “Moneymaker” is moderately susceptible to scab, but is resistant to bunch disease.
Success

The“Success’ cultivar was introduced in 1903 in Mississippi. Itislesswiddy planted in older
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orchards in Georgia than in other Southeastern states. The short, round trees produce large nuts that
have atendency to retain part of the shuck after harvest. Yields can be high, but nut quaity is
extremely variable. The “Success’ cultivar is susceptible to vein spot, shuck dieback, ssem-end blight,
and scab.

Elliot

“Elliot” originated from a seedling and was introduced in Floridain 1925. Itisavery scab-
resstant cultivar that provides a favorite rootstock and isagood pollinator. The nuts are smal, but of
high qudity. Thetree has atendency to become increasingly aternate bearing asit matures. Itisaso
susceptible to cold injury and aphid infestations.

Dedrable

“Dedrable’” was introduced in 1930 in Mississppi and has been widdly planted throughout the
Southeast since the 1950's. It is one of the most widely-grown cultivars and continues to be
recommended for new plantings. “Dedrable’ replaced “ Schley” as the second most-important variety
in Georgiain the late-1980's. This cultivar is known for its congstent production of large, high-qudity
nuts, and it rarely over-produces. The nuts have alight-colored shell with peppery markings.
“Dedirable’ has only moderate resi stance to scab and other diseases, however, and is susceptible to
winter injury. The tree has awesk structure and its limbs bresk easily. Asaresult, it requires careful
traning.

Cape Fear

“Cape Fear” was developed from a* Schley” seedling. It wasintroduced in 1941 in North
Carolina, and has recently regained popularity. The nuts are of good qudity with dark shells and bright
(golden) kernels. The variety has adequate scab resistance, but is susceptible to leaf scorch and
angular leaf spot. The trees begin to produce marketable crops about 5 years after planting. They are
agood early- and mid-season pollinator that produces high yields, and can be planted successfully in all
the Southeastern states.

Cheyenne

“Cheyenne’ was released by USDA in 1970, and is recommended for planting in seven
Southeastern states, from South Carolinato east Texas. Planting of Cheyenneis not, however,
recommended in Georgiaor Alabama. It has an early pollen shed that may enhance yieldsin some
orchards (depending on other cultivar plantings), and it is very resstant to pecan scab. Although
“Cheyenne’ begins bearing 5 years after planting, the tree is dow-growing. It isaso proneto dternate
bearing, and is susceptible to gphid infestations. “Cheyenne” produces medium-sized, high-quality nuts
that are bright-colored and wrinkled, with near-perfect halves.
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Western

This cultivar was known as “Western Schley” when it was first developed from progeny of a
native pecan found near the junction of the San Saba and Colorado Riversin Texasin the 1870's
(Hancock). “Western” isthe standard pecan variety of west Texas, due to its tolerance of heat and
drought. The nuts are medium-sized and ripen in mid-to-late season. Early freezes occuring before the
shuck is completely open can cause the shuck to adhere to the nut (McEachern). In addition,
“Western” has been serioudy affected with what is believed to be a stress problem that occurs when
the shuck fails to open to release the mature nut (Stein).

Wichita

“Wichitd” was developed in an early breeding program established in Brownwood, Texas.
With good management, this cultivar can be vigorous and very productive. The nut is medium-sized,
with a high percentage kerndl and excellent kernd color. If any of its soil, space, climatic, or other
requirements are lacking, however, “Wichita’ will develop poor foliage cover and be low yielding.
“Wichitd’ isaso susceptible to cold injury. In addition, it can only be grown in the arid Southwest
because it is highly susceptible to scab (McEachern).

Propagation and Planting

Pecans are described as ether "native and seedling” or "improved varieties' depending on the
method of propagation. A native pecan tree differs from its parent because it developed from a seed
that resulted from cross-pollination. Therefore, each native treeisredly aunique variety. In contrast,
improved varieties are propagated by grafting a bud or shoot from a named cultivar onto a rootstock.
The upper portion of the tree, above the graft line, isidentica to the parent. Improved varieties are
selected for superior disease and insect resstance, nut yields, qudity, and other desirable
characterigtics. A new pecan cultivar requires about 25 years for devel opment.

Cultivation and Management Practices

Most pecan trees have an dternate bearing characterigtic.  Although less pronounced in some
varieties, the trees produce alarge crop during the “on” year, depleting the tree's nutrient reserves.
Since pecan trees carry nuts for most of the growing season, thereislittle time after the nuts drop in the
fal for the tree to build up reserves before dormancy. Consequently, the tree uses the next season to
recuperate and produces fewer nutsin that year. Good management practices, including adequate
water and nutrients and control of crop Size, can avoid tree stress and minimize aternate-year bearing.

Soil
Pecans grow as ndtive plantsin river valeys where the nutrient-rich dluvid soil deposited by
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flooding is well-suited to their needs. The soil must have good water storage capacity, as well as good
drainage. Upland soils, epecidly sandy loams, are dso suitable if severa feet of loose, permeable top
soil are present, and there are no compacted layers to hinder root growth. Pecans should idedly be
located where a permanent, static water table runs 10 to 25 feet below ground, providing deep water
that can be reached by long tap roots and used when the tree is stressed by drought. Surface water
should be regularly provided by rainfdl or irrigation. Upland soils should typicaly be irrigated.

Pecan trees are both drought resistant and tolerant of limited water saturation. The long tap
roots alow the pecan tree to tolerate drought conditions, athough drought stress reduces nut yields. At
the same time, the tree is cgpable of surviving floods and can stand in water for several weeks. Pecan
trees are more tolerant of standing water during the winter months, when the oxygen levelsin the water
are high, than in the summer. Pecan trees cannot tolerate continuous saturation in the summer months,
and tree death due to excessive waterlogging may result (Thompson; Wood).

Temperature

Pecan-growing areasin the U.S. generdly have growing seasons of 240- to 280- days.
Summer temperatures between 75° F and 85° F, with little difference in day time and night time
temperatures, are the most conducive to tree growth and nut production. The minimum growing
temperature is about 50° F.  Although pecan trees have adapted to colder climates, the minimum winter
temperature in its native habitat is0° F to -10° F, and the average winter temperature is45° F. Some
studies have indicated that pecan trees have a chilling requirement of at least 400 hours a 45° F or
below (Wolstenholme).

Pruning and Thinning

Y oung trees require training during the first five years to develop a strong centra leader and to
eliminate narrow limb crotches which will split easily when subjected to strong winds and heavy crops.
Thinning and pruning are required as the orchard matures to ensure that dl branches receive sufficient
sunlight to thrive and produce nuts. For treesthat are more than 20 years old, pruning isusudly aless
effective way to raise the yield per tree than through the use of thinning. If the limbs of pecan trees
touch, or if the orchard floor has less than 40 percent sunlight at noon, the orchard should be thinned by
removing trees.

In the Southeast, pecan trees are planted 30 to 40 feet gpart and are thinned so that 10-15
year-old trees are spaced 60-80 feet gpart. The space required by pecan trees increases with the
diameter of the trunk. Y oung treesthat have diameters of 12-13 inches should be planted 30 feet
gpart, which resultsin atree dendty of 36 trees per acre. When the trunk diameter reaches 20 inches,
the tree spacing should increase so that there are about 15 trees per acre. Large trees, with 30-inch
trunks, require 80 feet of space and there should be only 6 or 7 trees per acre (O'Barr).

Pecan treesin the Southwest are dower-growing and more compact than in the Southees,
making closer tree spacing possible. In west Texas, mature pecan trees are usudly spaced 50 feet
apart (Pena).
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Pollination

Pecan trees are dichogamous, producing both mae (staminate) and femde (pitillate) flowers
that mature at different times on the sametree. If pollen-shed occurs before the femde flowers are
receptive, the cultivar is classfied as Type | (protandrous) and, if the reverse occurs, Typelll
(protogynous). Both types of pecan cultivars are needed in an orchard for successful cross-pallination.
When no overlagp in the period of receptivity occurs, completely dichogamous trees cannot pollinate.
Dichogamy is actudly adesrable trait of pecans, Snce sef-fertilization usudly results in fewer and
smdler nuts

Cross-pallination occurs when the pollen-shed period of one cultivar overlgps with the stigma:
receptivity period of the other. Cultivars with Sx or more days of overlap have a very good chance of
cross-pollination. Comparing usud overlap timesindicates that “ Cape Fear” will pollinate “ Desirable,”
“Desirable’ will pollinate “Elliot,” and “Elliot” will pallinate “ Stuart” and “ Cape Fear.” Horticulturists
recommend at least four cultivarsin the orchard--two Type | and two Type Il varieties.

Fertilization

The most common plant nutrient deficiencies in pecan orchards are nitrogen, potassum,
magnesium, phosphorous, and zinc. Horticulturists recommend that growers use afoliar analysisto
determine specific plant nutrient needs before fertilizer applications. Excessive gpplications of plant
nutrients can be as harmful as shortages.

In the Southeadt, lime and magnesium (in the form of dolomitic limestone) are generaly needed
every 3-5 yearsto rase the soil pH. Magnesum deficiencies are more likely in the sandy, acidic soils
of the Southeast than in the higher pH, akaline soils of the Southwest.

The largest plant nutrient requirement is usudly nitrogen, since nut production uses large
quantities of this nutrient. In addition, nitrogen is trandent in the soil and leaches during periods of
heavy rains. Nitrogen deficiency causes the foliage to fade, firg to light green and then to yellow. In
addition, nut production is limited by aborted flowers and reduced nut size. Nitrogen-deficient trees are
likely to defoliate early in the fal, reducing the amount of carbohydrates stored for winter. Heavily-
producing trees require gpproximately 100 pounds of nitrogen per acre, while younger trees need a
haf-pound of nitrogen for each inch of trunk diameter.

Potassium deficiency may be triggered by an overdose of nitrogen. Such an imbaance of
nutrients gives rise to a condition known as "scorch.” When this condition is present, the leavesfirst
develop dime-sized, dark-brown areas that then turn yellow. As the leaves become yellow, the
symptoms of potassium deficiency brought on by excess nitrogen can resemble the signs of nitrogen
deficiency.

Zinc and lime imbaances may also cause stress. A zinc deficiency can cause "rosette)” which is
characterized by chlorosis and the curling or twisting of young leaves. Low zinc levels can cause
poorly-filled nuts, and the tree may have smdl leaves and reduced cold tolerance. Too much lime (or
high levels of cdcium and magnesium) in the soil can induce a zinc deficiency by inhibiting zinc
absorption. Foliar applications are routingly used to supply zinc to pecans trees in the Southwest.
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Ground application is used in the Southeast, where soils are more acidic. Zinc must be present while
the trees are leafing in the spring to prevent rosette.

Pesticides

Scab is awidespread disease problem in the Southeast, and must be controlled through
preventive fungicide applications for successful pecan production. The scab spray program typicaly
involves 2 or 3 fungicide applications at 10-14 day intervals, beginning at bud break, followed by five
or more applications at 21-day intervas. A totd of eight Sprays, sSometimes more in rainy seasons or
with susceptible cultivars, may need to be applied. The fungicidesthat control scab usualy aso control
other fungi aswell. Because of the arid climate, routine spraying for fungd diseasesis not required in
the Southwest.

Insecticides are usudly not gpplied until damage is evident or scouting reveals that insect
populations have risen to athreshold level. Insecticide applications should be timed to control insects at
avulnerable sagein their life cycle.

Irrigetion

Adeguate moisture is a critica requirement in pecan production. Insufficient soil moisture from
April through the shell-hardening stage in early August may cause the tree to abort nuts and cause smal
nuts among those remaining on the tree. Drought during August and September can cause the nuts to
be poorly filled. In addition, dry conditions late in the season can aso prevent the shucks from opening,
aswell as hinder the treg's ahility to store carbohydrates for the winter.

All pecan orchardsin New Mexico, Arizona, and west Texas, and about half of thosein
Georgia, areirrigated (Pena; Hubbard). Fewer than half the pecan treesin other Southeastern states
areirrigated, and less than 10 percent of Oklahoma's pecan trees are irrigated (Goff; Smith).

Pecan trees in the Southeastern states require about 50 inches of water during the growing
season. Although rainfal in many pecan-growing aress averages about 50 inches annudly, the
distribution of rainfall does not always coincide with the orchard's needs. Supplementd irrigation during
the critical growing period helps assure consstent yields. A 6- to 8-year-old pecan treein the
Southeast, for example, may need up to 10 gdlons of irrigation water per day during June. A 15-year-
old tree may need up to 52 galons, and a 60-year-old tree, as much as 208 galons daily. Water needs
drop during October, to about haf of the levels required in June.

Water requirements vary somewhat by area. In central and west Texas, a mature pecan
orchard consumes 0.25 acre-inches of water a day during peak periods, and supplementary water is
required 50 to 90 daysayear. A young, bearing pecan tree in Texas requires 30-40 galons of water a
day during peak growth periods (Pena).
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Harvesting

U.S. pecans are harvested primarily during October and November. The splitting of the pecan
shucks marks the start of the harvesting season. The shucks begin to split in some areas by the end of
September, but most cultivars grown in the Southeast begin to open in mid-October. If mechanica
shakers are not used, the pecan nuts drop to the ground naturally over a 3 to 4 month period.
Commercid growersin the Southeast shake the trees when about hdf of the shucks are open (about
the end of October) and gather the nutsimmediately. The trees are shaken and the nuts gathered again
about three weeks later (Goff). Pecan harvesting may begin earlier in Georgia than in other ates, and
isusudly finished by mid-December (Crocker).

The mechanica harvesting equipment consists of tree shakers, nut siweepers, vacuum
harvesters, and trash separators. Shakers have padded jaws that clamp the trunk and shake the entire
tree. For taller trees, aboom is attached to the shaker and large limbs are shaken one by one. Shaking
trees during harvest-time is not consdered harmful to thetree. The shaker smply vibrates the tree and
the tree survives well (Thompson).

Shakers, however, are being increasingly used in August to thin the crop. Thereis some
question as to the impact of shaking on the tree at thistime of year. In Augugt, the tree’ s bark dips.
Als0, the tree needs to be shaken harder than during the fall months to remove the fruit becauseit is
not yet ripe and ready to drop. If careis not taken under these conditions, the bark could be damaged,
alowing insect and disease entry, potentidly killing the tree (Wood).

Production Perils

The productivity of the pecan treeis directly related to its hedth. Stresses from westher, insect,
and disease perils can reduce production for several years, or cause the tree to enter into a vegetative
gate. A heavy crop load or lack of sun can aso affect productivity, sometimes for several years after
the stressful situation occurs. Heavy winds, hurricanes, and tornadoes can cause sufficient damage to
the tree’ s canopy to make it unproductive for many years. Damage can aso be caused by soil
problems, such as high levels of boron and sodium.

Excesdve Rain or Cloudiness

Excessive rain during the growing season can reduce the effectiveness of fungicides, and can
cause losses due to funga diseases, especialy pecan scab. Late in the season, cloudy weather can
diminish photosynthetic activity and reduce the nutrients available to the tree. Events that reduce
nutrient availability interfere with the treg's ability to produce nuts the following season. Although
pecans can withstand excessive rain fairly well, extreme Situations can result in the death of the tree.

Frosts and Freezes

Both pecan trees and the nut crop are susceptible to cold damage. Although pecans are one of
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the last trees to open their buds in the spring, late spring freezes can kill newly emerged flower buds.
Frogt isapaticular hazard if it follows a period of unusudly warm weather. Warm wesether causes the
trees to bud-out earlier than usud, increasing the chance that they will encounter frogt. Early fal and
late spring freezes can affect the productivity of the trees for the next severd years, having aripple
effect on production. If the freeze damages the tree on an “on” year, when nut production should be
high, growers could experience poor cropsin that year, as well asin subsequent years due to the
aternate bearing nature of the tree (Wood).

Pecan trees are most susceptible to cold injury in the fal, before they have acclimated to low
temperatures. Y oung trees are more likely to be damaged by freezing temperatures than are older
trees. Before acclimating to colder temperatures, pecan tree tissues freeze at temperatures below 30°
F. When atree is completely dormarnt, it can withstand mid-winter temperatures as low as-40° F.
Most cold injury occurs on the lower trunk, which is the last part of the tree to become acclimated, and
the first to emerge from dormancy (Goff). Prolonged cold temperatures may, however, result in death
of the tree (Wood).

The mogt driking cold injury to trees is sunscald, which occurs when the sun heats the tree
trunk on cold winter days, drying out and killing plant tissues. When sunscad occurs, the bark on the
sunny side of the tree splits longitudinaly or forms a sunken spot. Sometimes, no damage is visble and
the weakened tree may live for severd years.

Cold damage can be minimized by choosing an orchard site with good air flow and cold-hardy
cultivars, and planting trees that were budded or grafted high (not low) on the trunk. In addition, trees
should be maintained to promote their heath, and pruning should be delayed until the danger of frost is
minimal, about two weeks before the trees begins to come out of dormancy. Painting young tree trunks
with white latex paint or using light-colored, reflective trunk wraps can aso reduce freeze damage.

Excessve Wind

The strong winds and hail that accompany thunderstorms may defoliate pecan trees and
diminish their ability to accumulate energy reserves. Winds aso increase limb breskage, and even
moderate winds can be very destructive to pecan trees carrying aheavy load of nuts. Thisis especidly
aproblem in August and September, when the crop load is heaviest. During these months, severe wind
storms and tornadoes could aso uproot atree, especidly thetaler trees in the orchard (Wood). Once
asufficient number of limbs have broken off a pecan tree, the tree's canopy will be destroyed and the
tree will not produce again until the canopy isreplaced, which can take severa years (Thompson).

Pecan trees located near the Gulf Coast--such as near Mobile, Alabama--are susceptible to
damage from hurricanes. Because pecan trees require approximately ten years to reach pesk
productivity, extensgon specidists suggest that they should not be planted within about 20 miles of
hurricane-prone areas (Thompson). Hurricane season extends into August and September, when the
trees are |oaded with nuts and very vulnerable to the strong winds associated with hurricanes (Wood).
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|ce Storms

|ce sorms tend to be a problem mostly in the fringe areas of pecan production, including the
northern parts of Mississippi, Alabama, and Georgia. In these areas, cold and rainy weather can cause
icing on tree limbs, which may result in breskage. In northern Missssippi and northeast Louisana,
limbs aslarge as 6 to 8 inchesin diameter have fdlen due to ice sorms. Downed limbs decrease
productivity in that year, and if the canopy is affected, yields may be reduced for severd years until the
canopy grows back. Inthe coastal plains, where most pecan production occurs, ice sorms are less of
aproblem (Wood).

The cost of cleaning up after ice storms can be very expensive, with estimates of $200 to
$1,000 an acre to clean up and properly prune the trees. While limb loss and pruning may cause the
tree to enter a vegetative sate for up to 4 to 5 years, the orchard still must be maintained, increasing the
costs of the loss even further (Thompson). Severe ice storms can tear trees gpart and prompt growers
to remove entire orchards. Such severe damage is, however, uncommon (Wood).

Lightni

As pecan trees become larger, lightning damage increases as athreat. When atreeis hit by
lightning, the extent of damage varies depending on the specific circumstances. The tree may be able to
grow back from the roots after severd years, or it may be killed. When lightning strikes, only afew
treesin an orchard are lost (Thompson; Wood).

Drought

Drought can kill a pecan treeif it occurs when the treeis stressed. Thisis especidly likely to
happen after atree has produced alarge crop. Typicdly, few treesin an orchard are killed by drought,
athough productivity may be lowered for several years. In such cases, there may be no crop the year
after the drought. The second year may produce an exceptiondly heavy crop, with ahigh proportion of
unfilled kerndls. This pattern may continue for 4 to 10 years, causing the orchard to become
uneconomical.

Growers will often wait out the effects of drought because of the long time it takes for a new
tree to become productive. Good management practices can aid recovery (Wood). Planting treesin
soil with good water retention is an important management practice reducing the effects of drought. If
soil has good water-holding capability, the long taproots of the pecan tree can help the tree survive a
drought (Pena).

Excessve Boron and Sodium in the Sail

Excessve levels of boron and sodium in the soil can poison a pecan tree' s roots, killing the tree.
Thisis mainly a problem in the arid West, from central and western Texas to New Mexico, Arizona,
and Cdifornia. Pecan production in these Satesis entirely irrigated. Irrigation causes boron and
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sodium levels to increase, increasing the chances of such poisoning.
Diseases

Scab isthe most widespread and serious disease affecting pecans in the Southeast. Fungal
diseases are mogt seriousin humid regions and during periods of excessverainfal. Inthe more arid
areas of west Texas and New Mexico, shuck disorders are a more serious problem than scab.

Scab

Scab is the most important disease affecting pecan trees. It isafungus that attacks the leaves
and nuts of the tree, causing black spots. Scab infections may cause pecan trees to become defoliated,
debilitating the tree and eventually causing its death. Even before desath occurs, scab makesthe tree
unhedthy and it reaches a point where it cannot produce nuts. At such atime, the tree must be
removed.

Scab isadifficult disease to control because of its changing nature. Cultivars that may once
have been resstant to scab become increasingly susceptible over time. The continua devel opment of
new cultivarsthat resst scab, at least initialy, isthe only way to kegp pecan production continuing east
of the Missssppi. Creating new cultivars, however, is along process, taking about 25 years
(Thompson).

Cotton Root Rot

Cotton root rot isafungus that livesin the soil. The fungus attacks the roots and causes desth
of thetree. There are no chemica methods of control that are available presently to combat this
disease.

Shuck Dieback (Decling)

The exact cause of shuck dieback is not known and no effective control has been found.

Shuck dieback is associated with “ Success’ cultivars, appearing wherever this cultivar or its progeny
are grown. It seemsto be related to tree stress and becomes most severe on trees with large crops and
trees that are crowded.

Shuck dieback does not usualy appear until September or October in Alabama, and about one
to two weeks before norma shuck split in Texas. When this disease is present, the shuck beginsto turn
black and die at, or near, thetip of the nut. Asthe black area spreads, the shuck may flare open.
Damaged nuts have no kernd or are poorly filled.

Shuck dieback can kill young trees (those 15 years and younger) if they are already under
dress. In such Studions, the tree may look healthy during the winter. By spring, the tree may begin to

gppear damaged by cold injury, but in actudity, is dying (Wood).
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Crown GAll

The tumorous growths characterigtic of crown gdl usudly arise on the roots and bases of pecan
trunks, but can appear on the lower limbs of young trees. The gdls are wart-like growths varying in
sgze from afew inchesto afoot or morein diameter. Crown gdl is caused by the bacterid pathogen
Agrobacterium tumefaciens, which can live in the soil for many years. It enters the pecan treg's roots
and stems through wounds caused by insects, grafting, and cultivation. Hosts include apple, peach,
pecan, walnut, and grape. Galls reduce tree vigor by retarding the flow of water and nutrients.

The incidence of crown gdl is reduced by planting only disease-free nursery treesthat have
been dipped in a solution of an antagonigtic bacterium. Preventing entry wounds isimportant snce
crown gall has been found to be present in 25-60 percent of the 40- to 60-year-old orchardsin
Georgia.

|nsects

Insects often affect the productivity of a crop of pecans, but few threaten the life of thetree. An
exception is the Paranous root borer, which burrows into the root system and eventudly kills the tree.
For atree to be affected by the root borer, however, it first needs to be stressed by some other factor,
reducing its resistance (Wood).

Unknown Factors

Pecan trees occasiondly die due to unknown causes. Typicdly, only afew treesin an orchard
are affected. One of these unknown causesiscalled “mouse ear.” Mouse ear affects young trees,
keeping them from growing and becoming productive. It may be the result of afertility problem,
athough the exact cause is uncertain. Mouse ear strikes an orchard at random. It occurs less than one
percent of the timein newly planted orchards, but usudly occurs when trees are planted in missing
gpaces in an established orchard (Wood).

Pistachios
Pigachios are ardatively new crop to the United States, and virtudly dl production islocated
in Cdifornia. According to the Census of Agriculture, dightly more than 1,000 farms had pistachio
trees under commercid cultivation in Cdiforniain 1992. In 1996, bearing acreage is estimated at
64,300 acres.

Pistachio Tree Characteristics

Pistachio trees are related to cashew and mango trees, as well asto poison ivy, oak, and
sumac. Pollination occurs during April and harvest of the nutsisin September. Thetreesare
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deciduous, dropping their leaves in November, and require a dormant period between bearing cycles.
Like other nut trees, pistachio trees are dternate-bearing.

Pigtachio trees are either male or femade (“dioecious’). Consequently, trees that produce nuts
do not produce pollen. The cultivars used as pallinators are male, while those that produce the nuts are
female. Pigtachio trees produce nuts about six years after planting and reach full-bearing potentia in 12
to 15 years. Thefruits of the pistachio tree are nuts that grow in clusters aong the distal portions of
branchesthat are produced during the previous season.

Varieties

A given pistachio tree produces either mae or female flowers, but not both. Cultivarstend to
be identified as femae or male because dl of that cultivar’ s trees have been propagated with buds from
trees of thesame sex. “Kerman” and “ Joley” are the preferred femae (nut-bearing) cultivars, while
“Peters’ and “Gazvin” are the primary mae (pallinator) cultivars.

Kerman

The “Kerman” variety was introduced in 1957 by USDA for trid purposes, and was sdected
from a group of seedlings grown from seeds imported from Iran. 1n 1994, “Kerman” comprised 92.5
percent of Cdifornia pistachio acreage (Cdifornia Agriculturd Statistics Service). It produces
exceptiondly large nuts with excelent kernd qudity. The trees, however, have a pronounced dternate-
bearing tendency and, despite relatively high yields, produce a high percentage of blank nuts and nuts
with non-split shells.

Joley

“Joley” isanew pigtachio cultivar grown in Cdiforniaand New Mexico. It comprised lessthan
0.1 percent of Cdiforniaacreage in 1994 (Cdifornia Agricultural Statistics Service). “Joley” was
developed by USDA, originating as an open-pollinated seedling from seed imported from Iran. “Joley”
trees blossom and bear nuts earlier in the season than “Kerman.”  Experience with limited plantings of
“Joley” indicates that it produces more nuts with split shells and fewer blanks than “ Kerman.”

Peters

The “Peters’ cultivar is used as a pallinator, and accounts for 6 percent of Cdifornia’'s 1994
pistachio acreage. It is congdered a universd pollinator because it sheds pollen while many femde
cultivars are receptive.
Gazvin

The“Gazvin” cultivar is arecently-introduced variety from Isragl. 1t may provide more pollen
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to “Kerman” than doesthe “Peters’ cultivar, because “Gazvin” has an earlier peak-bloom date.
Although “Peters’ has been an effective pollinator of “Kerman,” its average peak-bloom date occurs
before “Kerman” bloom begins. The pesk-bloom date of “Gazvin” coincides more closdy with the
early bloom of “Kerman.”

Propagation and Planting

Pistachio trees are propagated by grafting abud of a selected cultivar onto arootstock. The
choice of both the cultivar and the rootstock can influence the tree' s resistance to diseases, aswdll as
its cold hardiness, nut yield, the extent of blank nut production, and the treg’ s dternate-bearing
tendency. There are two dominant pistachio cultivars and two rootstocks that comprise most
commercid pigtachio orchardsin Cdifornia

The most common rootstocks used in Cdlifornia pistachio orchards are Pistacia atlantica and
Pistacia integerrima (aso known as Pioneer Gold 1). During the first decade of commercia plantings,
P. atlantica and Pistacia terebinthus were used exclusvely. Both roostocks, however, were found
to be susceptible to verticillium wilt, and many pistachio trees in the southern San Joaquin Valey were
lost.

Pioneer Gold | was subsequently adopted because it is less susceptible to verticillium wilt,
dthoughit isless cold tolerant than P. atlantica. A newer hybrid, Pioneer Gold 11, combines
verticillium resistance and cold hardiness. According to a 1994 survey, Pioneer Gold | rootstock
accounts for 48 percent of dl pistachio acreage in Cdifornia, P. atlantica accounts for 42 percent,
Pioneer Gold Il for 3 percent, and P. terebinthus for lessthan 1 percent (Cdifornia Agricultura
Statigtics Service).

Rootstock seedlings are grown in containers for approximeately one year, until they are large
enough to be transplanted to an orchard. Trangplanting is usudly donein mid-June. A cultiver is
budded to the rootstock in the orchard the following April or May, athough some rootstock seedlings
areready for budding in thefal. Fall budding isusudly donein Augus.

Seedlings are usually spaced 11 to 12 feet apart within arow, with 22 to 24 feet between rows.

The trees are planted close within the row initidly to boost production during the early years of the
planting, and then are thinned out when crowding occurs. Crowding, however, is usualy not a problem
for at least ten years because the trees grow dowly.

Mature pistachio trees are usudly 20 to 25 feet tall and 25 to 30 feet wide. They begin
producing nuts within about 4 to 5 years after budding (or 5 to 6 years after planting), dthough an
economicaly significant crop is not usudly harvested for 7 to 8 years.

Cultivation and Management Practices*

Sl

* For cost of production budgets, see the appendix.
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Although pistachios can adapt to many soil types, they grow best on deep, light, sandy loams
that have a high lime content. Well-drained soils are required in order for the treesto
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flourish and bear well, Snce the root system will not tolerate prolonged wet conditions. Pistachio trees
are more tolerant of adkaline and sdine soil conditions than are many other trees.

Temperature

Pigachios thrive in areas with hot, dry summers and moderately cold winters. Optimum
temperatures for pistachio production in the United States can be found in Cdifornia's centrd valeys at
elevations of 500 to 600 feet. Trees should not be planted above elevations of 3,000 feet because cool
summer temperatures do not promote good kernd development. Pistachio trees grow well in some
aress of southern Cdifornia, including the desert areas, but produce very few nuts if the winter istoo
warm. From 700 to 1,000 hours of winter temperatures at or below 45° F are needed for pistachio
treesto fruit normally.

Spacing

Mature pistachio trees should be spaced with 20 to 24 feet between rows and 15 to 18 feet
between trees for an average of 110 to 145 trees per acre. Theratio of maleto femaletreesis 1:.8in
old orchards and 1:14 or 1:24 in newer orchards, with additionad mae trees in border portions of the
orchard.

Pruning

Y oung pistachio trees require training during their first 4 to 5 yearsin order for them to develop
an open-vase scaffold structure a 1.3 meters. Training begins the second year after the rootstock is
planted in the orchard. A strong trunk that extends 36 to 40 inches from the ground to the first scaffold
branch is developed to facilitate mechanica harvesting. In each year, new growth should be headed
back to 30 inches while the framework of the treeis being established.

Trees are pruned as the orchard matures to keep the tree centers open so that al branches
receive sunlight. Treestend to naturaly Spread as they develop, and branches will eventualy be pulled
down by the weight of the foliage and the nuts. Drooping branches tend to sunburn and to shade the
branches below. Older wood must occasionally be removed to prevent spreading and to stimulate
renewed growth from the scaffold branches. Topping and hedging machines are often used on 3- to 5-
year old wood. Pruning is done during the winter.

Pollination

Because pistachio trees are either mae or femde, made (staminate) and femde (pidtillate)
flowers cannot be produced on the same tree. Wind carries the pollen from the mae to femae flowers.
Femade flowers do not produce nectar, nor do they have colorful petasto attract bees. Therefore,
bees are not effective pollen carriers.

For maximum fruiting, abundant pollen should be available during the first 2 to 3 days of the
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female bloom period. The“Kerman” variety has abloom period of about 11 days, from the first to the
third week of April. Sincethe*Peters’ and “Gazvin” varieties bloom from the end of March through
mid-April, both can provide adequate pollen to “Kerman” trees. Male pistachio trees tend to be
prolific pollen producers, with one mae tree providing enough pollen for 10 to 12 femae trees.

Fertilization

Nitrogen is one the mogt likely plant nutrients to be deficient in pistachio orchards, and low
levels may affect both leaf production and nut yield potentid. The symptoms of nitrogen deficiency
include: delayed bud break; short, thin shoots, with reddish bark; and smdll, pae-green leaves with
reddish veins and petioles. In addition, the leaves of the pistachio tree may turn reddish to yellow with
time, leaves may drop early from the tree, and yields may be reduced.

Nitrogen is usudly applied to the soil of pistachio orchards four times annually, over the March
through July period. A recommended gpplication rate is one pound of nitrogen per tree annualy, which
is about the amount removed by a moderate-sized (1,500 pounds per acre) nut crop.

Boron, zinc, and copper are other nutrients that may be deficient in pistachio orchards. A
deficiency of boron is associated with “crinkle leaf,” which is characterized by deformed leavesthat are
twisted, cupped, crinkled, and irregular in shape. Soil applications can be used to correct this
deficiency, athough repeated applications can result in leaf necrog's, caused by boron toxicity. If boron
is gpplied foliarly, excess boron can cause reduced fruit set.

Zinc deficiency can cause “little leaf,” which resultsin the delayed growth of flord and
vegetaive budsin the sporing.  The tree tends to produce dwarfed leaves, with leaf tissue vaues below
7 ppm of zinc, based on foliar andysisin August (Beede, 1994). Copper deficiency causes shoot die-
back in late July and August.

Pegticides and Funaicides

Preventive measures are typically used to control insects on pistachio trees. Pistachio trees
usudly receive two sulfur gpplications for mite control in July and August. In addition, permethrin
insecticides are commonly used after fruit set in mid- to late-April to combat navel orangeworms and
other pests.

Fungicides are dso used to help control fungd diseases. They may be gpplied at any time
between April and October, whenever conditions make infection by air-borne fungi a problem.
Fungicides that are currently registered for use on pistachios include benomyl, which is used at full
bloom, and copper hydroxide sprays. Fewer chemica applications tend to be made in August or
September because many pesticides and fungicides are prohibited within specific pre-harvest intervals.

Irrigation

Although pistachio trees are relatively drought tolerant, successful commercia production
requires adequate soil moigture, particularly during the summer.  Insufficient soil moisture
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reduces tree growth and yidlds, causes nut production to be lighter and smdler, and increases the
number of blanks and non-splits.

Mature pistachio trees with canopies covering about 60 percent of the orchard floor use
goproximately 40 inches of water during an average summer in the southern San Joaquin Vdley. The
trees absorb 7 to 10 inches of water per month during June, July, and August. Somewhat lessirrigation
isrequired in the Sacramento Valey, where winter rainfal is higher (typicaly 16 to 20 inches).

Virtudly dl Cdifornia pistachio orchards are irrigated. Origindly, most of these orchards were
irrigated with furrow (flood) irrigation or drag-line sprinkler systlems. A higher incidence of fungd
infections is associated with those systems, however, and prompted growers to change to low-volume
(drip, fan-jet, and microsprinkler) systems (Kallsen). Flood and sprinkler irrigation systems were found
to promote fungd infection by raising the rdative humidity in the orchards. In addition, the splashing
water from high volume sprinklers soreads fungus spores. Nearly dl irrigation sysemsin Kern County
orchards are low-volume, but flood irrigation is still used in some areas of Madera County.

Harvesting

Cdifornia pistachios are harvested mechanicaly with prune-harvesting equipment, which is
composed of two separate, salf-propelled units. The shaker, which has a catching frame, and another
catching frame (with a conveyor belt and blower), are positioned on opposite sides of the tree. When
the tree is shaken, the nuts fal into the canvas aprons of the catching frames and roll onto the conveyor
belt. Two experienced workers can harvest about one acre of pistachio trees per hour (Crane and
Maranto).

Production Perils

Maor production perils affecting pistachio trees include excessiverain, late frosts and hard
freezes, and various diseases.

Excesdve Ran

Excessve rain can damage the pistachio tree in several ways. Continually saturated conditions
deprive the roots of oxygen and can make the tree unproductive. Also, the saturated soil makes it
harder for the roots to hold anchor inthe soil. If rains are accompanied by heavy winds, especidly
when the tree isfull of nuts, the wet conditions could cause the tree to topple. Continud rainy
conditions aso provide a perfect environment for fungd diseasesto thrive.

Frosts and Freezes

Pigtachio trees can generdly tolerate relatively low winter temperatures, with some having
survived temperatures aslow as 6° F without injury.  One of the few winter-related setbacks to
pistachio production occurred in December, 1990, when a*“ 100-year freeze’ caused widespread
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damage to most fruit and nut trees in southern Cdifornia. Pistachio trees were killed in Kern and
Madera counties.

Cold damage can be minimized by choosing an orchard Site that has good air flow and by
planting trees with cold-hardy rootstock. Pistacia atlantica isthe most cold-tolerant rootstock,
followed by Pioneer Gold Il and Pioneer Gold I.

Discases

Maor diseases affecting pistachio trees include the funga diseases Verticillium wilt, crown and
root rot, and bacteria diseases such as canker.

Vetidllium Wilt

Verticillium wilt is caused by the soil-born fungus Verticillium dahliae, and isthe most serious
disease affecting pistachio treesin Cdifornia, particularly in the southern San Joaquin Valley
(Ferguson). The verticillium fungus can live in the soil for many years. It invades the plant through the
roots, and moves up the trunk and limbs through water-conducting tissues. When the tree is infected,
the leaves wilt, turning yellow and then brown. Eventualy, the tree dies. Pre-plant soil fumigation with
methyl bromide and chloropicrin is recommended, dthough planting with resistant rootstock is the best
way to control this disease.

The two most common rootstocks used in early Cdifornia pistachio orchards, Pistacia
atlantica and Pistacia terebinthus, were found to be susceptible to verticillium wilt. During the late
1970's and early 1980's, many pistachio orchardsin the southern San Joaquin Valey were planted
where cotton had been grown and the soil was infected with verticillium. Thousands of pistachio trees
planted in Kern County died and were replaced with trees having new rootstock. Pistacia
integerrima (Pioneer Gold ) rootstock istolerant of the disease, and has been used successfully in
infected aress.

Crown and Root Rot

Crown and root rot is due to infection by severa species of Phytophthora, a soil-borne fungus.
Pistachio trees in poorly-drained areas are the most likely to beinfected. The fungus, however, is
widespread. Symptoms of Phytophthorarot are amilar to verticillium wilt. Less vigorous trees are the
most likely to succumb to Phytophthorainfection and to die quickly. The incidence of crown and root
rot is expected to increase as pistachio treesincrease in age and declinein vigor.

Trunk and Branch Canker

Three species of Phytophthora, P. parasitica, P. cryptogea, and P. capsici, have been
associated with trunk and branch cankers (MacDonald, et d.). Symptoms of the disease include the
development of dark, sunken areas of bark from which resin exudes. These cankers can enlarge over
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time, girdling and eventudly killing entire branches or trees.

Fungicides are not an effective trestment for control of trunk and branch cankers. The best
control isto minimize tree injury during the growing season, because spores enter through wounds such
as those from pruning cuts or limb breakage. Using irrigation systems that do not splash water onto
branches or trunks aso reduces the likelihood of infection, as surface waters may be contaminated with
pathogenic species of Phytophthora

Walnuts

Cdifornia accounts for 99 percent of U.S. walnut production. Production is concentrated in the
Centra Vdley, dthough walnut acreage is scattered throughout much of the state. The top five walnut
producing counties in 1994 were San Joaquin, Tulare, Stanidaus, Butte, and Sutter. 1n 1995, there
were about 170,000 bearing acres of wanuts in the state, and wal nuts were second in nut acreage only
to dmonds. 1n 1995, walnut production ranked Sth in revenue among al fruit and tree nut output in
Cdifornia, and 10th in export vaue among dl of Cdifornia s agriculturd commodities (Cdifornia
Agriculturd Facts).

Walnut Tree Characteristics

The walnut tree is deciduous, shedding itsleavesin thefal. The treeis monoeciousin that a
sngle tree has both pidtillate and saminate (femde and mae) flowers and is able to sef pollinate. For
many varieties, however, adequate pollination requires that a second variety be planted that will shed
pollen & the time of pidtillate receptivity for thefirgt variety. The flower iswind pollinated. Between
two and seven years are required before awal nut tree begins producing nuts.

There are two mgor commercia species of wanuts. Thefird type is the English wanut, which
is native to awide-ranging area from eastern Europe to the Himaayas, and is dso called the Persan
walnut. The second type is the black walnut, which is native to the United States. Almost al walnuts
sold commercidly inthe U.S. are the English variety. Black wanuts have ahard shdll and poor hulling
characterigtics, making them less desirable for commercid use (Wanut Marketing Board).

Varieties

Walnut trees are part of the genus Juglans, and in the same family as pecan and hickory
(Wanut Fact Sheet, U.C. Davis). The most important commercid species include English or Perdan
walnut (for nut production), Juglansregia; Eastern black walnut (for timber production), Juglans
nigra; Northern Cdifornia black wanut (for rootstock), Juglans hindsii; and “Paradox,” (for
rootstock) a cross between the English walnut and the Northern California black walnut (Walnut Fact
Sheet, U.C. Davis).

The mgor walnut tree varieties are “ Franquette,” “Hartley,” “Payne” “Vina,” “Chico,” “ Serr,”
“Eureka” “Tehama,” “Sunland,” “Ashley,” “Amigo,” “Howard,” “Pedro,” “Chandler,” and “Tulare’ (a
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new variety). The most common variety currently in production is“Hartley,” dthough “Chandle” is
the most popular variety for new plantings. Certain varieties are preferred for planting in different areas
based on the timing of their leefing. Varitiesthat leef later in the season, for example, potentidly have
fewer problems with late soring frosts and rains, and are preferred in foothill counties that are prone to
soring frogts. The information on tree varities that follows is from Walnut Orchard Management.

Payne

“Payne’ originated in 1898 as a seedling and is a andard in many Cdifornia producing aress.
The“Payne’ tree is moderately sized with arounded shape and good vigor, and its yield potentid is
high to very high. Moderate to heavy pruning is required when the trees are young to avoid
overbearing. “Payne’ is susceptible to codling moth and blight. Wanuts from “Payne’ trees are
harvested early in the season, as the nuts mature in early September. The nut Szeis medium to smdll.

Approximately 80 to 90 percent of the lateral buds on “Payne’ shoots are fruitful. Thetree
beginsto leaf in mid- to late-March in the Centra Vdley, and is the sandard by which other varieties
are compared. The pollen shedding period on “Payne’ coincides well with the period of pidtillate
flower receptivity, and solid blocks of “Payne’ trees are often very productive. “Payne’” wanuts
dominate the west side of Stanidaus and Merced Counties, as well as San Benito County.

Hartley

“Hartley” isthe most widdy planted variety of wanut, and its yied potentid is moderately high
to high. Its popularity semsfrom itslight kernel color, lack of problems with codling moth and blight,
and itsgood yidlds. It is, however, susceptible to deep bark canker. With moisture stress or poor soil
conditions, deep bark canker can be alimiting factor in production. “Hartley” trees prefer fertile, deep,
well-drained soil, and an adequate water supply. It isamoderately-sized tree, moderately spreading,
with good vigor on fertile soil. “Hartley” isthe dominant variety in the Sacramento and San Joaguin
Vadleysand in San Luis Obigpo County.

Up to 10 percent of the laterd buds are fruitful on “Hartley.” They are somewhat dow to come
into bearing, but yield good crops at maturity. “Hartley” trees begin to leaf about 16 days after
“Payne” Acceptable pollinators are the late-blooming “ Franquette’ and severd University of
Cdiforniasdections. “Hartley” is harvested mid-season. The nut has a broad, flat base and a pointed
tip, and the nuts are large and well seded. “Hartley” isthe primary bleaching variety sold in-shell.

Franquette

“Franquette’ is an old French variety that is planted to alimited extent, and mainly in the foothill
counties and areas with a tendency toward late spring frosts. The * Scharsch-Franquette” selectionis
consdered one of the best pollinators for medium- to late-blooming varieties such as “Hartley.” The
“Scharsch-Franquette” variety beginsto leaf about 31 days after “Payne.” Only terminal buds are
fruitful on the “Franquette.” Harvest-timeislaein the season, and the nut Szeissmdl. “Scharsch-
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Franquette’ trees are large with an upright shape, and they are moderately to highly vigorous.
“Franquette’ isthe mgor variety grown in Lake County.

Serr (UC59-129)

“Sar” isaUniversty of Cdiforniasdection that is a cross between the “Payne’ and “Hi-
159568" varieties. It produces alow to moderately heavy yied, depending on the location and orchard
conditions. In addition, this variety tendsto drop its flowers more than other varieties. As aresullt,
“Serr” has become less popular over time. Between 30-50 percent of itslaterd buds are fruitful, and it
leafs about one day ahead of “Payne.” Suitable pallinator varieties include “Chico,” “Tehama,” and
other varieties that shed their pollen in mid-bloom. Harvesting is early to mid-season, and the nut tends
to belargein sze. Thetreeislarge and moderately spreading with good to excessive vigor. It bears
earlier and more consstently on less fertile soil than other varieties. Serr is susceptible to codling moth
and blight. It isthe mgor variety in Kern County.

Adhley

“Adhley” isawdl established, highly fruitful variety with 80 to 90 percent fruitful laterd buds.
The tree legfs about the same time as does “Payne.” Many other characteristics are d'so similar to
“Payne,” including its susceptibility to codling moth and blight. “Ashley” requires condstent, heavy
pruning in order to remain vigorous.

Sunland (UC66-4)

"Sunland” isaUnivergty of Cdiforniavariety, developed as a cross between “Lompox” and
“H-159568." Although not well established, this variety has the potentia to produce high to very high
yidds. It leafstwo days after “Payne,” and “Chico” and “ Tehama' can serve as pallinators. “ Sunland”
has 80 to 90 percent lateral bud fruitfulness. Thisvariety produces avery large nut, and harvesting isin
mid- to late-season. Y oung trees are very vigorous, with tree size smilar to the “ Payne’ variety.
“Sunland” should not be planted in areas where late Soring frost or blight are problems.

Chico (UC56-206)

“Chico” isacross between the “ Sharkey” and “Marchetti” varieties, and 80 to 90 percent of its
laterd buds are fruitful. “Chico” leafstwo days after “Payne.” Because“Chico” blooms early and
sheds pallen late in the season, it crosses very well with early bloomers such as“Payne’ and “Serr.” It
is planted mostly as apollinator for early leafing varieties, but can aso be avery good main variety in
mogt aress of Cdifornia. “Chico” produces asmal nut, and heavy pruning is necessary to maintain nut
gze. Thetreeissmal and shgped smilarly to “Payne,” but is upright. “Chico” iswell adgpted to a
hedgerow planting or to a closely spaced planting.



Vina (UC49-49)

“Vind' isacross between the “Franquette’ and “Payne’ varieties. It has 80 to 90 percent
laterd bud fruitfulness, and leafs 7 days after “Payne.” Acceptable pollinators include varieties that
shed pollen in mid-season such as“Chico,” “Tehama” “Howard,” and “Chandler.” Harvest isearly to
mid-season. “Vind' trees are smdl-to-medium in size, and shaped smilarly to “Payne” Thetree's
vigor is moderate to good, and pruning is necessary to maintain itsvigor and nut size. Although “Vina’
exhibits fewer blight problems than “Payne’ or “Ashley,” under poor conditions this disease can be a
problem. “Vind' isapopular variety in many walnut-producing areas in Cdifornia

Tehama (UC58-11)

“Tehama’ is across between “Waterloo” and “Payne,” with 70 to 80 percent of itslaterd buds
bearing fruit. Thisvariety leafs 11 days after “Payne,” and is harvested in mid-season. Its treesare
large, upright, and have good vigor. “Tehama’ was primarily planted in the past as a pollinator, and
few acres presently are planted to this variety.

Amigo (UC56-226)

“Amigo” isacross between “ Sharkey” and “Marchetti,” and is very fruitful, with 80 to 90
percent of itslaterd buds bearing fruit. “Amigo” lesfs 12 days after “Payne.” Its harvest isearly to
mid-season. “Amigo” has been planted as a pollinator to “Hartley,” dthough few trees have been
planted in recent years.

Howard (UC64-182)

“Howard” is across between “Pedro” and “UC56-224.” It has the potential to be very
productive, and 80 to 90 percent of itslateral buds are typicaly fruitful. Thetree leafs 15 days after
“Payne” Possble pallinators include “ Scharsch-Franquette” and “UC66-178." Harvest ismid-
season, dightly ahead of “Hartley,” and tree Sze is smal to medium and semi-upright with moderate
vigor. “Howard” issmdler than “Vina’ and “Chandler,” and may be used in hedgerow plantings.
Because it islate leafing, “Howard” exhibits fewer blight problems than other varieties.

Pedro (UC53-113)

“Pedro” is a cross between “ Conway Mayette” and “Payne.” It blooms early in the season and
was introduced primarily as a pollinator. “Pedro” leafs 18 days after “Payne,” and is highly fruitful, with
80 percent of itslatera buds bearing fruit. Harvest is mid- to late-season. When high temperatures
occur, shell and kernel quaity may be inferior to other varieties.
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Chandler (UC64-172)

“Chandler” is across between “Pedro” and “UC56-224.” “Chandler” leafs 18 days after
“Payne,” and 80-90 percent of its lateral buds are fruitful. Possible pollinators for “Chandler” include
“Scharsch-Franquette’ and “UC66-178." Harvest is mid-season. Thetree Szeislarger than
“Howard,” and it is moderately vigorous and semi-upright. “Chandler” may experience fewer blight
problems than other varieties because it islate leafing. “Chandler” has become a popular variety
because it has high nut qudity and minimal insect and disease problems. It aso produces large, light
kernds, making it an excellent shelling variety that cracksinto halves easily. A drawback, however, is
its tendency towardstip shrivel on the kernel.

Rootstock

Most of the walnut trees planted in San Joaguin County, and about one-half of the treesin
Kings and Fresno counties, are on “Paradox” rootstock, which is highly recommended because of its
vigor. “Paradox” is nematode tolerant and phytophthoraresstant. In some areas, however,
“Paradox” may lead to early crowding, and may require tree remova before costs are recovered. The
trend in the early nineties has been to plant “ Chandler” on *Paradox” rootstock throughout most of
Cdifornia

Despite this trend, northern Cadifornia black walnut is the most common rootstock used in
exising orchards. It produces asmaller tree than “Paradox,” and is recommended in Stuations where
blackline disease is epidemic. Some growers intersperse northern Cdifornia black walnut stock in
between their “Paradox” plantings because they know the black walnut tree will grow more dowly. As
aresult, they can keep it in their orchard longer before it becomes necessary to remove it for thinning
(Univergity of Cdifornia, Agriculturd Issues Cente).

Propagation and Planting

The most common propagation method for walnut trees is grafting or budding on seedling
rootstock. Presently, researchers are experimenting with the rooting of cuttings to produce clona
rootstock and own-rooted cultivars.

Standard tree planting distances are about 30 feet gpart both within arow and between the
rows, resulting in about 48 trees per acre. High densty planting involve the spacing of trees 24 feet
gpart, resulting in about 76 trees per acre.  Hedgerow plantings space trees about 11 feet apart within
arow, and 22 feet gpart between rows, resulting in about 180 trees per acre.

After planting, tree trunks are treated with white, water-based paint to protect the trees from
sunburn. In addition, new trees are topped soon after planting in order to encourage trunk
development. Regular pruning begins during the winter months of the tree’s second year. Thetreesare
trained to grow with amodified centra leader. 1n the second year, about 2 trees per acre under
gtandard planting conditions will need to be replaced. In the third year, one tree per acre istypicaly
replaced (Ramos).

56



Cultivation and M anagement Practices’

Walnut trees need, deep, well drained, fertile soil, and produce the highest yields in warm,
temperate climates. The trees have the greatest vigor when rain is minima during the growing season
because of their susceptibility to blight. Under such conditions, however, irrigation is a necessty.

Climae

Cdifornia slong, warm, dry summers and mild winters are Smilar to the native habitat of the
English wanut. Consequently, the Mediterranean strains easily adapt to Cdifornia growing conditions.
Varieties grown in Cdifornia are able to withstand winter temperatures as low as 12-15° F without
seriousinjury. Indeed, the wanut-growing areas of Cdifornia are limited more by insufficient winter
chilling than by cold tolerance.

Chilling requirements vary by variety. The commercid varieties that dominated the former
industry in southern Cdifornia, for example, had low chilling requirements and were adaptable to mild
winters. In contragt, the walnut varieties imported from France into northern Cdifornia, the magjor
vaieties planted today, have ardatively high winter chilling requirement. If the sufficient number of
chilling hours are not met, bud opening can be serioudy ddlayed and blooming will be uneven, resulting
in apoor crop and branch dieback (Universty of Cdifornia, Agricultura 1ssues Center).

Fettilization

For optimd growth, wanut trees need sufficient amounts of various nutrients, including:
nitrogen, zinc, boron, chloride, potassium, manganese, iron, magnesium, phosphorus, and copper.
Deficienciesin any of these nutrients usudly affect growth of the leaves and nut production. In severe
cases of deficiency, however, the trees health can be harmed (Ramos). The following paragraphs
discussion deficiencies by type of nutrient:

C Nitrogen--Nitrogen is the mgor nutrient required for proper tree growth and optimum nut
yidds. Application of nitrogen in orchards iswidely practiced, and deficiency symptoms are
rarely found.

C Zinc--Zinc deficiency is prevaent in the sandy soils of the San Joaguin, Sacramento, and
southern Cdliforniainterior valeys. Deficiency symptoms gppear early in the season, especidly
if severe. Thefirst evidence of zinc deficiency is delayed bud opening, which can be retarded
by up to amonth aong the distal ends of the shoots. When the buds do open, the leaves are
gamall, chlorotic, and appear in tufts, giving them the term “little leef.” In severe cases, dieback
can occur.

5 For cost of production budgets, see the appendix.
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Boron--Boron deficiency tends to be found in the Serra Nevada foothills and sometimesin
Lake and Mendocino counties. Boron deficiency resultsin stunted trees that have weak shoot
growth, and the tree tends to have a bushy appearance. Leaves often are chlorotic and
misshapened, and are sometimes reduced to small, bractlike forms. In severe cases, termind
dieback occurs. Boron toxicity, on the other hand, is becoming more common. Symptoms
appear in mid- to late-summer, after enough boron has been accumulated in the leaves to cause
injury. Firg, the tips and then the margins of leaflets become necrotic. In severe cases, the
necrotic tissue progressesinto the intervenia areas, and the margins of the leaflets curl upward.
Every leaf on the tree can be so severdly scorched that the tree appears asiif it has been injured

by fire.

Chloride--Although chloride deficiency is not found in the field, excess chloride gppears as an
occasona problem. Excess chloride resultsin termind and margina necrosis of the legflets,
with symptoms gppearing in mid-summer and progressively becoming worse with time.
Chloride toxicity is difficult to distinguish from boron toxicity, sSince both produce asmilar
scorched pattern. Many trees observed with high chloride have dso contained high levels of
boron. Leaf andys's can determine which dement isin excess, whileirrigation water should be
tested if an excess of ether nutrient is suspected.

Potass um--Potassum deficiency is present in many growing aress, including the Chico areg,
the southwestern part of the Santa Clara Vley, some sandy soilsin the San Joaquin Valley,
and some soils in Santa Barbara County. When potassum is deficient, the leaves begin to
show symptomsin early- to mid-summer, becoming pale, with the edges folding upward and
curling inward. Nut size will aso be reduced.

Manganese--Manganese deficiency tends to be found in the coastal and semi-coastal aress of
Ventura, Santa Barbara, and southern San Luis Obispo counties, with scattered cases
esawhere. Symptoms begin appearing early- to mid-summer, including chloross, which
devel ops between the main latera veins and extends from the mid-rib to the margin. The
chlorotic pattern produces a*“herringbone” effect. Only in severe cases will the leef Sze be
smaller and nut yields reduced.

Iron--Iron chlorosis occursin the coastd regions of Ventura, Santa Barbara, and San Luis
Obispo counties, with scattered cases elsawhere. When excessiron is present, the leaves
become chloratic early in the season, with the entire leaf assuming a uniform yellow color.
Termind leaves tend to be affected more than basd leaves. In severe Stuations, chlorotic
leaves may develop scorch and abscise from the tree. Iron chlorosis symptoms frequently are
associated with cacareous soils (lime-induced chlorosis) or with heavy, poorly-drained soils.

Magnesum--Magnesium deficiency is often associated with low pH soils, such as those along
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the Serrafoothills or in the north coastd areas. Symptoms appear in mid- to late- summer,
after considerable shoot growth. Basal leaves, especialy those on vigorous shoots, begin to
show adigtinct chlorotic region at the gpicd and laterd margins of the lesflets, eventually leaving
an inverted “V” -shaped area dong the basal part of the mid-rib. As the season progresses, the
chlorotic areas dong the margin become necrotic and dark brown in color.

C Phosphorus--Phosphorus deficiency is mostly found in rocky, volcanic soilsin arestricted area
near Clear Lake (in Lake County). When this deficiency is present, the trees usudly show very
week growth and have sparse foliage with smdler-than-normal leaves. Leaves are ydlow and
develop necrogisin irregular aress, followed by early defoliation.

C Copper--Copper deficiency has been found in scattered areas. Symptoms tend to appear in
mid-summer, with scorch developing on the leaves near the tips of shoots. Defoliation tends to
occur later in the season, dong with adight shriveling of the shoots. Small dark brown spots
gppear on the shoot near the tip, and termina dieback then occursin late summer. When
copper deficiency is present, the nut kernels are often badly shriveled.

Irrigation

Cdiforniawanut orchards areirrigated for optimum nut yields. Walnut trees are planted on a
wide range of soil types, and have the capacity to store and supply anywhere from 15 to 50 percent of
seasona water demand. Irrigation water is necessary to supplement this water, aswell asto maintain a
favorable salt balance. Irrigation is aso used for frost protection.

Severa methods of irrigation are used in walnut production. FHood (or border) irrigation
requires level ground (with not more than 1 percent dope), where reatively large flows of water are
available. Furrow irrigation is another form of gravity irrigation, and is used on lands with no more than
a2 percent dope. Sprinkler irrigation and drip irrigation are also used (Ramos).

Harvesting

Walnut harvesting occurs between early September and mid-November, when the rubbery
green hulls of the nut begin to split.  Nuts are harvested by machines that shake them from the trees.
Once harvested, walnuts are typicdly taken to collecting stations where they are hulled, washed, and
dried. They arethen ddivered to the find handler, where they are weighed, sized, inspected, and
processed further. Quality standards for the harvested nuts are determined by the Walnut Marketing
Board. About 50 percent of the Cdifornia crop is handled through Diamond Wanut Growers, with the
other 50 percent handled through many independent handlers.

Production Perils

Severd production perils affect walnut trees, and are smilar to those affecting other nut trees.
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Excessive cold can be a problem, as can late spring rains. Also, wanut trees can be plagued by funga
and bacterid diseases.

Excessve Cold

In early spring, when walnut trees begin their growth, leaves, shoots, blossoms, and nuts can be
eadly killed by temperatures that drop below freezing. This danger is usudly restricted to mountainous
and locdized low-lying areas, and can be mitigated by choosing varieties that are late lesfing, such as
“Hartley” and “Franquette.” Because of the climate, however, oring frosts are one of the limiting
factors to walnut production in areas such as the Sierrafoothills and Lake County. Autumn frosts dso
limit the range of walnut production areas (Universty of Cdifornia, Agricultura Issues Center).

Late Spring Rains

L ate soring rains encourage the development of walnut blight. Early legfing varieties are prone
to damage, particularly when grown in the higher rainfall areas of northern Cdifornia, and epecidly in
yearsthat dso have late spring rains.  Because of this problem, many early lesfing varietiesin the
Sacramento Vdley have been replaced with later varieties that tend to escagpe infection (University of
Cdifornia, Agricultura 1ssues Center).

Apoplexy

The cause of gpaplexy is unknown, dthough it is associated with the combined effects of hot
weether, irrigation, and nitrogen fertilization. Apoplexy kills both large and small trees, and tendsto
quickly cause the decline and death of trees once they are affected. Apoplexy appeared more
frequently in the 1980's than it does today.

Diseases
Diseases thet affect the life or the vigor of awanut treeinclude: vira diseases, such as
blackline; fungdl diseases, such as Armillariaroot and crown rot, and Phytophthora root and crown rot;

and bacteria diseases, such as deep bark canker.®

Blackline Disease

Blackline disease isa serious, infectious vird disease of English walnut trees propagated on
northern Cdlifornia or “Paradox” rootstock in Cdifornia s commercia orchards. The disease appears

6 Thefollowi ng discussion of diseasesis based on discussions with Ramos, and publications from the
University of California, Agricultural Issues Center.
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as far north as Tehama County and as far south as Tulare County. The highest incidence and most
serious damage occurs in coastal walnut growing areas and in the lower Sacramento and upper San
Joaquin valleys.

The above-ground symptoms of blackline disease are Smilar to those caused by other soil
pathogens, nutrient deficiencies, and improper culturd practices. The first symptoms to gppear are
poor termina growth, followed by yellowing and drooping leaves, then premature defoliation,
particularly in the top part of thetree. Asthe disease progresses, the trees exhibit various degrees of
dieback and general decline. Profuse development of sucker shoots from the rootstock is a good
indication that awalnut tree may be affected by blackline, dthough sprouting doneisnot an infdlible
diagnoss.

Postive diagnosis of blackline disease requires careful examingation of the graft union, with
infected trees showing small cracks in the bark at the union. Removing asmal patch of bark may
revea anarrow grip of darkened cambium and phloem tissue, and a blackline (hence the name) at the
junction of the rootstock and the scion. Inits early stages, this blackline is not continuous and severd
patches may need to be removed to find the line. Eventudly, blackline extends around the union and
girdies the tree completdly, resulting in the death of the scion top, usudly 2 to 6 years after the girdleis
completed.

The blackline virus infects the English scion, but not the northern Cdifornia or “Paradox”
rootstock of atree infected with blackline. The virus can be present in the English walnuts bark,
leaves, nuts, catkins, and pollen. It spreads through the scion rlatively dowly, depending on the
cultivar, climatic conditions, and physiological sate of the tree. 1t can be spread from tree to tree
through pollination, aswell as by grafting or budding.

The mogt effective control for blackline disease involves usng graft- or bud- wood only from
hedlthy trees, and blackline virus-free English walnut trees should be used for propagation. The
problem, however, isthat infected trees are often symptomless. Asaresult, graft- or bud-wood that
might appear to be healthy may adready be infected.

Armillaria Root and Crown Rot

Armillariaroot and crown rot (Armillaria mellea) aso is called “oak root fungus disease,”
“shoedtring root rot,” and “mushroom root rot.” 1t is caused by a soilborne fungus and affects many nut
and fruit crops, forest trees, shrubs, vines, and herbaceous plants. The fungus infects the roots, crown,
and basdl trunk of wanut trees. Early symptoms include poor termina growth, smdl chlorotic leaves,
premature leaf drop, and dieback of termina shoots. Commonly, only one side of the tree
corresponding to the infected Sde of the root system or crown may show these symptoms. Eventually,
the disease destroys the entire root system and/or may completely girdle the lower trunk, killing the
tree. Infected walnut trees may show decline for 2to 5 years before death. 1n anewly infected
orchard, a single tree may be infected or there may be severd sites of infection. The disease then
Soreads in acircular manner, infecting adjacent trees.

If the fungusis present in an orchard, losses from Armillariaroot and crown rot can be
minimized through soil fumigation prior to planting and the use of resstant rootstock, such as northern
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Cdifornia black wanut.

Phytophthora Root and Crown Rot

At least 14 different species of Phytophthora, a soilborne fungus causing root and crown rot,
are known to infect Cdiforniawanut trees. In the early stages of infection, the tree exhibits poor
termind growth, accompanied by small, chlorotic, and drooping leaves. Asit progresses,
the disease causes the tree to show sparse foliage and dieback of termind shoots. Infected trees may
decline dowly over severd years or may collgpse and die in the same growing season asthe firdt foliage
symptoms appear. Therate at which atree succumbs to Phytophthora depends on the species of
Phytophthora, the soil type, the climatic conditions following infection, and the age of the infected tree.
The tree dies when massive infection and destruction of the entire root system occur, or when the
crown is completely girdled. Generdly, atree affected with crown and root rot dies faster than one
infected with only root rot.

To control Phytophthora, soils should be fumigated with methyl bromide before planting a
walnut orchard. Fumigants, however, cannot eradicate Phytophthora from heavily infected soil, and
fumigated sites can become reinfected. The use of “Paradox” as arootstock is suggested in
Phytophthorainfected areas because it is the most res stant among the walnut rootstocks. Careful soil-
water management aso helps control the spread of the disease.

Deep Bark Canker

Deep bark canker is caused by the Erwinia rubrifaciens bacteria, and belongs to the same
taxonomic group as the fire blight organism. This canker causeslarge, longitudind cracksin the bark of
the trunk and in scaffold branches. These cracks are many times longer than they are wide because the
bacteria advance more rapidly verticaly than horizontaly. During late spring through early fdl, a
reddish-brown to dark brown plant sap oozes from these cracks, giving the cankers ableeding
appearance.

Walnuts are highly susceptible to degp bark canker infection from April through October, and
are dmog resgtant to infection during the winter. During fal harvest, the shaking machinery can cause
wounds that serve as entry sites for the pathogen. The wounds may remain susceptible to infection for
up to 10 days after harvest.

The canker ismainly a problem in the San Joaguin and Sacramento vdleys. The “Hartley”
vaiety isthe most susceptible wanut cultivar, but “Payne,” “Ashley,” “Eureka,” “ Franquette,” and
other varieties are dso infected occasondly. The disease does not kill walnut trees. In combination
with diseases such asroot rot or crown gall, however, it may contribute to gradua decline of the tree
and eventud degth.

There are no chemicals that have been found to control deep bark canker. Good cultura
practices, such as water management to improve the vigor of the tree, are important for reducing
spread of the disease and improving the chances of recovery once the tree is infected.
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Crown GAll

Crown gdl is caused by the Agrobacterium tumefaciens bacteria, and affects many species of
plantsincluding walnut trees. The “Paradox” hybrid appears exceptionadly susceptible. When this
disease is present, the most obvious symptoms are gdl formations, which range in Sze from minute to
severd inchesin diameter. The galls are undifferentiated, disorganized, and spongy in texture, and
develop on the crowns and roots. Eventudly, the centrd portions of the gdls die, leaving a cavity
inhabited by wood-rotting fungi and other decay organisms. Those trees that are severdly girdled by
crown gal often become stunted. Girdling is a serious problem only when the infection occurs early in
the treg' s life and affects most of the crown area. Research suggests thet the tre€'s productivity aswell
as its growth are reduced once most of the crown region is girdled.

The crown gall bacteria enters the plant through wounds. Disease inception often occursin
nurseries where there are numerous opportunities for infection to occur. Preventing injury isthe best
way to prevent the disease. The benefits of chemical pesticides in controlling crown gdl are
questionable.

Branch Wilt

Branch wilt is caused by the fungus Hender sonula toruloidea, and can infect al wanut
cultivars. “Franquette’ and “Mayette” are the most susceptible. Symptoms first occur in mid-summer,
when leaves on infected branches suddenly wilt, die, and remain attached to the tree. By the end of
summer, one or more dead branches with attached leaves are intermingled with hedthy brancheson a
tree. Large scaffolds sometimes are killed, and the dead wood and bark of the branch turn dark brown
to black. The outer corky layer of tissue cracks and peels away, reveding patches of sooty black
Substance.

The branch wilt fungus developed most rapidly at high temperatures, and must enter the host
tree through awound. When temperatures fluctuate (do not stay congtantly high, asin most fieds),
sunburn on the tree is necessary for the fungus to infect the tree. As aresult, the disease is most
prevaent in locations providing the greatest opportunity for sunburn, such as the southwest side of a
tree, and on trees on the orchard’ s south or west edges. Because there are no chemical trestments for
this disease, only good cultura practices can prevent or reduce its incidence.

State Analyses and Demand for Insurance
California
Cdiforniais the mgor nut-producing sate, producing virtudly al the dmonds, pistachios, and

walnuts produced in the United States. While production takes place throughout the state, orchards
are mostly located in the centrd valey area.
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Production Perils

Irrigation is used in dl mgor commercid orchards in Cdifornia, which hdps dleviate the
damage that the trees might otherwise incur due to drought, excessive heet, and frost. There have
been, however, instances where wegather has caused severe damage or death to trees, and various
diseases and disorders aso can pose significant perils.

As an example, dmond trees can suffer from bud failure or “crazy top,” particularly in very hot
summers. When atree experiences bud failure, buds will not develop the following



year. While bud fallure does not kill the treg, it renders the tree unproductive in future years. The
cause of bud failure is unknown, and it only randomly affects treesin an orchard (Freeman).

Hooding has been a problem for nut growers in recent years. Depending on the time of year
and the specific conditions, flooding affects trees differently. In extreme cases, flooding can prompt
tree death due to severd factors. If the tree becomes waterlogged, the roots cannot get enough oxygen
and suffocate. Funga diseases, such as Phytophthora, are favored by wet weather and, in combination
with stress caused by flooding, can result in the death of the tree. Also, heavy winds can more easily
blow the tree over because root systems are not well anchored in saturated soils. In generd, if the trees
are dormant, they can withstand flooding for longer periods of time than during the growing season.

Because they are shallow rooted, dmond trees are particularly susceptible to saturated soil
conditions, epecidly if the treeisloaded with nuts and high winds are present (Freeman; Sibbett;
McGranahan). Other types of nut trees are also susceptible. In 1996, extreme flooding affected
walnut treesin the flood plains around Y uba and Sutter counties. Levies broke and many trees were
uprooted. For the remaining trees, the effects of flooding took severa yearsto gppear, with the trees
remaining productive in the interim. Walnut trees are dow to react, and can take 2 to 3 years before
the actud effects of flooding become apparent (Hasey).

Freezing weether can also be aproblem in Cdifornia. Freezing temperatures that occur early in
the season, before the trees acclimate to cold temperatures, can retard the growth of nut trees. In
addition, winter temperatures below certain critica temperature (varying with the type of tree), can kill
the tree.

Severd diseases exist that can kill nut treesin Cdifornia. Because resstant varieties are
available, amond producers do not experience great losses due to diseases. In contradt, pistachio
growers south of Bakersfield must be careful not to plant where Verticillium wilt is present in the soil,
because tree desth may result. Although some varieties have greater resistance than others, none are
totaly resstant to thisdisease. Verticillium has been the mgor source of mortality in pistachio trees
(Ferguson). For wanut trees, blackline and crown gdl can be aproblem. Crown gdl isaproblem for
trees until they are about seven yearsold. Growers are not dways aware of the presence of crown
gall because it may take severd yearsfor the disease to appear. While the diseaseislikely to be
present in seedlings, not dl nurseries are willing to replace infected trees.

Demand for Crop Insurance

Severd farm advisorsin Californiafelt there would be interest in crop insurance for nut trees,
especidly in areas where flooding and strong winds are likely to occur. Growers may aso be
interested because of the number of diseasesthat can affect different trees. Many years are often
required before a disease becomes apparent and, in many cases, there are no rootstock that are totally
tolerant to adisease. Growers may also want crop insurance for their trees because they may aready
have coverage for the crop and want to cover their investment in the tree as well.

While farm advisors indicated interest in crop insurance for nut trees, their enthusiasm was
much greater for crop coverage. They indicated that cost would be a key factor in
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determining whether or not a grower would purchase crop insurance for atree (versus the nut crop),
since the incidence of losses are less frequent for trees.

The Farm Service Agency (FSA) administers the Tree Assstance Program (TAP), which
provides growers with financia assistance for the replacement, remova, or uprighting of damaged trees.
Few TAP payments have been made in Cdifornia. In Sutter and Y uba counties, flooding has caused
walnut tree losses, for which qudifying growers received TAP payments. Excessveransin the mid-
1990's in Fresno County resulted in TAP payments in Six Stuations, which helped cover the costs of
tree removal, Site preparation, and replanting costs for seedlings. Among those payments, assistance
was provided for the replacement of entire orchards aong the San Joaguin River (Schoonhoven). In
Sutter and Y uba counties, TAP provided financia assstance for tree remova and replacement due to
flooding and excessive rainsin 1993 and 1994 (Navdeep).

FSA officidsindicated that there would likely be demand for crop insurance coverage for nut
trees. While instances like the 100-year flood that occurred in the early 1990'sis unlikely to occur
soon, other severe weather-related perils--such as a hard freeze--may arise that necessitate assistance.
In addition, it is difficult for growersto qudify for TAP (Schoonhoven).

Georgia and Other Southern States

Georgiais one of the mgor pecan-producing states, accounting for one-quarter to one-half of
the nation’s pecan crop. Most of the production is from improved varieties, athough Georgiadso
accounts for the largest share of native (seedling) pecans. Most of Georgia s acreage is concentrated
around Albany, where pecan production has replaced cotton, and in Dougherty, Mitchell, and Lee
counties.

Production Perils

Scab is perhaps the most important disease affecting pecans. It is particularly difficult to
address, as older cultivars lose their resstance over time, and new cultivars must be introduced.  This
isalengthy process, as breeding new varieties requires about 25 years. The creation of new varieties,
however, isthe only way to perpetuate pecan production east of the Missssippi River. In addition to
scab, other diseases dso affect nut trees in the South. In particular, the humid Southern climate
provides the perfect environment for fungal diseases, such as shuck decline, which can kill nut trees.

Westher factors dso affect pecan production in the South. Pecans in Georgia, northern
Missssppi, and Alabama are likely to experience freezing temperatures that can kill treesif occurring
ealy inthefdl. Inaddition, ice sormsin these areas can break the limbs of nut trees, and possibly
destroy the tree’ s canopy. When severe damage occurs, the tree may be rendered unproductive and
remova may berequired. Ice sorms are one of the few westher-related perils that have destroyed
entire pecan orchards.

Hurricanes are aso a problem throughout the South, particularly for orchards within 150 to 200
miles of the Gulf Coast. The pesk hurricane season isin August and September, when the crop is
heaviest on the trees and, thus, when high winds are likely to cause the greatest damage. Hurricanes,
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like ice sorms, can destroy an entire orchard, athough such severe Stuations are fairly uncommon
(Wood). Tornados and thunderstorms, which are common in the South, are often accompanied by
heavy winds and lightning. Older trees are often very tdl, and are more likely to be hit by lightning than
smaller trees. The damage from thunderstorms is more likely to occur around the borders of an
orchard, and not affect dl trees in the orchard to the same extent.

Demand for Crop Insurance

Pecan growers in Georgia, northern Mississippi, and Alabama are beieved to have afairly high
demand for crop insurance to cover their nut trees. The demand for nut tree insurance is, however,
thought to be less than the demand for insurance of the nut crop. Many orchards that are producing
commercid pecan crops were planted in the 1800's, and some native trees are much older.

Weather can play amagjor factor in pecan production, and the effects of poor weather can
cause atree to become nonproductive for many years, especialy if the tree' s canopy isdamaged. In
some cases, the tree may be rendered usel ess because a new tree could be planted and become
productive by the time the damaged tree again becomes productive. This Stuation might creste a
specid case for crop insurance covering pecan trees. The tree may till be dive but not produce a
commercid nut crop. Growers might be interested in specia provisions that would cover the tree for
severd years until the tree returnsto its former productive capacity.

FSA agentsin Georgia s mgjor pecan-producing counties, and in Mobile, Alabama do not
recal TAP payments for loss of pecan trees. In Dougherty County, the agent recaled only one TAP
payment, which provided assistance for uprighting and stabilizing trees in a pecan orchard (Pamer).

Texas

Texasis the second largest pecan-producing state. Most of its pecan trees are improved
varieties, with about one-quarter to one-third of the crop (depending on the year) originating from
native varieties (USDA, NASS). Production is concentrated in central to southeastern Texas and in the
El Paso area. The heavy concentration of orchards in these areas dates to the 1960's and 1970's, and
was stimulated by tax opportunities. Once the tax laws were changed in the 1980s, the rate of
plantings declined (Pena). Most of Texas pecan production isirrigated.

Production Perils

The arid climate in central and western Texas, aswell asin New Mexico, Arizona, and
Cdifornia, requires that pecan growersirrigate their orchards. The soils in these areas tend to be high
in boron and sodium, however, and irrigation tends to increase the levels of these chemicas. In high
doses, boron and sodium are poisonous to the pecan’s root system and can kill the roots.

In addition, fungal diseases, severe freezes, and severe sorms can aso be problems for pecan
growers. Pecan trees in the western states are susceptible to cotton root rot fungus, for example,
particularly in areas where orchards were planted in former cotton fields. Severe freezes can dso kill
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pecan trees, especidly if they occur after mild weather. Heavy storms have been known to cause limb
loss, affecting the productivity of the tree (Pena).

Demand for Crop Insurance

The lack of mgor perils affecting pecan treesin western production areas would probably limit
the demand for crop insurance among growers. Those growers, however, located in areas where
heavy storms are likely to occur would likely have the grestest interest, Since these storms can destroy
entire orchards. According to FSA agents in Gonzaes, Guadaupe, and El Paso countiesin Texas,
TAP payments have not been made for |osses to pecan trees.

Oregon

Oregon isthe mgjor hazelnut producing sate inthe U.S. Almogt dl of the dat€’ sacreage is
concentrated in the Willamette Vdley, where mild temperatures provide an ided environment for the
hazelnut tree.

Production Perils

Eagtern Filbert Blight (EFB) isthe mgor problem affecting the hedlth of the hazelnut tree. This
fungus crestes the most serious damage in the northern third of the Willamette Valley. It isaperennid
canker that girdles the branches and then the trunk of the tree, and orchards infected with this disease
can die off in 7 to 10 years. While good management practices can often control the disease, such
practices tend to be very costly and uneconomica. Usudly, EFB infestation results in abandonment of
the orchard. Other diseases and insects are relatively easy to control and do not pose a serious threat
to hazelnut orchards.

Adverse wegather is not generdly a serious peril for hazelnut growers. Hooding is usualy not
serious, and typicaly occurs when the trees are dormant, producing only minima damage. In addition,
orchards are often planted on high ground, where flooding islesslikely to occur. Cold snaps that have
hit the area have produced damage and, when such conditions occur, about haf of the trees were able
to recover. Affected trees have, however, shown a greater tendency toward aternate-bearing. Ice
storms occasiondly break branches on the trees, dthough the damage istypically not so serious asto
require tree replacement (Mehlenbacher, 1997b).

Demand for Crop Insurance

The hazenut extenson specidist in Oregon did not believe that demand for crop insurance for
hazelnut trees would be sgnificant. The greatest demand would likely emerge from growers most
concerned about Eastern Filbert Blight, since the disease can kill an entire orchard in 7 to 10 years.
Hazelnuts are hardy and are grown in amild environment, and many growers are believed not to be
very interested in obtaining insurance only for the trees (Mehlenbacher, 1997b).
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There have been few requests from hazelnut growers for TAP assistance in Oregon. In
Josephine County in southern Oregon (which is not one of the magor hazelnut counties), one grower
requested assi stance due to flooding of hazelnut trees in an area near the Rogue River.

Nut Tree Crop Insurance mplementation I ssues
Adver se Selection

Adverse selection should not arise as amaor issue in developing insurance programs for tree
nut growers. Growerswould be unlikely, for example, to select arootstock non-resistant to diseases
for severa reasons. Firdt, several years are required for anut tree to produce a crop and for the
grower to recelve areturn on hisor her investment. Second, in most cases, tree losses due to disease
can take years to occur, and it would be costly to growers to purchase and maintain the land until that
time.

Adverse sdlection based on location site could, however, be an insurance issue if premium rates
are not estimated accurately. Planting an orchard in a soil type unsuitable for the crop, such as planting
pecans in shalow soil with low water retention, could have adverse affects on the orchard during a
drought year. Also, planting pistachios on land that is known to have verticillium wilt could also been an
ingtance of adverse selection. Nut tree plantings in areas where hurricanes are more likely, such as
aong the Gulf Coast, may aso be encouraged if growers knew they would have insurance to reimburse
them for losses. In the case of dte selection, it may take severd years before tree damage occurs. In
the meantime, growers could receive output from their trees and, under adverse conditions, also receive
insurance payments for losses.

Setting Reference Prices

The replacement cost for lost trees would need to be estimated based on the trees age,
location, and variety. The treg's vaue increases as the tree reaches full productivity, and in some cases
may decline overtime. Vdue dso increases for certain varieties of a specific nut which may have a
higher vdue in the marketplace than other varieties. Also, location may affect atree' s productivity and
therefore, may need to be taken into account when setting a reference price for tree replacement.

Egtimating “ Appraised Production”

Egtimating appraised production may not be that difficult for nut trees except native variety
pecans. The centraized location of most nut production and the dominance of certain varieties helps
establish atreg’ s potentia productive capacity. Pecans, however, vary by location and variety.
Improved variety trees are more uniform and the estimation of value per tree or acreiseaser to
edtablish than for native (seedling) varieties. With native varieties, plantings are more varied and each
individud treeis dightly different from the other.
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An issue with estimating “ gppraised production” is whether atreeis sdvageable or
unproductive from an economic standpoint. With different management techniques, some growers may
be more willing to salvage damaged or windblown trees than other growers who may not find it
economicaly viableto do so. This Stuation makesit difficult to determine when a grower should
receive an indemnity for temporary damage or atotd loss.

Moral Hazard

Mord hazard may become an issue in the presence of tree diseases. Diseases usually take
severd years to become gpparent, and even longer to kill atree or render it unproductive. A grower
who knows that his or her orchard has diseased trees might be interested in obtaining crop insurance
once the disease has been diagnosed, even though no previous interest in insurance was expressed and
the trees are as of that time gtill symptomless.

The type of irrigation system crestes another moral hazard potentid. Orchards with sprinkler
or flood irrigation systems have a higher incidence of fungd infection than those with alow-angle or drip
system because sprinkler water that comesinto contact with the tree initiates production of blight
spores. It may be desirable to limit coverage to resistant rootstock and fields with low-volume
irrigation systems to avoid insuring orchards prone to fungal diseases.

Other Implementation | ssues
The Risk Management Agency might congider requiring mandatory ingpection of tree nut
orchards before participation in an insurance policy, in order to ensure that no seriousinsect or disease

problems exist. Thiswould benefit the agency because, a present, most serious losses due to insects
and disease can be managed.
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