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The ecosystems of much of the Gulf Coast Coastal Plain and
adjacent regions of the United States have been exposed to two
important natural events nearly every year. One is the occurrence of
hurricanes-the Spanish version of “huracan,” a word apparently
adopted from the Taino Indians of Haiti to describe the “evil spirit of
thewind” (i.e., typhooninthewestern Pacific Oceanand cycloneinthe
Indian Ocean) (Dunn, 1964). These storms are vertically deep (=16
km) atmospheric vortexes with a broad diameter (=120-480 km ),
violent, cyclonicwhirl of air movingat speeds=120km-h= (Trewartha,
1968). The other event is the ripening of pecan nuts—pi-‘kan, a
Natchez Indian term for the nut of Caryaillinoinensis (Wangenh.) K.
Koch (McHatton, 1957). The autumn nut ripening was so important to
pre-Columbian aboriginal inhabitants that great numbers of Native
Americans in Texas, and probably other areas as well, migrated, to
camp for long periods along pecan-studded riverbanks and flood
plains to harvest nuts for food and trade (Celiz, 1935). Thus, both
pecan and hurricanes had a significant effect on the aboriginal inhab-
itants of the Gulf Coast Coastal Plain and adjacent regions, and
continue to do so today.

The ability of hurricanes to damage ecosystems is obvious, and
thereisamultitude of published studies on various aspects; however,
the nature of recovery is poorly studied for most components and
subsystems. Similarly, little or no attention has been devoted to the
effect of hurricanes on the domesticated pecan subsystem, the nature
of recovery by affected trees and orchards or the future threat of
hurricanes to the pecan industry. Unfortunately, almost all existing
knowledgeregarding recovery of treesand orchardsisanecdotal. This
articlereviewswhat littleinformation is available regarding recovery
of pecan following hurricanes striking the Gulf and Atlantic Coasts of
North America, and briefly addresses their past and future impact on
the pecan industry.

HISTORIC IMPACT

Notable losses

The southeastern sector of the U.S. pecan industry has been
plagued by hurricanes since its birth in the late 19" and early 20™
centuries. Most notable among these is the near elimination of pecan
production in Mississippi by a single storm, hurricane Camille—a
meteorological Armageddon, the second most i ntense hurricaneto hit
the United States in recorded history (Longshore, 1998). It was a
tightly coiled storm of extraordinary intensity and of raremeteorol ogi-
cal violence, being only the second of two Category-5 storms known
to have struck the continental United States.

The Mississippi industry isconcentrated within =300 km from the
coast of the Gulf of Mexico. Camille hit the Mississippi coast on 17
Aug. 1969 with winds of =304-336 km-h (barometric pressure of
67.6 cm) and dumped =76 cm of rainfall (Kilby and Converse, 1970;
Longshore, 1998). Winds rapidly diminished to about 160 km-h as
Camille moved inland across the length of the state. Wind gusts up to
=107 km-h* were common throughout much of the state asthe storm
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gradually weakened while moving up the Cumberland Plateau and
acrossthe Appal achian M ountains before reentering the North Atlan-
tic on 21 Aug. This single storm greatly damaged the state’s pecan
industry and totally eliminated itstung industry (Kilby and Converse,
1970). Pecan nut production in Mississippi in 1970, the year after the
storm, was only =27% of the average of that for the previous 5 years.

A similar situation also occurred in Alabama, also a Gulf Coast
region with a long and violent history of hurricanes. In fact, 41
hurricaneshit the Alabamacoast from 1559-1996 (L ongshore, 1998).
In recent years, theseinclude Camille (1969), Eloise (1975), Frederic
(1979), Elena, Danny, and Juan (1985), and Erin and Opal (1995).
Fredericin1979 had aprofound destructiveeffect on Alabama specan
production, destroying =60% of the bearing treesin two counties that
were responsible for =60% of the state’' s total production. Opal, on 4
Oct. 1995, was especially destructive to the pecan industry, with 384*
km-h winds near the coast and =80 km-h wind gusts throughout
most of the state (Wood, 1996). As many as 50% to 80% of the trees
in many countieswere destroyed. Opal wasthe strongest hurricaneto
reach land in the Gulf of Mexico area during October in recorded
history (Kimberlain and Elsner, 1998).

South Georgia possesses the largest concentration of pecan pro-
duction in the eastern United States, producing =30% to 40% of the
U.S. crop in most years (U.S. Department of Agriculture, 1975-97;
Woodetal., 1990). Although most of the pecan production zonewithin
thestateis175-500 kmfromtheGulf Coast, andisrel atively safefrom
theintense winds of hurricanes, most of the state’ sindustry isvulner-
abletosubstantial damagefrom stormstracking acrosstheregion. The
state had 69 hurricanes and 30 tropical storms from 1752 to 1995
(Longshore, 1998). Eleven of the hurricanes had intensities of Cat-
egory-3*. Themost devastating to the Georgia pecan industry wasthe
Great Mobile Hurricane, hitting the state' s orchards with 161 km:-h?
winds in 1952 (Longshore, 1998). Degenerate hurricanes, such as
tropical storm Alberto, which hit southwestern Georgia 3 July 1994,
also can cause great damage to pecan orchards. Although wind speeds
had diminished enough to merit classification asonly atropical storm
by thetime Alberto entered Georgia, =112 km-h wind gusts and =54
cmof rainwithin 24 h caused considerabl etree, nut, and limblossover
a wide area of the state, as well as a once-per-500-year flood in
southwestern Georgia when it stalled after colliding with an en-
trenched high pressure system over the southern United States
(Longshore, 1998).

Tracks across production zones

Thirty of themost economically damaging hurricanesinthe United
States since 1900 have tracked across key pecan production zones
(Fig. 1A; Pielke and Landsea, 1998). Thetotal areadevoted to pecan
production in the United Statesis=190,000 ha (473,426 acres). Two
primary zones are southern Georgia (=240 x 240 km) and a crescent-
shaped zone (=250 x 750 km) from near coastal to central Texas and
then into central Oklahoma. Since 1900, both production zones have
been subjectedto at | east six major hurricanes, plusseveral other lesser
hurricanes and tropical storms. The natural northwestward and then
northeastward curvature of hurricanes alows them to track along
much of the length of these two zones.

The regions of the U.S. Atlantic coastline most likely (24% in a
givenyear) to behit by severehurricanes (Cat. 3+) arethecentral Gulf
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Tracks of major hurricanes
and pecan acreage

All hurricanes (Cat. 1+) &~
Great hurricanes (Cat. 3+)

Fig. 1. (A) Tracksof mgjor hurricanes (Cat. 3+) (Pielke and Landsea, 1998) relative to thelocation of pecan production zones) withinthe United States (U.S. Dept.
of Agriculture, 1999). (B) The probability that a hurricane (Cat. 1+) will hit in any one year a 160-km segment of the U.S. coastline and regions possessing a
24% probability of agreat hurricane (Cat. 3+) hitting along the designated coastline in any one year (Brinkmannn, 1975; Longshore, 1998).

Coast of Texas, the tip of Louisiana, Florida and the tip of North
Carolina(Fig. 1B; Longshore, 1998). In any oneyear thereisan=13%
chancethat ahurricane (Cat. 1+) will strikethe central coast of Texas.
Such storms usually track in a northwestward curvature along the
primary pecan production zone of Texas. The coast of Alabama—an
areaof substantial pecan production—hasan=11% chanceof being hit
in any one year, plus there is the potential for recurvature across the
Georgia production zone.

POSITIVE ASPECTS OF HURRICANES

Arthropods. Hurricanes have two very important positive effects.
First is the substantial suppression of the arthropod population by
heavy winds and rain. Populations of the especially detrimental
sucking insects—such as the yellow pecan aphid [Melanocallis
caryaefoliae Davig], the blackmargined aphid [Monellia caryella

Fitch], and theblack pecan aphid [MelanocalliscaryaefoliaeDavis|—
are suppressed via physical effects from heavy rainfall (Kaakeh and
Dutcher, 1992) and a so probably by aproliferation of entomophagous
fungi dueto arelatively wet environment. The pecan leaf scorch mite
[EotetranychushicoriaeMcGregor] isalso aseverepest that issubject
to population suppression for the same reasons as are aphids. These
aphid and mite peststend to be especially damaging in September and
early October, when kernelsarefilling and healthy foliageisessential
for next year's crop (Himrichs, 1962; Worley, 1979b). Orchards
adjacent tothestorm-track, but far enough away to avoid thedamaging
winds, often benefit substantially from arthropod suppression at a
critical time of the year. Tree and crop damage by these pests is
reduced, as well as associated pesticide costs. The impacts of hurri-
canes on the arthropod aspect of pecan orchard and tree ecosystems,
and al sotherecovery of thesesystems, havenot been studied, but merit
investigation.
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Kernel filling. A second major positive effect of hurricanesisthe
deposition of needed rainfall at a very important time over a large
sector of the pecan belt. This is important during the months of
August—October, but especially important in September, because of
theonset of kernel filling and the need to minimizetree stress (Sparks,
1996). An appropriately timed hurricane in the region can greatly
benefit adjacent regional orchardsthat are outside the path of destruc-
tion. The Gulf Coast from Louisianato northwestern Floridahasa6%
to 14%, long-term average chance of experiencing at least one hurri-
cane per year (Brinkmann, 1975; Longshore, 1998). Northeastward
tracking after landfall often results in the timely deposition of much
needed and beneficial rainfall on the Georgia pecan belt, but without
the damaging winds. Hence, land-falling Gulf Coast hurricanesin the
upper Gulf of Mexico usually benefit the Georgia pecan industry, the
region supplying about one-third of the U.S. production of pecans
(U.S. Department of Agriculture, 1975-98).

The effect of hurricane-originated rainfall is especially beneficia
to pecan-growing regionsof Mexico. Most of theseregionsarein arid
zoneswith substantial dependency upon irrigation water from moun-
tainreservoirs. Themost vulnerablezonestowind damagearethefew
scattered orchards in the states of Tamaulipas and Nuevo Leon. The
bulk of theindustry isin the states of Chihuahuaand Coahuila, where
associated heavy rainfall along the Sierra Madre Oriental mountains
contributes much-needed water to mountainous reservoirs.

DAMAGE AND RECOVERY

Forms of damage

Thenatureof recovery of pecantreesto hurricane-induced damage
istightly linked to the type of damage received. Additionally, not all
effects of hurricanes on trees and orchards are negative. The various
negative and positive effects of hurricanes on trees and orchards are
discussed below:

Uprooting. Themost notableform of damageisthelossof treesdue
to uprooting by strong winds associated with the spiral rain-bands of
hurricanes. These =3-30-km-wide circular bands are comprised of
cumulus and cumulonimbus clouds that radiate outward =10-500 km
from the eye wall (Longshore, 1998). Damage is most severe within
less than =40 km of the shoreline because of the expansion and
reduction in the speed of circulation when encountering therel atively
rough surface of land (Brinkmann, 1975). Thus, pecan treesnear open
water are much morelikely to be uprooted than arethoseinland. Such
orchards are also exposed to tornado damage from one of the average
of ninetornadoes spawned for each hurricane, these usually occurring
6-12 h prior to the arrival of hurricane-force winds (Brinkmann,
1975). When the hurricane landfalls, the most severe winds are
encountered inthe northeast quadrant of the storm, thusuprooting and
limb damage will be greatest within this region.

Observations of tree damage and orchard recovery from severa
hurricanes hitting south Alabamaindicate considerable variability in
resistanceto uprooting among cultivars (W.G. and M.N., unpublished
data). Central leader trees generally display less damage than multi-
leader trees; hencenut yieldsof suchtreesrapidly recover.‘ Desirable’,
a popular, non-central-leader, southeastern cultivar, is especialy
susceptible to hurricane damage, whereas ‘Elliott’, a central leader
tree, exhibits relatively little injury. Cultivars such as ‘Jackson’,
‘Schley’, and ‘ Choctaw’, which have large and dense canopies with
large leaflets, are prone to being uprooted. For example, ‘ Success', a
large and spreading tree, is often more susceptible to uprooting by
storms than are most other common cultivarsin the Gulf Coast (e.g.,
‘Stuart’ and *Moore’). Tree countsfollowing hurricane Elenain 1985
indicated that * Cape Fear’, also arelatively large and spreading tree,
was 2.3 times as likely to be uprooted, or severely damaged, as was
‘Stuart’ (Sparks and Payne, 1986). Similarly, in tornado-damaged
orchards of ‘Stuart’ and ‘Schley’, 78% of the uprooted trees were
‘Schley’. ‘Schley’ has a spreading and full canopy, whereas ‘ Stuart’
has an upright and open canopy. Cultivars with open canopies there-
fore present less wind resistance and are less likely to be uprooted.
Similar cultivar differences in susceptibility to wind damage have
been reported for coconuts (Cocos mucifera L.) (Johnson, 1994).

Thus, orchard recovery is closely linked to cultivar, or tree canopy
structure.

Observationsindicatethat treesizeal so playsakey roleinrecovery
from hurricane damage. Y oung trees (1 to =5 years old) have enough
flexibility to withstand high winds, and =<50—-70-year-old trees gener-
ally have enough bulk and anchorage to prevent their being uprooted
by winds, but intermediate-aged trees are most susceptible to uproot-
ing. Uprooting of the=50-70-year-old treesis substantially enhanced
if hurricane winds are accompanied with torrentia rainfall. For ex-
ample, hurricane Danny (July 1997), barely a Category-1 storm
producing =112 km-h=* wind, resulted in widespread uprooting of large
trees after 50-89 cm of rainfall had fallen during the 48-h preceding
peak winds. Thus, saturated soils greatly contribute to uprooting.

Attemptsto save uprooted trees have generally been unsuccessful.
Observations (W.G. and M.N. and others with much hurricane expe-
rience) indicate that trees compl etely uprooted or blown to the ground
should probably not be righted, because of poor survival. If trees are
10-12 years old or younger, or have trunks less than =30 cm in
diameter, surviva rate is usually much better. There is also greater
likelihood of recovery fromuprootingif thesoil isextremely wet when
the trees blow down and major roots are unbroken. If mgjor roots are
broken, these trees sometimes survive, but they are usually not thrifty
and easily uprooted again. Experiencewith these stormsindicatesthat
small trees should be righted quickly, before roots exposed to the air
arekilled. Righting of trees should be done when the soil iswet so as
to prevent further root injury. Such treeswill usually remain produc-
tive, especialy if thecanopy ispruned back to balancethel ossof roots.

Hurricanes often cause treesto lean at various angles. Theroots of
leaning treesmay or may not be pulled out of theground, but often have
sustained some injury. Long-term survival of leaning treesis unpre-
dictable. Trees blown over to =45° angles by Fredric in 1979 have
remained productive for at least 20 years without straightening. Still,
other treesleaning at small anglesdied afew yearslater. Straightening
of leaning trees after thetreeisdormant tendsto be effective only with
small trees (i.e., trunksless than =30 cm). Again, wet soil conditions
facilitate survival. Straightened trees usually reguire support from
frames or wires. Subsequent nut yields from such trees are usually
good if tree vigor is not noticeably diminished.

Limb breakage. Thelimb structure of most pecan cultivarstendsto
be more vulnerable to wind damage than that of wild trees, especially
thosegrowinginforest habits. Thisisbecausemost cultivated treesdo
not possessastrong central leader, but rather anarray of scaffoldlimbs
displayingrather narrow crotch angles. A general rulewithlargetrees,
such as pecan, isthat limb strength tendsto increase with crotch angle
(Brown, 1974). Long scaffolds with narrow crotch angles usualy
support aheavy crop load during hurricane season. Thus, the leverag-
ing effects of crop load can easily enhance destruction of canopy
structure. Theimmediate effect of limb breakage from ahurricaneis
loss of bearing potential and high pruning costs. There are often
adverse long-term effects of limb breakage, because tree size and
scope of damage often prohibit thorough corrective pruning or train-
ing. Thisresultsinrotting of heartwood that may reducetreevigor and
longevity. Waterspouts that form after branches are broken may be
evenlessresistant towind, and may break during severethunderstorms
in subsequent years.

Limb structure and tree form vary considerably among pecan
cultivars (Wood, 1996), thus affecting susceptibility to damage. For
example, the branch/leaf mosaic produced by nonpruned pecan trees
tendsto beeither “open” (aperirecto) or “ closed” (clistoforticat), with
the clistoforticat form tending to catch morewind and therefore being
more likely to break than the aperirecto form. Additionally, most
cultivarsexhibit rather narrow crotch angles(i.e., lessthan =57°), but
=9% exhibit angles >70° and would therefore be expected to better
withstand extreme winds. In 1979, hurricane Fredric, destroyed 60%
of the pecan treesin Baldwin and Mobile counties of south Alabama,
with >90% being uprooted in certain orchards. The predominant
cultivars in these counties were ‘ Stuart’, ‘ Desirable’, and ‘ Success',
withsome* Schley’ and‘Moneymaker’ . Thedamageto thosecultivars
with less suitable canopy characteristics (e.g., ‘ Desirable’, ‘ Success',
and ‘Schley’) was severe, and many trees were severely damaged.
‘Stuart’ generally had less limb breakage.
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Defoliation. If the winds associated with hurricanes do not uproot
the tree or destroy limb structure, they often essentially defoliate the
tree. Treescanrefoliate, butif thishappensbeforelate October, thetree
will not possess sufficient carbon reserves to set a fruit crop the
following year (Himrichs, 1962; Worley, 1979a, 1979b), and will
probably set a heavy crop of poorly filled fruit the second growing
season. Because of the alternate bearing characteristics of pecan, the
kernel quality of thiscrop is often poor. The crop developed the third
year after the storm is once again small but of high kernel quality.
Defoliation actsto trigger, and enhance, aternate bearing. Since most
trees within an orchard are similarly damaged, the entire orchard
beginsto aternate

Loss of fruit. Hurricanes often cause major problems well beyond
the path of devastation by causing the breakage and dropping to the
orchard floor of thousands of small branches. This loss probably
causes little harm to the tree or crop, but is of substantial expense to
orchard recovery operations, and may delay harvest with consequent
loss of price advantage associated with the earliest marketed nuts.
Delayed harvest may cause a deterioration in kernel quality for those
nuts lying exposed on the orchard floor. If hurricane-associated
flooding occurs just after fruit ripening (as with hurricane Juan in
1985), nutscan belost toflooding. Thisoccurred al ong the Guadel oupe
River in Texas in Oct. 1998, resulting in a near total loss of the
bottomland crop along the lower haf of theriver's drainage basin.

Developing pecan fruit is highly susceptible to loss by hurricane
damage. Suchfruit can easily beknocked off thetreeby collisionswith
limbs or branches. Additionally, subtle damage occursto theinternal
structure of fruit, especially if stormsoccur during thelate water stage
(i.e., liquid endosperm) of kernel development, resultingin amassive
fruit drop =7 d after the storm. We (W.G. and M.N.) observed that | ate
kernel development and shuck dehiscence was abnormal following
Hurricane Opal in 1995, an early October hurricane. Shucks did not
dehisce completely or were delayed beyond the time of normal
dehiscence. This “storm shock” may be aform of stress induced by
sudden foliage |oss and warm temperatures, coupled with twisting of
peduncles or shuck (involucre) bruising.

Alternate bearing. Fruit production by individual trees and or-
chards of pecan is typically variable, exhibiting a strong tendency
toward biennial bearing at thetreeand orchard level, with epicycles of
varying periods at regiona levels (Wood, 1993). Thisis detrimental
for the industry and growers because of unstable production, dimin-
ished nut quality during the “on” years, impaired marketing, and
reduced income. While the details of the mechanisms regulating
biennial bearing are unknown, levelsof photoassimilatereserves play
acritical role (Smith and Waugh, 1938; Wood, 1995; Worley, 1979,
1979b), and the state of equilibrium between photosynthetic source
and sink tissues acts to modul ate the amplitude of the natural biennial
cycle (Smith and Gallott, 1990; Smith et al., 1993; Wood, 1995). The
loss of foliage and devel oping fruit dueto hurricanesdrastically aters
the equilibrium between source and sink tissues such that yield
instability is favored.

Biennial bearing induced by hurricanes is not only limited to
recoveringtreesand orchards, but al so appearsto occur withinregions,
such as was the case in Mississippi after Camille in 1969 (Fig. 2).
Annual in-shell nut production of improved cultivars in Mississippi
the decade prior to Camille averaged =3400 t per year, but only 1900
t per year the decade after Camille. The 1969 crop was estimated to be
=4000t, but dropped to 2800t because of direct stormdamage. In-shell
yield the following year was 900 t, probably =25% of what it would
have been without Camille. In the nearly three decades since the
hurricane, the Mississippi industry has never regained its pre-Camille
productionlevel. For example, production of in-shell nutsin 1998 was
only 800 t. The intensities of bienniality (K; Pearce and Dobersek-
Urbanc, 1967) in the 5-year periods prior to and after the storm were
K =0.12 and 0.31, respectively; thustheintensity of aternate bearing
increased by 258% during the 6 years after the storm. Production in
1970, the year following the storm, was only =27% of the average for
the previous 5 years. Thus, slow recovery from hurricane-enhanced
alternate bearing can be along-term problem.

Since most trees within an orchard are similarly damaged, the
entire orchard beginsto bear in pronounced biennial cycles, resulting
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Fig. 2. Annua in-shell pecan production in Mississippi before and after
hurricane Camille in 1969.

inlittle or no crop oneyear, followed by a heavy but low quality crop
thenext. Thiscondition iscatastrophic for commercial orchard opera-
tions (Wood, 1991). Such trees and orchards not only require 5-10
yearstorecover sufficiently toonceagaindisplay relatively stablefruit
production and nut quality, but also complicate cultural and pest
management strategies.

Diseases. There is no evidence that tree longevity is adversely
affected by hurricanes as a result of disease agents associated with
“wind shock,” asisapparent for peach [Prunus persica (L.) Batsch.].
Yield recovery by trees and orchards exposed to hurricanes is often
slowed by failureto apply properly timed fungicide spraysthat protect
against pecan scab [Cladiosporium caryigenum (Ellis and Langl.)
Gottwald] and other diseases. Fungicides possess little or no “kick-
back” activity against scab, thusdel aying spraysbecauseof wind, rain,
or wet orchards can enhance scab problems (Wood and Reilly, 1999).
These storms also can aggravate scab problems by spreading the
conidiathat aretypically disseminated viarain (Latham, 1982). There
isamplecircumstantial evidencefor the existence of several different
races, or biotypes, of scab, some morevirulent than others (Converse,
1960; Demaree, 1929). The dissemination of conidia over tens of
thousands of hectares by winds potentially enhances the exposure of
orchards within the storm-track to scab genotypes capable of causing
substantial economic lossin future years.

Factorsthat facilitate recovery

The best approach to avoiding hurricane damage and associated
long-term recovery problems is to avoid planting orchards in hurri-
cane-proneregions. The pecan-growing region within the U.S. pecan
belt exposed to highest risk is an =100-km band from the Texas-
Mexico border to the northwest coast of Florida and aong the South
Carolina and North Carolina coasts. Records indicate that orchards
within these two zones have a 60% to 100% chance of being hit with
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aland-falling hurricaneover al10-year period. Because pecan orchards
exist for =100+ years, orchards within this zone would be expected to
be hit with several hurricanes over the life of the orchard. The
northwestward curvature of the Atlantic coast of Georgiaand the fact
that most of the Georgia pecan belt is >100 km from the coastline,
meansthat the most important pecan-producing zone of the southeast-
ern quadrant of the United Statesis fairly well-protected from direct
hits by hurricanes, thus being exposed only to tropical storm class
winds that cause relatively little damage.

Attention to the selection of cultivars should reduce susceptibility
of treesto damage. Cultivarswith strong (i.e., wide) crotch anglesand
central leaders are likely to resist winds better. Resistance to wind
damage can be created by training to acentral |eader growth form and
careful selection of scaffold limbs to produce strong crotches. Addi-
tionally, selection of cultivarswith “open” rather than “closed” cano-
pies should confer greater wind protection when trees are grown at
standard spacings without pruning.

Another practice that is likely to minimize susceptibility to dam-
age, although untested, isusing hedge pruning techniquesto keep tree
height low and the orchard canopy relatively dense, thus minimizing
tree exposure to winds and the associated leveraging effect on root
systems(Wood, 1999). Hedge pruning and other pruning methodsthat
reduced tree height and opened up canopies greatly reduced limb
breakage and uprooting of trees of tropical fruit species exposed to
hurricane Andrew in south Florida (Campbell et al., 1993). Under a
hedging management system, even if orchard trees were blown over,
their relatively small size would markedly reducethetimerequiredto
refill the vacated space with a transplant. In fact, the increasing
popularity of transplanting large pecan treeswould allow for refilling
of the space within afew years, thus accelerating orchard recovery.

Pecantreesnormally producealargetaprootif not grafted, or if the
root systemisnot cut upon digging during transplanting. Thistap root
functions as an anchor that assists the tree in withstanding winds. If
taproots are cut during transplanting they may not regrow, thus
reducing tree anchorage and ability to withstand hurricane-force
winds. Trees planted in sites where the water table is high develop a
horizontally spreading, shallow root system. Thus, these trees are
more susceptibleto uprooting by winds. Orchardsin hurricane- prone
zones might benefit from unpruned tap roots. Seeds could be planted
in the orchard, then grafted when the seedlings are of sufficient size.

CONCLUSIONS

While the intensity, frequency, and path of hurricanes into the
pecan belts of the United States and Mexico remain unpredictable,
enough isknown about these patternsto provide information to guide
the cultural and management decisions associated with pecan hus-
bandry. Whether by serendipity or by design, amajor portion of the
U.S. pecanindustry islocatedin Georgia, wherethisstorm-susceptible
crop is being cultivated in a moderately protected region of the
southeastern U.S. pecan belt, whilebenefitting, at animportant time of
year, from rainfall during late summer and early autumn when soil
moistureislow. A similar situation occursin the major pecan produc-
tion zonein eastern Texas.

Recovery of trees and orchards from hurricane-induced damage
can be very slow, especidly if trees are destroyed. The effects are
diverseand poorly studied. Asidefromtheobviouslossof trees, limbs,
and fruit, additional economic|ossesare associated with subtlereduc-
tionsin nut yields due to disease, fruit shock, and loss of production.
Anincreasein the magnitude of aternate bearing is perhaps the most
long-lasting, adverse, biological side-effect. Itslegacy isstill felt, 30
years later, in post-Camille Mississippi and Alabama. Additionally,
longevity of pecan treesand orchardsensuresthat recovery of orchard
productivity and structure often spansseveral decades. Thisiscoupled
with a high probability of being substantially damaged by hurricanes
during the lifetime of the tree or orchard. Therefore, these infrequent
but large disturbances to trees and orchard systems merit greater
consideration with regard to management in order to minimize dam-
age and/or hasten recovery.

Daleet al. (1998) point out that orchard managerscan (a) influence
the orchard system prior to large, infrequent disturbances, such as

hurricanes; (b) choose to do so after the hurricane; or (c) attempt to
influence the recovery process. Prior to the hurricane, orchards and
trees can be managed by either no action or via preventive measures.
At present, few if any pecan orchardsreceive preventive management.
Recovery effortscan either focus on managing the state of the orchard
system immediately after the hurricane or managing the ongoing
processof recovery. Thehigh capital costsof pecantreesand orchards
andtheir likelihood of exposureto hurricane- and tropical storm-force
winds several times during their lifetimes, indicates that orchard
management should include strategies to either reduce damage or to
hasten recovery. An orchard far removed from hurricane zonesis till
likely to be exposed to strong winds from severe thunderstorms and
tornados during its lifetime, therefore meriting similar management
strategies. Some preemptivemeasuresthat arelikely toreducedamage
areto: @) recognizetherisk of hurricanedamagein aparticular areaand
locate orchards so as to minimize exposure to strong winds; and b)
establish orchards using wind-resistant cultivars planted on deep,
well-drained soils, using trees with good taproots, and manage the
canopy to strengthenlimbsto reducewind resistance (e.g., mechanical
pruning and selective limb pruning).

Recovery can be hastened by ensuring that treesare maintained in
good vigor, are not in a severe aternate bearing mode, and are kept
small enough to minimize susceptibility to strong winds and to allow
for rapid refilling of vacated spaceif treesarelost. The establishment
of orchards in a relatively high density spatial pattern, such as a
hedgerow, combined with the incorporation of an appropriate me-
chanical pruning strategy may be one of the most effective strategies
for not only preventing damage by strong winds, but also for facilitat-
ing recovery from such damage. These strategies aso have the
advantage of diminishing the importance of relying on cultivars that
arerelatively resistant to wind damage, thus increasing management
options.
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