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NATURAL REGENERATION OF IPNGLEAF PINE

WiIIiam D. Boyer and John B. Whitel

Abstract. Longreaf pine naturar regeneration is a practical andinexpensive option ior rnost existiig rongreaf pine forests,provided there i: an adequate seed lource and Lompetition in th.estand is controrled. The sherterwood system appeai= best suitedto the requirements of the species. Tha finar irarvest takes praceafter the new stand is established, so the land is not out ofproduction during the wait for a good seed crop. The sherterwoodstand naxirnizes per-acre seed production, and lroduces sufficientneedre ritter to fuel fires hol enough to rimil hardwoodencroachment- carefur advance pranniig, annuar nonitoring of conecrops' annuar regeneration surveys, and proper timing andexecution of cur.turar- treatments, incruding- ."g"r,"i"iio.,cuttings, are essential to success.

INTRODUCTTON

Longleaf pine (Pinus palustris HiIl.) v/as once the premiertrmber species in the southeastern united states. rt comprisedan estimated 2oo billion board feet, and occupied perhaps as muchas 6o mir, r- ion acres in presettrement times lwihtenlerg r,g46) .The longleaf forest has been intensivery expJ.oited, beginningwrth the earr.iest settrers, for a wide varllty of proaucts anduses (croker .19grl. Logging of the originar 3ro-gi"rtn forestreached a peak in the first two decades of the tw6ntieth centuryas lumbermen progressed from east to west, cutting merchantabletrees with rittre or no thought for regeneratron of thi.s oncevast resource. By the middle 1930s, a6cording to an earty forestsurvey, the resource was down to an estimated 19 to 22 billionboard feet or about 10 percent of the estimate for the originarforest (wahlenberg 1946). since then, forest ="r""v= indicatetha! the longreaf timber type continues to decrine,'irorn u.,estimated r2-r3 mirrion acres in 1955 to ress than 4 mi-llionacres by 1985.

The naturar range of J-ongleaf pine extends arong theAtlantic and Gulf coastar Prains rrlm southeast Virginia south tocentral- Florida and west to east Texas, with extensi""= into thePredmont and Mountain Provinces of Arabama and northwest Georgia.The original J-ongreaf pine forests occurred on a wide range ofsite conditions, from poorly drained fritwoods near the coast todry, rocky mountain ridges at elevations up to 2,ooo feet.

1 Research Forester, southern Forest Experiment station, usDAForest service, Auburn university, AL lzaqg, and Forester,Mississippi NationaJ- Forests, usDA Forest service, McHenry, MS39561
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Longleaf pine has many desirable attributes. ft is a hiqh-
quality timber tree suited to a wide range of products: Iogs,
poles, piling, posts, pulpwood, and naval stores. Both its stumps
and straw are also useful products. The tree is straight and
prunes itself weII. It alrnost always has a higher average
specific Aravity than other southern pines and thus produces more
dry weight per unit of volume (Zobel et al. 1972). On average
sites, depending on age and density, 30 to 80 percent of a
longleaf stand wilI usually make poles. fn addition to its
commercial quarity and versatility, longleaf is a comparatively
low-risk species to nanage, once established. ft is considered a
fire subclimax forest type that has maintained itself over the
millennia in conjunction with periodic surface fires (Boyer and
Peterson 1983). rt is generarly resistant to fire, ds well as the
more serious disease and insect pests that afflict other southern
pines.

Longleaf pine has maintained itself in nature and, following
logging of the ord-growth, second-growth stands fortuitously
sprang up on many millions of acres. These stands are now
mature, and comprise a large fraction of the residuar rongleafpine acreage. Nature regenerated these stands with little help
from man. However, due rargely to regeneration probrems, most
second-growth Iongleaf forests, upon harvest, have been replaced
by other species.

Regeneration of Iongleaf pine, either naturally orartificially, has been inhibited by several problems associatedwith this species. First, it is a poor seed producer, and good
seed crops are few and far between. Second, relativeJ-y fewlongleaf seeds survive to becorne established seedlings, due inpart to the Iarge number of predators that seek out and devour
these J.arge, nutritious seeds. Third, the sl-ow early growth oflongleaf seedlings means that they may spend years in the
stemless rrgrass stagerr bef ore initiating height growth. yet,
these serious problems can be largely overcome. Although planning
and care are required, Iongleaf pine can be regenerated nlturally
(Croker and Boyer r975) by direct seeding (Mann 1970) and byplanting (Mann 1969).

Selection of the appropriate regeneration option depends onseveral considerations, including site and stand conditj-ons,
management goals, financial resources, and planned rotation
rength. Natural regeneration is the rowest cost option, but j-s
applicable only where there is an adequate number and
distribution of seed-bearing trees. with the knowledge nowavailable, foresters should be able to regenerate moit exi-sting
).ong1eaf f orests naturally.
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ECOI.OGY OF LONGLEAF PINE NATURAL REGENERATION

Seed Production

Flowering - Longreaf pine is nonoeciousr ds are arr pines.
Both the rnale and female flowers (strobili) are initiated during
the growing season before flowers appear, the male frowers
normally in JuIy and the fernale flowers during a short period in
August, dS the overwintering bud is set. weather conditions
during the year of initiation appear to infruence flower
produc#-ion. A wet spring and earry sunmer followed by a dry rate
summer promote production of female flowers (shoulders 1967),
whire wet weather through the entire growing season favorsproduction of mare flowers. As a resurt, large crops of femare
and male frowers do not necessariry coincide (Boyer l_9gt).

The deveropment rate of both male and female flowers isalmost entirely temperature dependent, and cumulative daily heat
sums from December 31 can be used to anticipate peak tloweringdate (Boyer L978, 1981). The emerging buds of mare flowers canusually be seen by Iate November, but remain dormant for about a
month before development resumes. Female flower buds emerge inJanuary or February. Female flowers occur most frequently in theupper crown and mare frowers in the rower crown (schoprneyer
Le7 4) .

Peak flowering of longreaf pine usuarry occurs in March,but may be as early as late February or delayed into the month ofApril. Flowering of both mal"e and female flowers on the same tree
reaches a peak at about the same time. Individual trees, however,
may vary considerably in date of peak frowering. some areconsistently early, others Iate (Boyer lggf).

cone production cone production by individuar rongleafpine trees is affected by site guarity, itand density, tiee sj_ze,
and genetic predisposition (Croker and Boyer 1975). ine best coneproducers are dominant trees 15 inches or more in d.b.h., withlarge crowns and a history of past cone production, as evidencedby old cones under the tree. Tree size is an important factor in
cone production. A tree 15 inches d.b.h. will produce, oD theaverage, more than twice as many cones as a l2-inch tree, and al9-inch tree more than twice as many cones as the l5-inch tree.
cone production per acre is affected by stand density and, on
average sites, reaches a peak at stand basal areas between 3O and40 ft'per acre and falls off rapidly above and bel.ow this range(croker and Boyer 1975). For a given stand density, per acre coneproduction is not greatty affected by increasing tree sizeJnove
15 inches d.b.h., as the increase in cone production per tree isIargely offset by the reduction in trees per acre.
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Longleaf pine cone production varies considerably from year-
to-year and from place-to-place. Given the optimum number and
quality of seed-bearing trees, the region-wide frequency of cone
crops adequate for regeneration approaches one year in three.
Among observed Iocations, the frequency of acceptable cone crops
ranged from 3 years out of 4 to zero over a period of 19 years
(Boyer 1"987). The frequency of good cone crops appears to be
Iower nearer the Gulf Coast than farther inland. Since flower
production is less variable among geographic locations than cone
production, differences in the freguency of good cone crops
appear to be due more to flower and cone losses rather than a
failure to flower.

Seed DispersaL

The large, winged seeds of longleaf pine are dispersed by
the wind. Seedfall begins in late October and continues through
November. Most seeds farr during a period of two to three weeks.
Dispersal. range is limited, with 7r percent of sound seeds
falling within 66 feet of the parent tree (Boyer and peterson
1983).

Seedlinq Establishment

Longleaf pine seeds require contact with mineral soil forsatisfactory germination and establishment. The seeds, with theirlarge wings, cannot easiry penetrate a heavy ground cover ofvegetation and litter, So this rnaterial must first be removed,either mechanicalry or by fire. usualry, a burn within a year ofseedfalr wirr provide an adequate seedbed (croker and Boyer
re75) .

Longreaf pine seeds germinate promptry after they aredispersed, often within a week if weather conditions arefavorabLe. This reduces the period of exposure to the many seedpredators. NewJ-y germinated seedLings have no hypocotyl, and thecotyledons are crose to the ground. primary needres appear soonafter germination is complete, and secondary (fasciclld) needl_es
appear about two months later. NewIy established seedlings arevulnerable to a number of hazards, including insects and otheranimals, diseases, fire, and unfavorable weather such as drought,frooding, excessive heat or col-d, and frost-heaving on heavysoils. The risk of seedling mortality is highest durinq theirfirst year and rnuch lower thereafter. For tnis reason,
regeneration success is based onty on seedlings one year old orolder.
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I

unlike most other pines, epicotyl or stem growth inIongleaf pine is slow to develop. The stemless condition of theseedling is characteristic of longleaf and is refeiiea to as thegrass stage,.wlrich rnay rast from iwo to nany years, dependi.ng onsite, competition, di-ease, and weather conlilions. wnir" in thegrass stage, longleaf seedlings develop extensive root systems.Deveropment can be forrowed by observing the increase in root_collar diameter. Rapid height growth normally begins as seedlingroot-collar diarneter reaches about one inch.-
Longleaf _seedlings are higlrly sensitive to competition fromany source and are also susceptible to the brown-=pbt needlebright (scirrhia acicora (oearn.)siggers), either bf ,hi"h 

".r,prorong the grass stage. The disease may eventuarry destroy tneseedl ing.

Grass-stage rongreaf seedrings in the open becomereratively resistant to fire aarnag6 when they reach a root-corl-ardiameter of 0.3-inch and remain r6sistant uniit in"v initiateheight growth. Longleaf seedlings of this size "w"-part of theirfire resistance to their ability to sprout from the root collarif top-kirred by a fire hotter Lnan eipected, although sproutingability decrines. rapidry after seedlinls uejin-;;i;hi growth(Farrar L975). Th" 1arge, succurent foiiage-or ron{iear alsohelps protect the bud and stem from heat injury in-surrace fires.
Given rongreaf pine seedring stands of the sane size (rootcolLar diameter), fire mortarity or seedrings unaei i pineoverstory wiII be about double that of sirnilar seedlings in theopen (croker and Boyer 1975). within forest stands, heilthygrass-stage seedlings that have reached 0.4-inch or more in root-coLlar diameter are relatively safe from mortality in carefullyprescribed and executed winter fires (poyer r97aaj, even underparent overstories ranging up to 60 ftz basal area per acre(Maple 1969). some fire-resistance is rost during tire earrystages of height growth,.up to a height of 2 to J reet, aflerwhich the seedlings again become leis vulnerable to fire kill(MapIe 197s).

Longreaf seedlings can survive under.! parent pine overstoryfor at least 8 years and probabry ronger ir Lney arl not burnedbefore reaching a fire-resistant size. seedling growth, however,is very slow, and it can take.a rong time ror ieealings to reacha fire-resistant size, depending on density of the overstory andamount of understory competition. once the overstory is r.tn"""J,seedlings will respond with increased growth
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Seedlings heavily infected with brown spot are at greater
risk as the foliage, instead of protecting the seedling from
fire, adds to the fuel load. However, brown spot is unlikely to
reach serious levels in seedling stands retained under a pine
overstory (Boyqr and Peterson L983), even at overstory densities
as low as 9 ft' basal area per acre (Boyer L975).

Growth rates vary widely among seedlings in a stand of the
same d9€, and vigorous, brown-spot resistant individuals express
early dominance. About 10 to 20 percent of a natural seedling
stand will norrnally exhibit resistance to brown spot (Boyer
L972). The rapid breakup of a seedling stand into a range of size
classes reduces the risk of stagnation and usuaLly eliminates any
need for precommercial thinning.

NATURALLY REGENERATING THE LONGLEAF FOREST

Reqeneration Methods

Naturar regeneration nethods suited to rongleaf pine are
Iimited. Long1eaf, like many other pines, is an intolerant
pioneer species that normally establishes and naintains itsel-f in
even-aged stands. Even-age management can most effectively and
efficiently capitalize on the natural habits and characteristics
of the species. Neither the clearcuttinq nor the seed tree method
of naturar regeneration is effective foi longJ.eaf (croker and
Boyer 1975). clearcutting a mature stand wirr destroy most
advanced reproduction, if present, and the short seed dispersal
range limits seeding from adjacent stands. clearcutting, except
in the case of a low- to medium-density stand with abundant
advanced reproduction, must be followed by some form of
artificiar regeneration. A seed-tree method, reaving 5 to 10residual trees per acre after harvest, is a high-risk
regeneration method for longreaf, unless the cutting coincides
with a heavy seed crop. A seed-tree stand produces only afraction of the seed produced by a sherterwood stand, so the
frequency of usable seed crops is rnuch lower. During the wait fora good seed crop, growing space is rapidry occupied by hardwoods
and brush, requiring rather costly seedbed preparation.

The shelterwood method seems to resemble most crosery
examples of successful regeneration in nature, and red to the
hypothesis that this method is the most appropriate for longleafpine (croker 195G). This has since proven to be the case. The
shelterwood method is highly frexible and can be adapted to awide variety of site conditions and management objeclives. Thehigher density sheLterwood stand retards the growlh of hardwood
brush and arso produces enough needle ritter to fuer surfacefires hot enough to kilL back invading hardwoods and maintain
good seedbed conditions.
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Adecruate seed supprv - An adequate seed source must bepresent in the regeneration area. The size, number anddistribution of seed-bearing trees must be such that a nininum of7?o, preferably lrooo or more, cones per acre wirl be providedwithin the tine span arlotted for reglneration. since averagecone production varies with location, ttre expected freguenci ofusable cone crops must be based on rocal explrience.
Pre-establishment comoetition control - Conpetition in theregeneration area, especiarly hardwood trees and brush, must becontrolred before seedring estabrishnent. Longreaf pine,especiarry in the seedring stage, is very int6terant ofcompetition frorn aII souries. cornpetition on the ground may alsoconstitute a barrier between dispLrsed seeds and the soirsurface.

. well-prepared seedbed - Longleaf pine seeds need to contactmineral soil for successful germinatioir and establishnent. AweLl-prepared seedbed wiII take optimurn advantage of a limitedsuppry of seeds, which is usuaLry the case with this species.
Adequate estabrishment and survival - The criteria forsuccessful regeneration can vary, depending on the randownerrsreguirements and managenent objlctivls. An accepted goal is aminimum of 5oo welr-distributed crop seedrings p", ."r" at aheight ( > 3 feet) that is rerativeiy safe riom^ damage by a fire(croker and Boyer 1975). This goar r-quires a far laiger numberof newly established seedrings due to variable, but oiten high,first-year mortality, the roises that accompany logging of theoverstory, Losses of vulnerabre seedrinqs in p-rioaic iir"=, plusnormar attrition from insects, diseases, and other conmonhazards.

Post-establishnent competition control - Etimination of al}competition in a regeneration area is notlracticar, but anestabrished seedring stand shouLd be free from most overtoppingcompetition. with -the woody midstory and understory vegetationlargely eliminated before seedling establishment, onry the pineoverstory and herbaceous vegetation on the forest fLoor remlin asmajor competitors with a newly established seedling stand. Maturepines will retard seedling growth up to a distance of at least 55feet, although degree of suppression aiminishes with distance(Boyer 1963). seedling growth will be slow until the parent treesare removed.

control gf brown-spot needle blight - This disease is theworst afflicting.grass-stage rongreaf-p-ne seedrings, and isIikely to intensify rapidly in a-seedling stand following removalof the parent overstory. Fire is the cultural treatment used tocontrol- this disease in natural seedring stands, and may beprescribed for this purpose, depending on results of diieasestatus surveys of dominant seedrings in the stand.
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Protection of the seedling stand - The established seedling
stand must be protected from untimely fire, which can be very
destructive. Fire risk is highest for suppressed seedlings under
a pine overstory and remains so for nearly two years after
overstory removal. Seedlings should be protected from livestock,
especially hogs that can rapidly destroy a grass-stage seedling
stand. Grazing can remove the fuel needed to carry a fire for
control of the brown-spot disease.

Management Requirements for Regeneration

Successful natural regeneration requires not only the
necessary know-how but also commitrnent, time, manpower, and close
attention to detail through the entire regeneration process.
Careful advance planning is a must. The regeneration area must be
closely and regularly monitored for competition intensity,
prospective seed crops, establishment of regeneration, severity
of brown spot, and presence of other hazards. Necessary cultural
treatments must be properly prescribed, timed, and executed based
on an intirnate knowledge of conditions in the regeneration area.

The number of areas, or acreage, scheduled for regeneration
within a selected time span should not exceed the capabilities
and resources available within the responsible organization to
rneet effectively the requirements listed above.

Applying the Shelterwood System

The two principal variants of the shelterwood system applied
to longleaf pine are the three-cut and the two-cut rnethods. They
are identical, except that the three-cut method has a preparatory
cut that precedes the seed cut. A well-managed longleaf pine
stand periodically thinned to mediurn densities will not need a
preparatory cut, so the regeneration process can begin with the
seed cut. Planned regeneration of an unmanaged sland, or a stand
with overstory pine densities in excess of 80 ftz basaL area per
acre, frdy need to begin with a preparatory cut. Guidelines for
application of the shelterwood system of rongreaf pine naturar
regeneration have been reported (Croker and Boyer I975, Boyer
1979a).

Assumlng that the three-cut shelterwood method is sel-ected,
it is typically apptied as follows:

The preparatory cut - This cut is made ten or more years
before the pJ.anned harvest date of the stand at rotation end, andat least five years ahead of the see{ cut. stand density is
reduced to a maximum of 60- to'lo-ft' basal area per acre of
dominant and codominant longleaf pines, depending on site
quarity. rf there are gaps in the stand, the overal-r average
density of the residuars wirl be sornewhat less. This cut will
promote crown development and thus cone production. At this time,
hardwoods too rarge for control by fire should be harvested, ifmerchantable, oy deadened. The regular use of prescribed fire
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during the rotation shourd have resurted in an understory
essentially free of hardwoods and brush. rf a large nunber of
smarr woody stems are present, a series of annual or bienniargrowing season burns rnay be necessary to control this componentof the understory. This control must be cornpleted before Lhe seedcut, while needle ritter accumulation is suificient to fuelrelatively hot surface fires and a seedring stand has not yet
been established.

The seed cut - This cut is rnade five years before theplanned harvest. Residual parent trees in the regeneration areaare marked to leave a density not exceeding 3Q fi'z of basar areaper acre (the goal is not an average qf 30 ftz; as this nightresult in reaving, for exampre, 60 ftz in one location to
compensate for a hole in another) of high-quatity doninant treeswith well-developed crovtns, favoring those with Sone evidence ofp-ast cone production. Although cone production per acre peaks inthe 30- to 4o-fEz basar area per acre range, the lower end of therange.is preferred, as logging-related seeating Iosses increasewith increasing density of the overstory rernoved (Mapre j,977b) .

The dominant trees in the shelterwood stand wiII capture
some of the rereased growing space, so even when stand dlnsityhas been halved by the seed cut, rnerchantable vorume growth i;reduced onry about 30 percent (Farrar 1985). The sacrifice involume growth over a five-year regeneration period is not greatand, when considering the value increnent on high-qualityresiduals, the economic loss is likely to be teis €nan tne growthreduction alone would suggest.

A shelterwood stand still produces enough needle litter toenable continued prescribed burning with suriace fires hot enoughto check hardwood encroachnent. The stand is also dense enough !oretard growth of understory hardwoods, preventing thern fromreaching a fire-resistant iize during a 2- to a-year intervar
between burns.

Mortarity among overstory pines remains about the same, p€racre, after the seed cut as it was before. Long-term observationsindicated an average annuar mortarity of one tiee per 2.5 acres,although half of observed stands averaged less than one tree per5 acres (Boyer 1979b). Much of this mortarity in sherterwood
stands can be salvaged in the final rernoval cut.

Monitor cone crops - Every effort must be made to utirizeany good seed crop that occurs following the seed cut. This meansthat estimates of cone crop size must be nade in advance. suchestimates are obtained by annual springtime binocular counts ofboth frowers and year-old conerets on serected sample treeswithin the regeneration area. These counts permit inticipation ofcone crops potentially large enough to regenerate the stand sothat cultural treatments for seedbed preparation can be carriedout before cones open in the fall.
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In practice, a total of 50 sarnple trees well-distributed
throughout the regeneration area are selected and rnarked for
annual springtime counts of flowers, conelets and, when
desirable, open cones frorn the recent cone crop. This number
should provide an estimate within about one-third of the actual
value of average cones per tree. BinocuLar counts are made when
both flowers (next year's cone crop) and year-old conerets (this
year's cone crop) are most visible (Croker 1971). This is a
reratively short period of time (2- to 3-weeks) in April or May
before the flowers are obscured by developing foliage but after
the enrarging conelets are easily seen in last yearrs foriage.
when counts are completed, they are used to estimate cone cropsize for the next two years. Flower counts are unreliablepredictors of cone crop size because of the highly variable
l-osses during the first year. Flower counts do, however, reliablypredict cone crop fairures. The conelet counts are fairry goodpredictors of cone crop size for the coming falr, and if-theyindicate an adequate cone crop (>750 cones/acre) is coming,action can be taken to prepare a seedbed. cones per acre are
roughly estimated by doubling the average conelet count per tree
and multiprying by trees per acre, whire average frower -ount pertree arone is multiplied by trees per acre (croker and Boyer]-975). LocaI experience data on ratios between counts and actual
cones produced can be gained by including counts of rnature cones(on the ground and in the tree) produced by each sampre tree.

seedbed preparation - Assuming that most woody vegetationhas been controlled, a prescribed burn within a yelr of seedfall
shoul-d be all that is needed to remove accumuLated litter andexpose sufficient mineral soil for seedling establishment. ff awinter seedbed burn is desired, it will be based on predictions
from the more unreliable flower counts. A seedbed burn based onspringtime conelet counts can be done as soon as scheduling andconditions permit. A late spring burn witl be more effective incontrolling any residual woody stens. A late summer or fall burnbefore seedfall will provide an adequate seedbed for twosuccessive cone crops, if these are in prospect. However, a burnat this time of year is more likely to damage or destroy anylongleaf seedLlnq? arready present in the regeneration area, andoften results in increased predation of }ongieaf seeds due torack of a right, protective ground cover, and destruction ofalternative foods.

rf, for some reason, a prescribed fire cannot be used toprepare a seedbed, then sone mechanical treatment (e.g. chop ordisk) to expose minerar. soil must be used. The combination trfire with a mechanical treatment may inprove seedringestablishment, but the increased cost mly not be iusfified exceptin the case of a marginal, cone crop, or if additi6nal control ofwoody vegetation is required.
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Regeneration survey - Regeneration surveys are initiated
before the seed cut to deternine the status of rongleaf pine
reproduction already on the site. If some regeneration il alreadypresent, another survey is taken a year after the seed cut. Thiswirl_ give rogging sLash sorne tine to decay and allow damagedseedlings to recover or die. status of regeneration is then
rnonitored through annual regeneration surveys.

The regeneration area rnay be comprised of differing forestcover typesr oF a diversity of overstory and understoryconditions. If so, it rnay be advisable Lo stratify the area intoreratively homogeneous units, with a separate survey conductedin each. A common.separation is that between longleai pine uplandand hardwood or pine-hardwood creek bottoms. The latter would notbe incruded in the.regeneration area. The uprand itserf rnay bestratified into units based on overstory or understory coniition=that afe expected to affect cone produclion or seedringestablishment significantly. rn practice, regeneration areas areusually smalI enough (less than 1oo acres) that stratification ofthe longleaf upland is not necessary.

Regeneration surveys are made in the dormant season when thegreen grass-stage seedlings are easy to see. Grass and otherherbaceous vegetation wirl obscure smarr longleaf seedringsduring the growing season, making them very hard to find.
Nested, circular sampre prots are easy to use and canprovide aIl needed information on the nunber and distribution ofrongleaf seedlings in the regeneration area. A minimum of 1oonested L/4-, 1-, and 2-milacre sanple plots should be distributedthroughout the regeneration area (at rlndom, if sample confidencelimits are desired). At each sanpie point a pin is stucf into theground to serve as center of nested circular plots. rf thesmarl"est (l/ -miracre) p)-ot is stocked with one or moreseedrings, it is recorded as stocked, ds are each of the twolarger plots. rf the smarrest prot is not stocked, the nextlargest (mi].acre) plot is checked, and if it is siocked, then itand the largest (2-nilacre) plot are both recorded as stocked. Ifthe milacre plot is not stocked, then the largest plot is checkedfor stocking. During the survey, data on the ionaition of thebgst seedling in each stocked plot can be taken, depending on thekind of inf ormation needed f or rnanagernent purposes. rnf ormationthat might be obtained includes:
(1) size of the best seedring in each stocked miracre/2-milacre plot, namely root-corlar dianeter and height, if dDy, tobase of terminal bud.
(2) Severity of brown-spot infection

each stocked milacre/2-milacre pIot.
The above will provide information on the
seedLings, especially j.f the area must bepreparation or competition controL.

on the best seedling in
survivability of these
burned for seedbed

104



Two-milacre stocking data provide infornation on the
distribution and condition of the best 5OO trees per acre, the
rnost likely crop trees in the new stand. Milacre stocking
provides data on the condition and distribution of the best l-,OOO
trees per acre, a better evaluation for young seedling stands.
Milacre stocking of 75 percent or more is the normal criterion
for successful regeneration after the rernoval cut, as this
indicates at least 750 welI-distributed seedlings per acre.
Quarter-milacre stocking is used to estinate the number of
seedlings per acre, ds there is a close relationship between
stocking percent and seedlings per acre (Boyer I977). Seedlings
per acre (Y) : [ (Loq(1-X) /Log(0.53) ]*a000; when (x) is the
proportion of guarter-milacre sampJ-e plots stocked with one or
more seedlings.

The regeneration goal is 61000 or more seedrings per acre
at reast one year old before removar of the parent overstory
(Boyer 1979a). This number arrows for rogging rosses of up to 50percent of the seedling stand and still leaves enough surviving
seedlings that the superior, fast-growing, brown-spot resistant
fraction of the stand wilr provide 3oo to 600 potentiar crop
trees per acre. Quarter-milacre stocking of 62 percent indicatesa seedling stand of about 6,OOO per acre.

The goal of 6, 000 seedl-ings per acre, whire optirnun, is notinfrexible and may have to be adjusted downward due to rocalconditions. some locations have a low frequency of good seedcrops, so the chance of reaching the 6,ooo seedring goal within areasonable regeneration period is poor. The number, size anddistribution of seed trees may also Iimit chances of reaching thegoal. Failure to reach the goal within the time prescribed forregeneration leads to the option of harvest forrowed byartificiar regeneration. However, the regenerati-on goal can bereduced by at l-east half and stilr retain a high prouanitity ofobtaining 500 wel-L-distributed crop trees per acre, particularly
if Iogging mortality is minimized through tareful suiervision.
The manager may decide to accept an established seedling stand ofas Low as 2,oo0 per acre, especiarly if final harvest i; due andno seed crops are in prospect, based on most recent flower andconeLet counts in the regeneration area. rf an inadequate
seedring stand survives logging over alr or part of tneregeneration area, the artificiar regeneration option is stirlavailable.
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smal.] longreaf pine seedlings (<0.4-inch root-collar
diarneter) need protection frorn firer so regurar burning in theregeneration area should be discontinued following estiUtishrnentof a good seedling stand. seedrings estabrished under ashelterwood overstory renain vulnerable to fire damage for sometine due both to their sLow growth and the presence of
accumulated needle litter fuel, particularly under the crowns ofparent trees. under these conditions, any fire shourd beprescribed only for a necessary objectivl (seedbed preparation,conpetition contror), with due regtrd for expected -=eearing
mortal ity.

The removal cut - once a satisfactory seedring stand ispresent, the parent overstory can be renoved. rr att has goneaccording to plan, the final harvest cut can be made on schedule,five years after the seed cut. However, the final removal cut canbe derayed, if necessary, due to management needs or marketconditions. seedlings can survive seven or more years under aparent overstory with no effect on survival, provided the standis not burned. However, seedling growth wirr ir" srow. whencompared to a seedling stand released fron oyerstory competitionat age one, a sherterwood overstory of 30 fEz basar area per acrewirr account for 70 percent qf the growth loss observed underoverstory densities of 90 fEz basar area per acre (Boyer 1963).
The best time to remove the parent overstory, in terms ofninimi?ing seedling mortality, is at seedling aql'r or z.Mortality at this time has averaged 35 to 40 percent (BoyerL974b)- By ages 3 to 5, mortarity has increased to 50 to 55percent with overstory removal. Logging related seedringmortarity also increases with increisiig density of ihe parentoverstory (Mapre.!977_b)^:"from 42 percent with rinoval of 20 iiz,to 54 percent with 40 ft', and 69 percent with Go ft2 basal areaper acre. rf density of the sherterwood overstory is 40 ft2 ormore in basal area per acre, it nay be best to remove theoverstory in two cuts rather than one. This reduces the load oflogging srash on the ground at any one tine, and can arso resultin additional seedling establishmlnt between cuts. Logging a"mug"becomes more serious once seedling height growth begins. Stemlessgrass-stage seedlings are less rikely to suffer serious damage,and, even when they do, are more liX-ly to sprout.
seedring'mortarity in removar cuts can be reduced withcarefur rogging and close supervision. Log randings shourd berocated outside the regeneration area if fossibrel and, if not,kept to an absorute minimum in size. Trartic shouid be confinedto a minimum number of designated skid trails. Trees should bedirectionarry felred, with butt toward a skid trair, and toppedand derimbed where they farl. Logging sLash shourd be dispeisedas much as possible, ds piles insure ross of seedlings buriedunderneath.
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Post-harvest treatments - Following overstory removal, the
principal factors affecting seedling developnent are competition
intensity and the brown-spot needre bright. Prescribed fire is
the most common cultural treatrnent used both to control brown
spot and slow the developrnent of competing woody vegetation.
Timing of the burns is critical, ds nis-tined fires can do more
harm than good. The need for a burn must be carefully evaluated
in advance, considering both the potential benefits and possible
damage to the seedling stand.

Regeneration areas should not be burned until at least two
years after the removal cut because of the excessive fuel load
and the vulnerabirity of smarr, suppressed seedrings to fire. Two
years aIlows enough time for both logging slash and accumulated
pine needle litter to decay and the seedlings to respond to
release.

The need for a brown-spot burn must be determined from a
survey that carefuLly evaluates seedring condition and the
distribution and severity of the disease. Status of the disease
must be based on the best, or I'cropr!'seedrings rather than the
average seedling in the stand (Croker 1967).

Brown-spot surveys are normally conducted during the
dormant season as part of the regeneration survey, ds described
earrier. The minimurn of 100 sampre plots in the regeneration
area, for which brown-spot data are taken, may be one, two, or
four milacres in size, depending on the manager, s goar for crop
seedlings: one miracre for the best 1,000, two-miracre for the
best 500, and four-mil-acre for the best 25o werr-distributed
seedlings per acre. The crop seedling on each stocked sample plot
is identified based on size, vigor, and freedom from brown =pot.Root-coLlar diameter, hei-ght, and the amount of the current
year's foliage destroyed by brown spot (estimated to nearest 10percent) are recorded. Nature and condition of fuels in the
regeneration area are also noted. The decision to burn can be
derived from this information and depends on severity of the
disease and expected mortality among crop seedlings from a cool
winter fire. rf average brown-spot infection on sample crop
seedfings exceeds 20 percent, then a burn is needed to control
the disease, provided it can be done without excessive mortality.
The burn can be made in the spring or winter following the
survey. seedlings in the early stages of height growth are most
susceptible to fire kilL, especially if heavily infected with
brown spot. Mortality risk for individuaL longleaf pine seedlings
sublected to a winter fire can be estimated based on seedring
height and percent of foliage killed by brown spot (Maple L916).
Since 10 percent or more of the stand should be resistant to
brown spot, nost of the crop seedlings may remain relatively free
of the disease. rn this case a fire need not be prescribed ior
brown-spot control.
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Release of a longleaf seedling stand from conpeting
vegetation will accelerate the early developrnent of the stand,
which has two major benefits. It wiII shorten the period of timethat a seedring stand wirr be vulnerable to mortality fromperiodic prescribed fires and severe brown-spot infeltion. on theaverage, it may take three years after overstory removar for
brown spot to reach a growth-retarding intensity in a seedringstand (Boyer 1975). ff crop seedlings reach a disease-resistaitsize by this time, a serious brown-spot probrem can be avoided.

Understory hardwood encroachment can be controlled withperiodic prescribed burns. Burns in the spring (May) are not onry
more effective in controrring woody competition, but arsoactuarly seem to accererate initiation of height growth byIongleaf seedlings cornpared to similar seedlings burned in tnewinter or not burned at al1 (Grelen rg7g, Maple L977a).

Tf, after the final remova] cut, a large number of fire-resistant woody stems are stitl present in tne regeneration area,and are overtopping and suppressing pine seedringi, then arelease treatment rnay be necessary, using a herbicide registeredfor this purpose. The cost of such a treitment wirl be hiqh, butcan be justified if required to insure survivaL and eventua]
dominance of the pines. This situation highlights the importanceof controlling woody competition in the regeneration area beforethe seedring stand is estabrished. prescribed fire at two--to-four-year intervars during the rotation is the most cost-effective way to attain this goar. The rast opportunity tocontrol woody competition efficiently and effe-tivefy is beforethe seed cut.

Modifications of the Shelterwood System

The sheLterwood nethod of rongleaf pine naturaLregeneration, dS described above, can be applied in threedifferent ways, although there are gradations in between. Theseare:

Block Blocks are associated with the establishment andmanagement of even-age longreaf pine stands. The block is mostlikery to be a forest stand approaching rotation age that hasbeen identified as a.management unit. etocx size cin .raryconsiderably. Most wirr falr between 10 and 100 acres in size,arthough some may be considerably rarger. The area is normarryenclosed, to the extent possible, within natural and artificilfboundaries such as roads and creek or river bottorns. This willminimize the amount of artificial firebreaks that must beconstructed and maintained, ds the block will also comprise aburning unit.
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Progressive strip - The strip shelterwood, as applied here,
aims to produce and maintain a range of age classes, from
seedling to mature stand, within the larger management unit.
Thus, completion of the cutting cycle will cover a rotation
rather than a short span of years that results in a relatively
even-aged stand over the unit. Strips are long and narrow, not
exceeding 200 feet in width, so that aII or most of the strip
will be within seeding range of adjacent tinber. Strip edges need
not be straight, but can meander to fit the terrain. Strips
shoul-d progress against the prevailing winds to facilitate seed
dispersal into recently creared strips. As the seed cut is made
on the first strip, the preparatory cut is made on the next. At
the next entry, assuming that a seedling stand has been
established on the first strip, the overstory is removed. At the
same time a seed cut is made on the second strip and preparatory
cut on the third. Any gaps or hores in the first strip resurting
from loggi-ng damage can be seeded in frorn trees on the second
strip. Strips progress across the Iarger management unit in this
manner. when the removal cut is made on the rast strip, it is
time to make the seed cut on the first strip, completing a
rotation. rf needed thinnings are made throughout the unit at
each entry, the two-cut method would be applicable, and thepreparatory cut omitted.

Group croup or "patch" sherterwood is descriptive ofregeneration areas too small to be considered blocks. The breakpoint in size between block and patch is rather broad and open tointerpretation. The principal difference is that the block is alarge management unit containing one age class, with much of the
boundary based on natural- or physical features or property lines.
Patches begin as small regeneration areas within a larger areathat i.s considered the management unit. As in the strip
shelterwood, patches are created and regenerated over time inorder to eventually obtain a ful-l range of age classes within theLarger unit. The shelterwood method is applied to patches in the
same manner as in strips or blocks. At each entry new patches canbe created, ord ones enrarged, oF both. rn practice, patchesinitiatly are likely to range from r/2 to 5 acres in lize. rfpatches are enJ-arged by successive cuttings, they may come toresemble rrregular strip cuttings.

The group or "patch" sherterwood rnethod of regeneration
descrj.bed here is a technique appplicable to eithei even-aged
management or uneven-aged management by the group-seJ-ecti-on
method. rf the former, the even-aged stands created in thepatches are identified and mapped on the ground and fol]owedthrough time. rf the ]atter, the entire nanagement unit istreated as a whoLe, with no formaL consj.deration given to thevarious age or size classes within the unit. Cutting is regulatedby volume or stand structure (diameter distributioni control. Thedifficulty and cost of prescribing and applying cutturaltreatments and cuttings to, and maintaining reiords oD, a largenumber of widel-y scattered smarr patches of varying ages strongJ-yfavors the uneven-age management opti-on.

l0'9



Management considerations - A block conprising an entire,
easily identifiable managenent unit within which an even-aged
stand is created and maintained is the easiest and rnost efficient
management method for longleaf pine, so this approach has been
almost universally applied to the species. bxamples of strip or
patch shelterwood are rare. Strip or patch cutting in longleaf
pine would be most applicable to small holdings where the owner
wishes to have egual representation of all age classes on his
property and, as a result, a fairly even flow of income and
expenses. The patch shelterwood method of regeneration would also
apply to those who wish to keep the size of cLearings small, ot
to develop the group-selection method of uneven-age management
for their forest.

The principal disadvantage of patch shelterwood for longleaf
pine is the exposure of seedlings and saplings of this
intolerant, pioneer species to prolonged suppression from
adjacent older stands. Competition from a waI1 of mature timber
extends 55 to 70 feet into an opening and can affect aII or most
of the seedlings in a clearing, depending on its size. Assuming a
cornpetition zone of 60 feet, 76 percent of a circular l-acre
opening is exposed to competition from the side, ds is 40 percent
of a similar S-acre opening. Some experience suggests that this
type of management could result in mean annual volume increments
substantially less than that expected of uniform even-aged stands
under similar conditions of site, stand density and rotation
Iength (Boyer and Farrar 1981, Farrar 1985). However, if the
Iandowner's management objectives include creation and
maintenance of the uneven-aged condition for his forest, the
change in structure and appearance generated by patch cuttings
may compensate for reductions in volume growth.

Another difficulty with both the strip and patch sheLterwood
is the use of prescribed fire, the principal cultural treatment
in longleaf management. Needs will differ with stand age. While a
shelterwood stand may need a seedbed burn, a seedring stand just
beginning height growth may need protection from fire. Confining
a burn to a single strip wilr be costly, due to the smarl area in
a singre age crass. with patch cutting, burning (or omitting from
a burn) just a sj.ngle age class wiII be impossible as each age
class occupies a nurnber of smalI areas widely dispersed
throughout the management unit. The manager can only adjust the
tining and execution of periodic prescribed fires to accomplish
priority objectives with mininurn inpact on the more fire-
susceptible age classes. The general resistance of Iongleaf pine
to fire damage throughout most of its life cycle and the breakup
of a single age class into a range of size classes should result
in minimal damage from careful prescribed fires.
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CONCLUSIONS

Natural regeneration of longleaf pine is a low-cost
regeneration alternative wherever there is an existing longleaf
stand with a sufficient number of good seed-producing trees. The
shelterwood rnethod of regeneration seems best-suited to the
habits and requirernents of this species, and assures that an
adequate seedling stand is established before the final harvest
of the parent stand. The approach can be adapted to meet a
variety of management objectives, and is especialry applicable to
the landowner who does not wish to make the heavy capital
investment required for intensive site preparation and planting
following clearcutting of the mature stand. Successful natural
regeneration requires careful advance planning, regular
monitoring of conditions in the regeneration area, and proper
tirning and execution of arr necessary curturar treatments.

The shelterwood system of natural regeneration has been
successfully applied to Iongleaf pine for over 3o years, covering
a range of geographic focations and site conditions. If, for lack
of an adequate seed crop or other reasons, natural regeneration
cannot be obtained within prescribed time rimits, the planting
option is always availabte.
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