Identification & Silvics of Ginkgo

by Dr. Kim D. Coder, School of Forest Resources University of Georgia September 2003

Looking closely at Ginkgo biloba reveals many interesting and unique features of this eldest of
trees. Ginkgo hasreproductivefeatureswhich areadvancementsonrelativescalled cycads, theconebearing,
fernor pam-likegymnosperms. Ginkgo sharesmany primitivestructural traitsof other relativeslikeconifers.
Ginkgoliesbetweenthecycadsand conifersingenetically adjusting and dealing with theworld containingmainly
highly advanced plantsand ahost of pests. For additional information regarding ginkgo taxonomy and natural
history, see Coder, 2003, Ginkgo: Eldest Tree Survivor, University of GeorgiaSchool of Forest Resources
publication FORO03-18, 5pp.

What isaginkgo? What are the features which differentiate a ginkgo from other trees? This
publicationwill listtheuniquebotanica characterswhich set ginkgoesapart from other trees. Althoughidentifi-
cationof ginkgoisusually not aproblem becauseof itsstriking attributes, therearemany peculiaritieswhich
haveinterest and hel p peopl e appreciate ginkgo asan ancient treewhosefamily membershave sheltered man
and dinosaursfor hundredsof millionsof years. Notethefollowing descriptionsarenot intended to betaxo-
nomicaly comprehensivebut educationd.

Leaves

Ginkgoleavesarebright green withatouch of grey incolor. Leavesareasimple, flat and broad. See
Figurel. Under highfertilizationlevel sor flooded conditions, |eavescan bedark green. Ginkgo canbeconsid-
ered generically a“ deciduousbroad-leaf” eventhough ginkgoisagymnosperm. Leavesarefan-shaped, witha
smooth surfaceexcept for raretricombes(plant hairs) inaxilsof veinsplits. Leavesappear to behighly ribbed
fromtheclear veinationlines, but veinsarebut dightly raised. All leaf veinscan betraced fromtheinitial two
veinsat thebladebase outward alwayssplitting into two veinsand widening theleaf blade. V einshavean open,
non-interconnected or crossing architecture. Theleaf surfacesiswaxy.

Leaf shapeishighly variable. The wide end of the leaf can be complete (entire) or have avariety
of cleftsand splits. A single cleft leaving two partially separated lobesis by far the most usual (i.e.
species name biloba or two-lobed.) Next most common istwo clefts through the leaf blade. Leaves are
2.0to 3.5incheslong with the leaf blade about 1.3 times wider than long (2.5 to 4.5 inches wide).
Stomates are recessed and almost completed concentrated on the underside of the leaf.

Leavesareattachedtothetreewithlongflexibleleaf stems(petioles), uptothreeincheslong, whichhas
asmall grooverunningitslength. Leavestendtoflutter andturninsmall breezesgenerating auniquerustling
sound. Leavesabsorbtheusua chlorophyll wavel engthsof light, but rel atively largeamountsof both usableand
unusablelight passthroughleaf and canopy. Total canopy light filtering and blockagearereduced by petiole
flutter, looseopen crowns, and limited absorption giving ginkgo an open, light-filled understory. Oneof the
most desirableand noticed attributesof ginkgo leavesisthegol den-yellow to clear solidyellow fall leaf colors.

L eavesand seed coatsof ginkgoescontain several seriousinsecticides, toxins, and physiologically active
compoundswhich reduceinsect, fungi, and bacterial pests. Fallenleavesdecomposefast becauseof the
residual nitrogen, phosphorus, and other el ementsremaininginthediscarded | eaves.

L eavesaredeciduousand tend to senescenceand absciseall together inoneevent. Leaves, flowers
and seedsall grow fromthick, short spurs(modified short brancheswith extremely shortinternodes) which
occur aternately along branchesandtwigs. Each spur usualy carries3-5leaves. Termina growthwhichhas
not devel oped spurs, carry leavesaternatively a ong the newly expanded shoot.
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Howering

Ginkgo is adioecious tree, meaning each tree is either amale or afemale. Tree sex can have
serious implications when femal e trees begin to heavily flower and generate seed. Approximately 0.5 %
of all maletreescan bear somefemalefruit (monoecious — both sexeson sametree). Bothmaleandfemale
flowersdangleonlong stemsgrowing from short branch spurs. Inrarenatural events, which now havebeen
accentuated by breeding, theflower stemissometimesformed aspart of aleaf bladeor can bedescribed as
winged. Therearenomeansfor easily distinguishing malefromfemal eembryosor seedlingsuntil they become
sexually matureand start togenerateflowers. A DNA test for sexing ginkgoisdifficult and not usually com-
pleted. Diploid chromosomenumber is24 (2n).

Maleflowersare soft greenish-yellow, short catkin-like coneswhich appear in Spring near theend of
brancheson short leaf spurs. Thereareusually 3-6 conesper spur whichare0.5t00.75inchinlengthonlong
dender stems. Ma econesripentoreleasepollenwhenfemaleflowersarereceptive — usually inMarchto
early April. Ginkgo pollenisalight, buoyant spindleshapewhenreleased. Ginkgo pollencangeneratea
number of alergy problemsduringtheshort timeitisonthewind. Upon pollen captureand enclosureby the
fema eflower, thepollen grain swellsto aspherical shape. Onemaletreeisneededin closeproximity toevery
fivefema etreesfor good pollination and viableembryos.

Pollinationisby wind blowing pollentothewet end of afemal eflower. Oncepulledintothefemae
flower onthedropl et surface, thepollenrestsamong thefemalecellsuntil latesummer. Asthepollenrests, the
femaletissuesgrow rapidly inpreparationfor fertili zation and embryo devel opment. Femal etissuespass
throughfour primary stagesof devel opment: arapid growth period until thefirst of July; aresting phasetill
mid-August whenthehard seed coat ishardened; aslow growth stageuntil early September whenfertilization
istaking place; and, rapid embryo devel opment through seed abscissioninlate September to early October
(withseedsfalling beforetheleaves.)

Fertilization of the egg cell buried in the seed occursin late Summer. Once the female tissues
areready, apassageway developsandisfilledwithliquid connecting the pollen holding chamber and the
entrancetotheegg. Thepollen producestwo swimming spermcells(ahighly unusual cell typeinplants). The
spermcellsswimtothefertilization entrance, onepullsitsway through theportal, swimstotheegg, andfertilizes
theegg. Embryo devel opment israpid and can besustained either onthetreeor ontheground. Pollination,
fertilization and embryo devel opment occur inthe samegrowing season, with seed germinationreadied for the
following Spring.

Femaleflowershavealong (twoincheslong) dender stemand grow from short spur branchesinMarch
toearly April. Eachflower stemhas2-3femaleflowersatitsend. Under stressful conditionsonly oneflower
succeedsingenerating aseed. Under good conditionspaired seedscan develop. Thereare2-5flower stems
per spur. Femaleflowersareabout 1/4inchlong, light whitish-green, round and held 1-3 flowersontheend of
aflower stem. Femaletreesarenot sexually matureuntil about 20 yearsof age (therangeis17to40yearsof
agebeforeflowering). Thereisonefemalecited asnot commencingtofruituntil 45yearsold. Graftedfemale
branchestendtoflower in 1/5thetimeasfemaleseedlings.

Because of therevulsion many Westernershaveto ginkgo seed coat odor, femal etreesareusually not
plantedinthe United States. Because of thispreferencefor maletrees, few peoplehave seenafemaletreeor a
seed of aginkgo. Ginkgoisusually propagated by mal e cuttingsgrafted onto seedling root stocks. Where
viableseed areneeded, malebranchesaregrafted onto femal etreesin variousplacesto assurepollination.
Ginkgo canasexually reproduce by expansion of short shootsand root initial sgenerated on theunderside of
largelower branchesasadrooping burl. Thisburl or aerial root can expand in diameter and grow downward
tothesoil. Theseaeria rootswill formtruerootsinthesoil and rel ease shootsonthetop of thebranch. Long
termsurvival of ginkgo on poor siteshostileto seed germination or seedling growth can befacilitated by these
aeria roots.



Seeds

Ginkgo seedsarecomposed of threefunctional parts: afleshy outer coating comprising 75% of green
seed weight; ahard, smooth, cream-colored, shell-likeinner coating; and, farthest withinaseed, anembryo
with 2-3 cotyledonssurrounded by alargeamount of nutritivemateria swhichwill support seedling establish-
ment and growth. To many peoplethefresh seedlookslikeasmall drupe (apricot or cherry) or aripeolive
froman angiosperm. Ginkgo doesnot generateafruit but aseed with afleshy coating. Theterm*“fruit” should
not beused for thereproductiveunit of theginkgo. NoteFigure2.

Theseedissmooth, oval, and approximately 1to 1.5incheslongand 0.9to 1.1inchesindiameter.
Thereareusually 1-2 seedsgenerated on each 3.5inchlong, greenish-orange, seed stem (peduncle). One
vegetativetypeinginkgo cultivated for itsstrangenessiswhere seed stemsand |eavesaremorphed into one
unit. Theimmatureseed coat isgreenishwith castsof orangeand a whitewaxy surface coating. Whenripethe
seed coat isgreenish-yellow with tan and orange streaksor patches. Thewhitewaxy surface coating (bloom)
coverstheseed coat andiseasily removed with your fingers. Theseed coat hasasmall apical scar or dot onit
far end. Seedsproduced tendto beevenly distributed between maleand female.

Thefleshy seed coat of ginkgoismalodorousand messy. Thesmell issimilar to caninefeces, rancid
butter, vomit, and/or rotting flesh. Thechemicalsresponsiblefor thesmell and thecorrosivequalitiesof theseed
coat onflesharebutyricand hexanoicacids. Theseacidscan causeskindamage. Thefleshy seed coat also
containsseveral seriousallergenic compoundswhich causeskindermatitissimilar topoisonivy. Thechemical
names, formulae, and proportion of total allergenicchemical concentration percentinthefleshy seed coat are:
ginkgolicacid (C,,H.,0,=80%); bilobol (C, H, (OH),=18%); and, ginkgol (C, H,,OH =2%). The
fleshy seed coat compl etely surroundsthe seed and minimizesoxygen flow totheembryo. Astheseed coat
decays, oxygeniskept fromtheembryo preventing germination. Seed germinationand seedlinggrowthrequire
moist but well-drained minera soil andfull sunlight after theseed coat isremoved.

The seed coat odor devel oped to attract reptilian carnivoresto consume, scarify, and transport seedsto
new locations. Today animalswhich makeuseof ginkgo seedsasafood sourceare opossums, squirrels,
raccoons, skunks, largefruit eating birds, and rodents. Someof the seedsconsumedwill survivetogerminate
after passagethroughtheanimal’ sdigestivesystem.

Asthewhol eseed growsthrough summer andintothefall, remember pollination hasal ready occurred
and pollenispositionedtodevelop andfertilizetheegg. Aslate Summer andearly fal arrives, fertilizationis
completed andtheembryo rapidly develops. Seedsfound ontheground and onthetreeinlate Summer may or
may not containafertilized egg. By early Winter fertilizationiscompleteinmost seeds. Thefemaleinitials
whichgeneratetheembryo are uniqueamong treesinbeing photosynthetically activeintheseed. Theembryo
also can harbor symbi otic simplea gae cellswhich functionto stimul ate germination under the proper light
conditions.

Seedsbegintofal inearly Fall with both unfertilized eggsandrapidly devel opingembryosinside.
Usually, any naturally absci sed mature seed with maturemal etreesintheareawill havedevel oping embryos
present. Fromearly Fall tolateFall, theembryosdevel op. Thisdevelopment and growth periodfor the
embryoisessentia for seedviability. Seed selectionfor viability should bemadefrom either thetreeor the
ground beneathinearly Winter. Ginkgo usually bearsaheavy seed crop every other year with some seed
produced every year. Heavy seed cropsweight branchesto the breaking point under good fertilization and soil
health, leading to branch damage. Seedsareabscisedin September to October, fallingjust beforetheleaves.

Toplant seedsfor seedlings, gather seedshanging fromthetreeor onthegroundinearly Winter. Scrub
the seed coat of f with water and rinsemultipletimes. Allow seedstoair dry for several day toaweek. The
cleaned seedscan bestored dry at 40to 45°F until early Spring. Seedscangerminatein 8-10weeksafter a
latefall or early winter collection. About 90% of al cleaned, undamaged seedsfromfemal estreeswhich have
mal etreesin closeproximity will germinatethefollowing springif they werecollected noearlier thanearly
winter. Survival ratethefirst twoyearsshould be40-50% of al germinating seeds.

Fungal attack, seed predation by animals, and drying of newly elongated rootsand shootsgenerate
significant mortality. Plant seedsinawell aerated seedbed of minera soil and cover withaninch of minera soil.
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A thinlayer (<1inch) of organic mulch canbeapplied over thetop of thesoil. Theseedbed must be protected
fromanimal thieves. For further information on collectingand handling seeds, seethe publication by Coder,
2003, Ginkgo Seed Collection & Preparation, University of Georgia, School of Forest Resources, Publication
FORO03-21, pp. 2.

Seed Coat Dangers. Theseed coat chemicalsproducingtheputridsmellsarehigh
levelsof butyricand hexanoicacids. Butyricacid (C,H,O,) isathick, colorless, water
solubleliquidwhichisflammablein pureform. Itisanatural fatty acidwhichcanbe
synthesized and usedin manufacturing sometypesof plastics. Butyricacidisfound
chemically boundinanimal generated productslikebutter orinhumansweat. As
bacteriafreetheacid, it generatesthedistinctivescent. Symptomsof being exposed
totheodor are: nausea; skin, eye, andlung burning; and, severerespiratory tractirritation.
Theacidiseasily absorbed throughtheskin. Personal safety demandstheuseof gloves,
eyeprotection, and protection of bareskinfrom contact. Respirator useis
recommendedfor prolonged diffuseexposureandinsengtiveindividuals.
Hexanoicacid(C,H,,O,) isathick, oily-looking, colorlessliquid, which
isflammableinitspureform. This acid hasadistinct, unpleasant odor likebutyric
acid. Hexanoicacidiscorrosivetotheskin, anirritant totherespiratory system,
and can causeburning painintheeyes. Itisharmful to aguatic system health.
Ginkgo seedsshould not beallowedtofall into or collect in ponds, streams, or pools.
Thefleshy seed coat a so containsseveral seriousallergenic compoundswhich
causeskindermatitissimilar topoisonivy. Thechemical namesareginkgolicacid, bilobal ,
andginkgol. Thechemica sareabsorbed ontotheskinsurfaceandinitiate anitching
and burningreaction. Becausethe chemicalsareuniqueto ginkgo, apersonnot sensitive
to poisonivy / poison oak / poisonsumacallergenic chemicalscan still besensitiveto
thisginkgodlergenmix.

Twigs/Buds/Bark

Ginkgo hasthick twigswith many short, thick, greyish-tan spurs0.5to 1.5incheslong. Spursgenerate
theleaves, flowers, and seeds. Budsarebrownand rounded with scruffy looking scaleedges. Leaf scarsare
half round. Ginkgo bark islight browntobrownishgrey. Thebarkiscorky, low density, and deeply furrowed
withflattened shiny ridgetops. Thebark containsmany drusesor crystalsof calciumoxalate.

Largelower brancheson someolder ginkgoescan devel op (primarily in responseto wounding) droop-
ing bulbousburlsor wood massesontheir undersidesgenerically called“chichi” (lignotubers). Theliteral
trandation of thistermandthisgrowthtraitisteats, tits, nipples, breasts, or stal actites. Thesegrowthsareaeria
rootsderived from dormant shoot growing points, which grow downward and reach the soil generating roots.
Thetopthen generatesshoots. Thisdevel opment processcan|ead to expanded support of thetreetop and
serveasan asexual propagation means. Thistrait hasalso been selected for usein cultivars. Thesegrowths
haveinthepast been usedto generatebonsal plantingsby cuttingthegrowth off of thebranch, invertingthe
sectionand placingitinmoist soil. New rootsand shootsare generated and an old mature-looking ginkgois
producedonasmall scale.

Wood:

Ginkgowoodislight, soft-textured, fine-grained, flexible, and lustrouswith apaleyel lowish color.
Ginkgowood handleswater exposure better than most woodsasit doesnot easily warp or check through
many wet and dry cycles. Therearemany intercellular spacesinthewood, makingit muchlessdensethan
many other gymnospermwoods. Tracheidsarethin-walled and raysarenarrow. Ginkgowood hasprimary
and bordered pitsinxylemonradia wallslikeconifers. Thewood containsscattered drusesor calciumoxalate
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crystals. Thesecrystasintheliving portionsof thetreearephysiologically activesurfacesfor warehousing
excesscacium, especialy inhighpH/high calciumsoils. Sapwoodiseasily and quickly col onized by wood
staining fungi around woundsor when harvested. L umber should bepromptly dried. Useof antifungal agents
may berequiredto preservewood appearance. Ginkgowoodisused for trinkets, paper making frames,
cutting boards, brewingvessels, furniture parts, lacquerware, householditems, carvings, handicrafts, and bowls.

Special Uses

Inmodernlife, most peoplefirst hear of ginkgo through marketing of herbal food supplementsand
medicines. Ginkgoleaf extractsarealargehealth chemical business. Pacificrim nationstendto usethemedici-
na valuesof ginkgo asfound inthe seeds, whileWestern nationstend to concentrate on medicinal extractsfrom
leaves. Thecompoundstakenfrom ginkgo havebeen cited throughtestimonias(Note: thereisalack of clinical
tria ssupportinganumber of claims) to helpalleviatesymptomsor cure causesof everything from cancer to
asthma. A ginkgoleaf production plantation, similar toamechanically harvested teapl antation, i slocated near
Sumter, SC.

Based on the number of different claims, digestive and urinary tract problem solutions and
increased blood flow are the most common medicinal citations. Receiving less publicity on the internet
and within the general public information systems are a number of negative side-effects, some extremely
serious. Some ginkgo parts extracted or treated in one way may have different impacts on health than
the same part treated in another way. Dosage and content of active ingredients (and carriers) can be a
problem. Deaths from poisonings and allergic reactions have occurred.

One use of ginkgo seldom highlighted in the United States is seed production for food. Ginkgo
seeds have been cited as human food for more than 2,100 years. Thefirst food uses were reserved for
the elite and wealthy. Ginkgo seed consumption was not considered common until about 700 years ago.
Cleaned ginkgo seeds can be boiled, baked, roasted, or steamed. Ginkgo seed are similar to pistachiosin
thefleshy seed coat discol orsthe hard seed coat requiring bleaching or colorantsbeusedto hidestains(or the
seedsbe harvested promptly and the seed coat immediatel y removed). Theseed splitsopendlightly after
cooking. Thethinpapery inner seed coat insidethehard shell canbeeasily removed likeapeanut skin.
Cleaned seedshavebeen eatenraw inextremely limited quantitiesfor medicinal purposes, but thisisconsidered
dangerousand|life-threstening.

Many peoplehaveallergicreactions(similar to peanut allergies) to both raw and cooked ginkgo seeds.
Ginkgo seedinany form should not begivento childrenunder six. Children aresusceptibleto ginkgo seed
poi soning (gin-nan poisoning) caused by ginkgotoxin (C,H,,NO,) withintheseeds. Inaccidental consumption,
over indulgence, or timesof food shortages, ginkgotoxin hascaused astrychninetoxicity. Of thepatients
reported, 74% were children and total mortality was27%. Most of themortality dataisold asrecent poison-
ingswith prompt medi cal attention showed no death or no permanent disability. A quick treatmentisavailable.

When the hard seed covering of aroasted seed iscracked open, theseed meat insideissimilar intaste
andtextureto astarchy pineseed (nut) or achestnut. Ginkgo seedsare most often purchased without the
fleshy seed cover andlightly roasted. Thecleaned roasted seedismost commonly served saltedwithricewine
(sake) or other alcoholicdrinks, or aspart of desert foods. The cleaned seedscan bedyedred andtreated like
pistachiosfor cel ebrationsand weddings. Theseed hasabout 4% protein, 2.5%fat, and 35% carbohydrate
primarily asstarch. Theseedisagood sourceof niacin (vitamin B complex).

Removingtheseed coat iscritical for proper roasting and safe consumption. Thefleshy seed coat
carriesanunpleasant or repulsiveodor. Thesamechemica swhichareresponsiblefor theodor cause serious
skindermatitisand skin corrosion. Thesechemicals, and theassociated brew of allergensand other compounds
intheseed coat, can beleft torot away or mechanically removedfromtheseed. Alwaysuselonglatex orvinyl
gloves, withfull eyeprotection, for collectionand cleaning.

Collect seedsinaplastic bucket, fill with water, and then squeeze and rub the seed coat of f of the
seeds. Seedscan beleftinthewater for many daysto allow thefleshy seed coat torot away. Thewater and
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the seeds should not beallowed to touch unprotected skin or soak into clothing. Onceall of theseed coat is
removed, allow theseedstodry inthesunfor at least acoupl e of daysto aweek. Consider theseedsaskin
and eyehazard until completely cleansed of the seed coat remnantsand fully sundried. For furtherinformation
see Coder, 2003, Ginkgo seed Collection and Preparation, University of GeorgiaSchool of Forest Resources
FORO03-21, 2pp.

Conclusons

Ginkgoisawitnessto Earth’ secological history. Ginkgo representstheol dest seed plant lineage
commoninour surroundings. Ginkgoforestssheltered thebeginning andtheend of thedinosaurs, and therise
of many genetic dynasties. Acrosstheages, ginkgo hasdeclined until it now servesasapet, companion, and
serviceprovider for people — not domesticated, just driveninto ecol ogical submission. Ginkgoisworth
cultivating and appreciating for itsancient and modernval ues.
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Figure 1: Silhouette of assorted sexually mature
female ginkgo leaves harvested on
September 1. Note variability in leaf
stem (petiole) length.
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Figure 2: Ginkgo seed cross-section through the long axis

showing various protective coats of the seed.
(seed harvested September 1)



