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MESSAGE

Dear Friends,

Behold the latest issu€a@fADSOur tireless editor, JS Khuraijam, has worked to gather and compile the latest news
conservation and science, presenting advancements in all aspects oinfpeéentssemaire in his debt.

We include here two inspiring feature articles. Irene Terry and Claudia Calonje put forward an accountiohlow ex
improve the understanding of conservation challenges. On the in situ side, toapealaigldedount by Nathalie
Nagalingum of her recent expedition to Queensland, in seatplrasipieeies- including one named for Irene Terry!
Krge?ifb$SpctlohctfiicfiirjfkMqgbc¢dbkhbqghdeppérierce fhese diredt |
observations are so valuable to the work of the Cycad Specialist Group (CSG), and we also include an upde
taxonomy (Tang, pH@dased on recent fieldwork.

Please let me also use this space to share adpfénet (photo). Thiscephalartos laurentiagusning at Montgomery
Botanical Center, was obtained as seed from the National Botanic Garden of Belgium two decades ago. This ind
used in numerous studies by CSG Members and otheise placksagudied herein by Khudiitpagel9. The blue
tape on this plant shows that we pollinated this individual (sefealCpéagE9, to provide material which reduces pressur
on wild populations. Here, this plant is featuregicabbotany course, to teach conservation and diversity. Students fr
different nations learned cycad conservation thatmachisgudent can help spread the word about these living treas
including through the use of CSG resourgess@ha d pgl kK¢ # ¢ K"r"d?2d.f kdr j $pckbt Esf a

Please see also the series of recent updaiegiorcluding phylogeographic and anatomical findings, as well as a fasci
look at its microbiome, each led by CSG Members Jose S&ddgaitargetica Cibridaramillo, and Andrew Vovides.
These advances[lWoorresearch are just a portion of the great concentration of cycad work underway in Mexicc
announcement for tBENGRESBEXICANO QEEADASthis coming October.

And speakg of upcoming gatheri#@ysA2018s announced here! The Cycad Society o
South Africa is preparing a unique gathering, and our Specialist Group will be meetil
days prior. | am working with the CSG leadership and our hosts in Sayahi2drimarto o
work for next summer. It will be great to get together again!

M. Patrick Griffith

CaeChair, Cycad Specialist Group

Executive Directdgpntgomeotanical Center
FloridaUSA

o

N patrick@montgomerybotanical.org
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Figure 1. Oppallinated ovulate plant from 2016 coning year that has develd ping se

Using cycads in  ex-s/tu gardens
for conservation and biological studies

Irere Terng Claudia Calonje

—

Cycad Aulacaspis scale (Ch#caspisFlorida, where pests are managed. TResefrom individual mother plants were
yasumatsthias been attackifigcaspecies plants serve as genetic and seed sourcascissioned, sown in community pots, and
throughout the world, but the greafesire conservation work. At MBC we tragked separately. Resulting seedlings were
devastation has beeywas micronesita been using thesg sifplants to further ouplanted in eight different areas at MBC. The
Guam, Rota and other islands in the Westestigations into the sexual reproductiéirsb$eedlings were planted in 2009 in groups
Pacific Oceaince the pest invaded thefese wes. A thorough understanding ofahigp to 15 plants derived from the same
islands. In Guam, plant surveys that started *a$p ¢ ml i i f kA g f indivilualppopulgtiorjs.CAll plants iwére kepti
soon after the CAS invasion in 2003 indietgemine management approaches forfdvofitom othe€ycaspecies. Table 1 shows
that over 90% mortality of adult trees land term plant and pollinator survival. the year of the first appearance of cones for
100% mortality of seedlings has occurred in each surviving plant from each year of
less than ten years (Mafletawrence, In Guam, we discovered that many inpketting for both ovulate and pollen trees. Of
2012). dnservation efforts have focusedsisit both ovulate and pollen cones ofirtesest is that pollen trees gdgaroduce

a number of management options inclggexjes, Ut only one species appeamnes earlier than ovulate ones, and the
biological control, but none have lomgyable of being a primary pollinatoseand year after planting is the year that
adequate to slow down tree mortalitymikrolepidopteradviatrachynp. (Terrgt most plants produced their first cone. All
further attempts to save this cycad, saé@d809). We also determined that in certaias emerged in the springtime with some
were collected in 2007 from multiple rediabgats, specifically more open habéatsarly as February, but most cones emerge
on Guam arRbta (Calonj2008) and thenwhere trade winds are strong, that windins April. The peak timifigegeptivity in
planted over several years at #wegfu potetial vector for at least up to 8 awulate cones and of pollen dehiscence in
locations: on the island of Tinian in dbnwind from coning pollen trees @witen cones was late April through\kday.
Marianas where this cycad and CASpassibly farther (Hamatla/ 2015 a,b). Ta@lso found that sorvelate cones are open
absent; and at two botanical gardens, ftlogv up on these studies, we have Ipedinated and produce viable embryos (Figs
Nooch Tropical Botanical Garden in Thailastigating the pollination of this cycatl atd 2).

and MontgomeBptanical Center (MBC)NMBC. Seeds collected in 2007 from Guam and



Table 1The first coning events for ovulate and pollen plants from seeds collected in Rota and Guam in 2007, asgDplgraad during

mortaty as of July 2017

Planting year

2009 2010 2011
Yeamssessed Ovulate Pollen Ovulate Pollen Ovulate Pollen
2011 1 5 0 0 0 0
2012 10 14 0 2 0 1
2013 5 5 10 16 4 6
2014 2 3 19 6 10 17
2015 2 0 2 3 5 0
2016 all coned all coned 2 0 6 0
2017 al coned all coned all coned all coned
Total coned 20 27 33 27 25 24
Died after coning 1 1 3 4 2 2
Died before coning 15 6 21

Figure. Embryo inside a developing seed fromaolloptsd plant that coned in 2014

We are continuing studies to investigatemicronesican the island of Guam: A

whether insects or lizards act as pollencomparative usty. HortSciencé0 (7):

vectors. As this part of Florida is buffeted b$1061117.
northeastern trade winds we are alddarler,
investigatg wind as a possible vector.
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extinctionMontgomery Bot. NEB§l):
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257 S 1400 E., Salt Lake City, UT 8411

Claudia Calen;j
Montgomery Botanical Center,
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Collecting cycads in Queensland, Australia

Nathalie Nagalingum

In Australiaiycass found in the north of thhegion much of thendais used forsignificant leaf damage with no recent leaf
continenprincipallyn the Northern Territoggriculture, and so | found very gowth.
and the state of Queenslandapdunsaller populations of. medigFig. 1darkblue

. . - The main part of the field trip was centered
number of species in Western Austradiants). )
After a field trip in 2015the Northern around the city of Rockhamatited &ocky

Territory, in late 2016 | set out to co|IeIE‘Fn trsvellled _so;th _and_codl@j@és |t_)|y Iocalﬁ, ancé;s famﬁnu;pe;gf prodluctiorlm
samples in Queensland (Fig. 1). My goa{%@ggﬂe{ ig. 1, pin p0|n_ﬂ$)|st e most ere to _ecte ycas ophiolitiFéag. ! tea

: : égcently described specieCyfasfrom points; Fig. 2), so called because it occurs ol
to collect four speci€ycas media, Cyc ’ . . ) _ 4

Australia andvas formerly considered serpentinrderived soils (ophios, Greek for

hybrid betweerCycas mediand Cycas serpent or snake). The species faces
ophioliticaForster, 2011; Hill, 1992)e pressures from development, and there was
species was describedDoyPaul Forsteevidence thabme plants had been relocated
| began the field trip in the beachside cif@uéenslaneétdariumBrisbaneand named(Fig. 3).
Mackay, known for its large sugar danethe cycad biologist Dr Irene Terr : .
industry. | visited many locations with(theversity of Utah). There were few plaﬁts}/ﬁxb”d oiCycas aﬁh/folétlmkrc]i Cycas Fi
goal of collectinGycas medfa its most the population, and they showed Sigr{lyegacarpn;curls:_sozt of Rockhampton (Fig.
southerly occurrences. However, in this » green point, Fig. 4).

terryana, Cycas ophiolitiead Cycas
megacarpplus the hybri@ycas ophiica
X megacarpa.

oA

= T > v
Figure Reproductive structuresyofis ophiolitiéa.Mature seeds, B. Young pollen cone.
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1.3

megacarmaMaturing seeds, B. Dispensgerminated seeds located at the base of the mother plant.

Figure 55eed ofycas

The hybridccurs in close proximity withconservation, population genetics, aR&ferences

Cycas megacafpay. 1, burgundy pointstaxonomy. Thereras fewer sites than | ForsterP.l. 201ycas ferryaR& Forst.

Fig. 5).Cycas megacariza the most expectedand has been cleared for (Cycadaceae), a new species from
southerly species 6Jcasin Australia. agriculture and plants likely stolen from the central Queenslatistrobaileyd(3)
Again | noticed that some phavs been wild. Unfortunately, cycads are the world's 356363.

relocated, due to developments. Othmpst endangered plants and searchiddl, K.D1992. A preliminary account of
plants were growing along roadsides, umsuccessfully for these plants reinforces Cycas(Cycadaceae) in Queensland.

private properties, and in national parks. this sad reality. Telopes(1) 177206.

i 1|(|) dayjtlra\’ﬁ”ed almlost ?'OOO km, alnq'his field work was supported by a grant Nathalie Nagalingum

! collecte Ie?l et sar:np es from d}:.?’ PaRSm the Palm and Cycad Society of il nnagalingu@calacademy.org
in 17 populations. These samn@dseing Au&tralia. California Academy of Sciences
used to improve our understanding of cyca

T COMGRESO

[TEXICAT0 =

CICADAS

LS CCADAS: HUESTROS CONOCITIENTOS EN conseRAcion, bertocrArin, 2 O 1 7
ESTRUCTURAL, ETHOBOTANICA T GENOMICIY/SISTENATICH. XALAFA, VERACRUZ

Seeannouncememnt page3
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RESEARCH & CONSERVATION NEWS

News from the Entomology Group
Willie Tang

The international effort to identify an
taxonomically describe insect pollinators
cycadsn the northern hemisphere achievi %
a major breakthrough in May 2017. Ba:

on recent field surveys in Thailand, Inc
Vietnam and other Asian countries, as v ; 3
as study of museum specimens the erot o ¥ —
beetle genuCycadophilaas reviewed 3 ’
(Skelleyet al. 2017). Erotylid beetles hawvi
been found on cycad cones in all major cy &
regions, including Africa, Australia, Asia ¢ &%
the Americas. X a/(2015) erected the =
Asian genu€ycadophildbased on both
morphology and molecular characters, 8
siste genus ofPharaxonothahich they
recognized as being confined to the N
World. In this latest publication Slklley
al.(2017) recognized a total of 21 species
Cycadophji&3 of which are new to science
While many species@yfcadophiteppear
to be obligate specialists on the gen
Cycas feeding and reproducing only @
Cycasones, other member&fadophila Figue 1. Above: adult 6lycadophifaubgenusr8bilophiyiepja probable pollinator of
may be facultative visitors to cones or m@ycas elongaénd C pachypogabelow: larva of the ger@egadophifsubgenus
have no association with cycads. TI8gobilophijareproduced with permission from Zootaxa.

contrasts with the situation in the Americas

where all known speciésPbaraxonotha both cycads and cycad pollinators can bsubgenus and thirteen new species.

are specialists on cycads, with the exceptione confidently devised. Zwlaxd267 (1)-43.
of just one speciedVith this latest Xu, G., W. Tang, P. Skelley, & SLiRich.
publication and two previous publicatiGteferences (2015) Cycadophjlaa new genus

%L$?20f bk¢ #¢ dak2015)/ |- $iéh,)CE WU and W. Tang (2015) RevisiofColeoptera:  Erotylidae: ~ Pharaxo
approximately half of the cycad cone beetlesf the New World cycad weevils of the nothinae) inhabitir@ycas debaoensis
in the northern hemisphere Hzeen subtribe Allocorynina, with description of (Cycadaceae) in Af@olfax8986 (3):
described. Two other beetle groups, thewo new genera and three new 251278

cycad weevils of Asia and the erotylid subgenera (Coleoptera: Belidae:

beetles of the New World, remain to be Oxycorininagootaxad970: B7. Willie Tang
reviewed before this initiative on north&kelley, P., Xu, G., W. Tang, A.domdst r] william.tang@aphis.usda.gov
hemisphere cycad beetles is complete. Onddarler, J. S. Khuraijjam, R. Singh, R. ‘USDA APHIS PPQ South Florida,
a fairly thorough taxonomic framework hafRadha & S. Rich (2017) Review of P.O. Box 660520,
been erected for northern hemisphere cycadCycadophilaXu, Tang & Skelley Miami, FL 33266, USA

pollinators, it will facilitate studies on cycad (Coleoptera: Erotylidae: Pharaxo
pollination ecology by local students andnothinae) inhabitialycagCycadaceae)
researchers and conservation policies fom Asia, with descriptions of a new

10 CYCADYolumd | Issue 1August 2017



RESEARCH & CONSERVATION NE\

Dioon : the cycads from forests and deserts
José Said Gutiér@@rzega, Kem Jiméne2edillo, Takuro KtigueAngel RézFarrer& Andrew P. Vovides

There are few plant groupsexhibing conservatimtrategiefor Dioointhefuture.
greater habitat versatility than cycads.
Despiteheirconservativaorphologiesd
ecologicalfunctionalitiesmoderncycad
wereableto evolveinto a greatvarietyof
habitats in almostall continentslt is
interestinghat somelarge cycadgenera,
suchas Zamiaand Cycgshaveachievea
great habitatvariationby reachingoroad
continentandislandlistribution8utnow
ourattentions focusednarelativelgmall
cycadgenus,Dioopndue to its surprising
combinatioof a restrictedlistributiorand
wide habitatvariatiorrangingrom humid
forests through mesic environmentdo
deserts. ® Sampled populations

KJ

Sonoran Desért

Tehuacan-
Cuicatlan
Desert

= Mountain chain axes

Fourteenpeciesfthegenusarerestricted
to tropicalecosystemsccurringlongthe hiican:cessna
mainMexicamountaighainsOnedisjunct Distribution range of Dioon spp
speciesis endemicto Honduras.The
congruencpetweenMexicantopography Figurel. Thedistributiomf the genusD/ioorepictshe occuenceof the tropicaforests
and the geographidistributionof Dioon alongthe mainmountairchainsof Mexico Howeverat leasttwo deserthaveexpanded
(Fig1)suggestthatorogenphasgiverrise  towardsthe distributiomangef DioonTheexpansionf the TehuacéBuicatlabesert
to tropicahabitatavherethe genusDiom  reachedhedistributiomangeof onecladecontaimigthe populationa (D. meroldg B (D.
inhabits.At the sametime, evolutionof  califandandC (D. caputdiParalleto this,the expansioof the Sonoraeserpromoted
tropicalecosystemsiighthavedriventhe  habitatdifferentiatiommongdifferentpopulationsf D. sonorens@F).Insetshowsthe
diversificationof Dioon To test this  phylogenetielationshipsf the populationg/e are studyingrevealedby chloropladdNA
hypothesisye are researchingnto the  sequence&du= Eduleclade Spi= Spinulosutiade Population&F corresponit those
evolutionaryistoryof Dioorin the lightof ~ shownnFig2.

associationisetweerhabitatvariatiorand
interspecifigariation

Some of the most interestingclimate
variablegxplainingabitatvariatiorwithin
Dioonare those relatedto aridification.
Aridificatiommasbeenanimportantlimatic
factor in the diversificatiorof tropical
ecosystems Mexico,andit mighthave
also influencechabitatdivergencamong
Dioorpopulations/speci@sgl).Wehave
surveyedthe populationswithin two
differentcladesto documentheir habitat
andpopulationlifferentiationéig 2). We
planto usea multidisciplary approacio
obtainevidenc®n ecologicalgeneticand
structurafactorsthat allowedthe genus
Dioonto attain such remarkablénabitat
differentiationn relationto aridification

Mesic Semidry Arid
(Fig.3\Wethinkthatthe evolutiorf Dioon Figure. Atleasttwo Dioorrladeshowhabitadifferentiatiothroughowdriditygradients.

towards arid zonesmight representan Wherea®. merolagA)inhabimesidabitatsn the Stateof Chiapas). califanaBlandD.
importantstep in understandingycad caputgiCpccuindrierconditions the Stateof PueblaMoreover). sonorensgcurérom
adaptatioo changingnvironmentSuch the northernmodtopicalforestsof northwesteriMesxco (D),towardsthe populations

knowledgwill contributéo makeeffective collidindEprndembeddingytheexpansiooftheSonor®eserF).

CYCADYolumd | Issue 1August 2017 11
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RESEARCH & CONSERVATION NE\

The biodiverse microbiome of cycad coralloid roots
Pabl@uareMoo& Angelica Cibridaramillo*

Figure .JA. Photo showing an example of coralloid rd@tofvamero/frem Mexicd he cordike structures can be observed in small clusters,
B. Transversal cut of the coralloid root tip, the cyanobacterial zone can be seen inside the opened root (arrow).

Cycads are the only gymnosperms anQuihresearchgroupsearchedor different peptideproteasenhibitorsand othersthat
oldest lineage of plants that haeeiadized bacteriabpeciesandtheir functionsn the we arefiguringoutwhattheydo insidethe
roots in small coliadk shapes, termedhicrobiomef coralloidootsof specieof cycad.Interestinglysomeof these genes
coralloid roots, which have the functiothédexicargenusDioorthat we sampled were not foundin genome of freeliving
harbor symbiotic bacté&ravious studies dromseverahaturahabitats\We sequenced cyanobacterieomparedo the groupthat
the coralloid roots that trace back as fdraateriasolatesandshotgurmetagenomesonlyincludesycadsymbiontsyhichfromits
the 19 century, mostly report a simpfe cocultures of many bacteria phylogengppearso be a verytight group
bacterial community coeghoxf a few orsimultaneouslmndalsomassivelgmplified indeed (Cruz et a/ http://biorxiv.org/
many strains of cyanobact&fiafocand the 16s rRNAgenedirectlyfrom coralloid content/early/2017/03/27/1211607hese
less frequentlGalothrixNe were inspiredroots, endingup with millions of DNA resultssuggessomedegreeof coevolution
to look in more depth at the coralloid seqtiencethat belongto differentbacteria betweercyanobacterandtheirplanthost,
microbiome, understood as bactgrmps. The usual suspectsof MNostoc whichwe arein the proces®f confirming.
communities and their genomes, based ogpahebactenserefoundaswell asnewly Finallywe thoughthatif the coralloidoot
observation that in the poéinfection ofreported Calothrix and  Tolypothrix microbiomis reallysoimportanthemother
the coralloid roots bacteria can entercyfamobacteriincrediblywe alsofoundat cycadhasto ensuréts inheritanceia the
plant through natural breaks in the reeist200diffaent generdivinginsidethe seed.We lookedin the embryoand the
epidermis layer and thus the infection cauddloid root, including Burkholderia,megagametophyté D/ioonand we found
be open to many bacterial groups. But, v@fgrnetrophomonasAchromobacterand four generathat are the sameas in its
it important to know if the bacter@bizobiymvhichareknowmitrogeifixersn coralloidoot,andthatcannobefoundnthe
community in the coidlloroots is otherplants Therewerealsomanytaxawe malecone Ournextstepis makesurethey
taxonomically simple or diverse? We shilhkio not knowto whichfamilyor genus areindeedhe samespeciessthe rootvia
that the association cyeacteria hastheybelongo, ard couldbenewspecie®r the deepcomparisonf theirgenomesSo
conferred important evolutionary advangeyera(Cruzet a/, 2017 http://biorxiv.org/ thusfar our work showsthat the coralloid
to the plant so it can colonize and survisenient/early/2017/03/27/12118@ also rootmicrobiomis anessentiapartof cycad
environments that other plants catomitedutsideof therootin thesoil,andin life, andlikely keyto their lineagesurvival
tolerate, in particular soilshwibw or the close region surrounding roots ovemillionfyearsAndexcitinglywe are
difficult to access nutrients. Knowing (thzospherahdwe foundthat22%of taxa onlyat thetip of rootof the coralloidn our
taxonomic and functional diversity ofweesharedwith the coralloidoot,sowe discogries
coralloid root would therefore allow usr®investigatindiow and why only some
understand how microbiomes contributeadteriagroupsget into the coralloidroot Pablo Suarkio&
cycads fitness and their survival ewefmanageo survive(Suarekloo et a/ Angelica Cibridaramillo
evolutionary time, but also provities atnpublished)/henweanalyzethefunction
practical knowledge like how to improve dheierootmicrobiomeye foundgeneghat
success im vitrar in sifipropagation usingan produce spe@lized metabolites
its own bacteria to help it survive. implicated in the cyanobacterizcad
interactiorsuchas chemotaxiproteinsaand

il angelica.cibrian@cinvestav.mx
LANGEBITINVESTAV
National aboratgfor Genomiasf
Biodiversitiexico
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Unnoticed micromorphologic  al characters in  Dioon leafle ts
Andew P. Vovides, Sonia Galidia¥delia SGnchEnoco

Cuticle information and epidermal chardeiia ringssensu strictare cuticular
have great potential in systematic stuthekenings of the periclinal walls of
However, micromorphology and anatostacahtal subsidiary cells (Deeier/,
studies on cycads are relatively scar@®(mh). [®/oorthere are an additional thr
comparison tonslar studies on othdayers of encircling calisve the subsidiar
gymnosperms. In this study leaflet anatelisy and here we have a cuticular thick
and cuticles in the gemltigsorhave been of the periclinal walls of the upper encir
investigated with bright field microscepits forming the ring (Fig. 2) and is ’D
epifluorescence, and scanning eleewvatent under djpiorescence (Fig. 3). V
microscopy.  Structures  hitherto  neabgnize two types of Florin ring; that \
completely studied for the ugerare is pesented by the Pacific seahOaalh O
reported, especiallil@rs, and Florin fingpp that we named the Purpusii type an O
like structures and wax plugs associatecbWitieD/ioorspp that occur along the Gul
the stomatal apparatus. Mexico seaboard and Caribbean tha )
regard as the Edule type. These anatc
Throughout the leaflet®aforspp in crossfeatures agree with recent phyloge
section there can be seen a varying nMbedtii et a/, 1993: Gonzakizal/, 2008)
of thickvalled hyaline fibers both in thed Gutiérr€rtegaet a/ (in review). In th
spongy mesophyll and surrounding P#oific seaboard species the epistor ——
vascular bundles. These afiggnidied but chambers are deep with varying numbegfigu@é 2 Camera Lucida illustration showing
have a lignified outer wall (S1 and S2 Igyeplae projecting into and partigytion through stomatal apparatusiaafn
that reacts positive when stained witkluding the chambers, the epistorpatalisishowing thickened cuticle (black), G =
phlorogulcinol/HCI (a specific histochemical being irregular in shape to elongagsd cell, S = subsidiatly E = encircling cells.
stain for lignin) and a very thickoselliving rise to an irregular Florin ring of@h&l f ~ ri ~oc¢ gef * hbkFrdmd ¢ %
secondary wall (S3 layer) that does notRegutisii type (Vovides & Galicia, 2BA(@f/cal Sciendds 263268 (2016)
with the lignin test (Vovides & Galicia, 20i@)gh Dioon merolaend D. holmgrenii
Furthermore these fibers tend to tear eggamesenting the southernmost range (
when sectioning owing to the diffegegus along the Pacific seaboard app
toughness of these layers. These alge Ggeptional to this where epistom:
fibers and they provide cerxibility to chambers do not present papillae or
the leaflet and toughness that characteldzely so. These, along with the G
these cycad leaves (Fig. 1). Mexico seaboard species the episto
pores are regular in shape presenting a
regularEdule type Florin ring (Fig. 4).
epistoratal chambers are less deep
those of the Pacific seaboard clade.
depth of the epistomatal chamber
presence of papillae appear to be corrg
with drier climatic conditions (Gultié
Ortegaet a/, in review; Vovides &/, in
review). In lla species the epistomat
chamber is often filled with an epiculti
wax plug (Figs 4, 5) and along witl
projecting papillathe occlusion by wa
could mitigate temperature fluctuations,
light levels and also restrict transpirat
water los (Deckedt a/, 2001; Evert, 2006

t'\
4 ‘? \& ‘ Wax plugs are also found in the Pinacegsgii@. Epiluorescent image of stomatal
Figure :lSectlon throughoa/beaﬂet showing G aré of guard cell and subsidiary cell ofig¥as anBlorin rings (green). Bar = 20um.
fibers; lignified outer cell wall (red) S1 anf@son & Riding, 1981). Stomatal |HkgsBotanical Scienéds 263268 (2016)
layers (red arrow) and an unstained thick ceP@@de also in other conifers (Podocarpaceae,
secondary wéfireen arrow). Stain phlorogluciArducariaceae, and Cupressaceae (Evert,
HCI. Bar = 20um. 2006).
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> - oclsB Tamt Booo PosLingn B
Figure 4AB: SEM dDioon eduleaflet abaxial surface showing regular epistomatal pores, ins@ft slosetal epistomatal pore with
wax plug. B, Edule type Florin fhgSEM abioon purpulgaflet abaxial surface showing irregulamepastpores with @ijng
papillae, insertclasen¢ | c ¢ b mf pql j *g”*i ¢ ml ob¢étfqgqect ~ucmird+cA) CAbg~rfi ¢l
FromBotanical Scien&ds 263268 (2016)

development, 3rd ed. John Wiley & SongZamiacead¥otanicabcienced34 263

¢ Gonzélez, DA.P.Vovides% C. Barcenas. 268.

: 2008. Phylogenetic matiips of thé&/ovidesA.P.,J.A.RClugston).S Gutiérrez
neotropical genuioon (Cycadales, Ortegaet al CuticulaMorphologynd

Zamiaceae) based on nuclear ancaflet Anatomyof Dioon(Zamiaceae)
chloroplast DNA sequence datavith Comments on Climate and

Systematic Bot@32): 222 36. Environmer8ubmittetb Flora
Gutiérre@rtega, J.S.J. Yamamoto, A.P.
Vovidest a/ Aridification as a driver of A.P. Vovides
e ECoLt biodiversity: A casidy for the cycad i andrew.vovides@inecol.mx

. SRR __genus Dioon (Zamiaceae)Annals of Departamento de Biologia Evolutiva, Instituto
Figure 5.SEM image of wax plug in Botanjin Press] de Ecologia, A.C., Mexico

epistoratal poref Dioon spinuloSUBBr = johnsonR.W.& R.T Riding1981 Structure

Spm. andontogenyf the stomatatomplesin Sonia Galidaastellanos
Pinus strobusL. and Pinus banksiana Herbario Eizi Matuda, Facultad de
References _ Lamb. Americadournabf Botangg?2).  Ciencias Biologicas, Univ. de Ciencias \
Deckert, R.\]_,'H.Melvnle &R.L.Peterson.  266.268. Artes de Chiapas, Libramiento Norte
2001. Epistomatal chambers in vihiRtti, A, P. CaputoS. Cozzolind®. De Poniente 1150, @his México
needles oPinus strobls (Eastern white | cql . Gaudio. SinigalcoGigliand !
pine) function ~as microhabitat fOp . Stevenson1993.A phylogenetic M. Ydelia SanchEroco
specialized fungurernational Journal of analysiof Dioon(Zamaiceaef\merican Instituto de Investigaciones Bioldgicas,
Plant Sciences2:181189. JournabfBotang02)204:214. Universidad Veracruzana (UV).
Evert, R.F. 2006. Esau's plant angigfitfesh.P& GaliciaS.2016Gfibersand M. Sc., Colegio de Postgraduados

meristems, cells, and tissues of the plagjorin ringlike structires in  Dioon MontecilloTexcoc&dodeMéxicoMéxico
body: their structure, function, and
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Optimizing the long -term storage and viability

testing of cycad pollen
Michael Calonj€laudia Calanj&regory Barber, Phakamaniftaleas Lindstroreéperanza M. Agoo

Exsitu conservation of plant genefiollen is desiccation tolerant and carviddality compared to-gimgng previous to
resources can be achieved by seedbastkirey lontgrm in freezing subzero degrsesage. Indeed, some recent trials conductec
field genebanks, in vitro storagfbods, and dry conditions (Osbemel/,1992), by PhakamaKaba, Anders Lindstrom, and
pollen banks, and DNA banks (Laliberté 4&81)g as a gene repository of s&dperanza Maribel Agoo suggest that
Cycad seeds are recalcitrant altdough with the caveat that sopmedryingncephalartpsllen in a moisture
unfortunately cannot be stored for the loagernél-inherited genes such  asbinet with 20% relative humidity results in
term in seedbanks. In additieitrartissue chloroplast and mitochondrial genes (Zgmificantly higher viability than drying and
culture propagation of cycads has not &e2h2011) are not preserved in pollen. storing the pollen along with silica gel (fig. 1).
implemented successfully at e kogle. Een somany institutions store cycad pollen
Therefore, the conservation of cyaapevity of cycad pollen along with the desiccant primarily because it
germplasm is limited to field genebanks)\éfsie several articles have been writtensttraes as a protection against moisture
known as living collections, and pollen bizncksde techniques for cycad pollen collectinrsion during cold storage, but also
These activities are usually undertakestobgge, and handllipation (e.g. Tandpecause the optimum moisture content for
botanical gardens housingdeellmented,1986a; Broome 2004, Cadrge 2011), a pollen has not been determined and no
scientifically valuable, ani/ely managedvery limited amount of work has beeblishd protocols exist detailing methods

cycad collections. published evaluating the longevity of frefdr gredrying pollen prior to cold storage.
coldstored cycad pollen (e.g. Tang 1946Isture content significantly affects its

The lonterm storage of cycad pollen, d@xiborne 1989, Osbera1992). longevity (Marlet a/,2014; Towill, 1985)

known as pollen banking, is of critical yet the optimum moisture levels required to

importance for maintaining living collectioysad pollen can be stéwedup to two retain cycad pollen viability in colgstor

as pollen is necessary to produce seedyearsiat 0°C and three yeati63C while remain unknown and consequently-no pre
fresh pollen may not always available wétaming adequate (>50%) germinalityng protocols exist. Future research on
needed due to the lack of reprodu¢®a&bornet a/, 1992), and it has been shawnad pollen storage should include the
synchronicity between ovulate and- pdtlen survive after three months daftermination of optimum moisture content
bearing plants. In addition, pollen bardtympreservation at 196°C in liquid nitrdgercycad pollen storage and the creation of
allows institutions housing living collectsmng could potentially be dtanelefinitely simple desiccation protocols to quicily rea
to exchange pollen and be able to propé&gsb®rne, 1989). Osherrag(1992) showedhis optimum without significant loss of
plants that they would otherwise be unthaliestoring cycad pollen over desiccant pakea viability in the process.

to. Unlike recalcitrant cycad seeds, qydad deqgi v¢ abqofjbkg”"i ¢ bccb q¢ |l k¢ geb¢ ml
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(%) Pollen Germination
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Encephalartos E. whitelockii, Pre-dryed Encephalartos E. ituriensis, Pre-dryed
whitelockii, Stored with to 20%RH ituriensis, store with to 20%RH
Silica Gel Silica Gel

Effects of Pollen Desiccation Prior and During Storage
Figurd. Comparison of germination-dfipceand silica gel stored Encephalarto€pleéorage temperature wW&8C, (+SE) (n =20 ).
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Hgure 2Stages in the germination of poll&ap@lfozamia peroffskyana.
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Figure .3Comparison of germinability of fresh pollen of seven different species germinated under seven different treatments

Pollen viability testing al 1992). The long duration requirecCdoclusion
Evaluating the effect ofedint drying andcycad pollen germination also means thése iseveral researchers and institutions
storage regimes on pollen viability reqairbiggher chae that fungal contaminatiassociated with the Cycad Specialist Group
reliable methods for evaluating pofletrimentally impacting germination a@n currently collaborating on evaluating
viability. A few chemical stains have laenr. different cycad pollen storage and viability
tried to estimate cycad pollen viability (Tang testing protocols, we expect these
1986b, Calongg a/.2011)) but very few dfreliminary pollen germination trials usjfigborations to result in improved protocols
them have been &sbn cycads (Calatje 9ermination  solutions  with  differggtimprove the quality of stored pollen and
al, 2011), some of them may not work féprgentrations of sucrose and boric acidhEé®ore increase the number of viable seeds
genera (e.g. Nitroblue Tetrazolium k@8N conducted at Montgomery Botaghiggtan be produced by hand pollination.
Dioon Tang 1986b). Furthermore, sonfe€dter, witsuccessful germination observed
these chemical stains can be extrei’ﬂe'I’QOSt cycad genera, but very weak éckmowledgements
hazardous and require great care and sletawation of species of the gépuss We are grateful to Arantza Strader for help in
to specialized ladorg equipment (such &6ig- 3). Preliminary data obtained dssitigg up Hlen germinability experiments
fume hoods) for safe handling. these trials suggests that there is no sigle to Jessica Sparks for assistance in
optimum germination solution, but rathef they A f K f k d&ml i i bkp&col
The preferred method for cycad p&f&h solution may vary between taxgy pollen bank for testing. Cryostorage at
viability testing is to actually germinateHAwever, trials including additional taxayad is supported by the National Science
pollen (Fig. 2). Germinability is conside@égmination solutions —are required to . .. (awards DBI 1203242 and DB
reliable estimate of viability as this is vii@igrmine which may be the best perfori%g&%)eegory | e ——

po”en does natura"yhen Coming int(ﬁoluti-ons for pO”en germil_’lation. Add|t| [ BCis su R —
contact with the micropylar dropletsCl@micals may be required to optifffizt! PP y '

ovules. Pollen germination is typically ddiffmnatiorf @ycapollen, but so far, trial§tuart Y Jennings Interaship

a nutrient media including sucrose and dheling the addition of Calcium Nitratfﬁléfgr TG

several additional chemical compoundsP@H@&mani Xaba have been unsuccess ﬁr‘o% . T. 2004. Haltination of cycads.
of the challenges with germinating cypéRg@rate trials by Esperanza Maribel Agap, Cycad Newsleie): &

pollen is that theogvth of pollen tubes i§ave had limited success in germinatin ie, M., J. Kayd MP Griffith. 2011

very slow compared to that of floweRfden for only a very small percentage %r’lop’aga{t,ior; of agc collections from
plants, and at least three days are requifRfedes and treatment  combinations
observe measurable germination (Qmboft€mpted.
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seed: applied reproductive biologyTéorg, W. 1986a. Pollinating cycads. Michael Calonje, Claudia Calonje,
conservatiosibbaldia: 7796. Encephalar®s1619. Gregory Barber
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banks/genebanks  worldwide, theirpollenEncephalago:. 46. Montgomery Botanical Center,
facilities, collections and netwaBG Towill LE. Low temperature and -freeze01 Old CutRwad, Miami, FL 33156, USA
New2 (9):123. vacuurdrying preservation of pollen. In:
Marks TR, Seaton PT andaRditdi2014. Kartha KK, editBryopreservation of Phakamani Xaba
Desiccation tolerance, longevity anglant cells and orgdBsca Raton, FL:South African National Biodiversity Institute,

seeesiring ability of entomophilous CRC Press; 1985. ppl 281 South Africa

pollen from UK native orcldbdong, Z.R., N. Li, D. Qian, J.H. Jin, and T. .
speciesdnnals of Botait4(3)561 Chen. 2011Maternal inheritance of Anders Lindstrom
569. plastids and mitochondria in Cycas L.Nong Nooch Botanical Garden, Thailand
Osborne R. 1989cad pollen survives-ultra (CycadaceaeMolecular Genetics &
low temperaturncephalarto®: 25. Genomi@86: 41-416. Biology Departm @mEEgeSrznéaUhr?i.vggs?g/
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