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New shoot development on Quercus arkansana Sarg. growing in culture (Andrea Brennan).
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Bud-Forcing and Tissue Culture
Propagation of Quercus

Andrea Brennan'’, Valerie Pence?, Matthew Taylor3, Brian Trader?, and Murphy Westwood*

1. Longwood Graduate Program 2. Center for Conservation and Research of Endangered
University of Delaware Wwildlife
Newark, DE 19716 USA Cincinnati Zoo and Botanical Garden
*corresponding author: abrennan@udel.edu Cincinnati, OH 45220, USA
3. Longwood Gardens 4. The Morton Arboretum
Kennett Square, PA 19348, USA Lisle, IL 60532, USA

Oaks (Quercus L.) are considered “recalcitrant” since they do not tolerate seed banking,
and consequently, threatened species require alternative methods of protection. One method is
tissue culture using newly flushed shoot tips. Two experiments were conducted to determine
1) the effectiveness of 6-benzylaminopurine (BAP), a cytokinin, on bud-forcing of Quercus
and 2) the responses of species from the three North American Quercus sections (Lobatae,
Quercus, and Protobalanus) across two different media in micropropagation.

Natural shoot emergence in the spring is in a narrow and somewhat unpredictable
time window, but forcing bud break of cuttings can increase this window in a controlled
environment. Experiment 1 involved dormant cuttings collected from 12 Quercus species
placed into flasks of distilled water. Flasks were placed in a greenhouse with weekly BAP
treatments: either 0, 100, or 500 ppm. Results indicate that BAP treatment at 100 or 500 ppm
significantly increased the rate of bud break and shoot elongation by 1-2 weeks for four of
the Quercus species, with no significant effect from BAP application on the remaining eight
species. All except three Quercus species reached the target stage for micropropagation with
all treatments, indicating that forcing bud break without BAP application is a viable option,
but the rate in some species may be enhanced by BAP application.

In Experiment 2, newly flushed shoots were collected in the spring from 12 species of
Quercus (different from those used in Experiment 1). Shoots were surface-sterilized and
placed in one of two media formulations: McCown’s Woody Plant basal salts with Murashige
and Skoog vitamins or Gresshoff and Doy basal salts and vitamins. Both formulations had 3%
sucrose, 0.6% agar, 0.89 nM 6-benzylaminopurine, and 100 mg/L benomyl. Growth responses
observed varied by species and included leaf expansion, bud expansion, shoot production,
and callus production among nine of the species.

International Oaks, No. 27, 2016 307



- E L€ 61 61 - 95 9s | o€l [ 8vt ¥S EUBSUENIE (0.6°92 :i0d 18s 6UI009 9,0z :Julod 189S Jeay) asnoyuaalb
S0 o'l o'} S0 o'l S 9l 9t 182 Sve a6l eejeqo] .
oo o oo e oo e o5 —an——a5— oo B Ul paoe|d Jajem Pajjisip UM SySe|} JoAsWUs]iT :JUsWuoIIAUS ) SUOIHPUOY) e
snjeo slooys MoN M_o mu:m.wnw._u wwhuo._ Bunsix3 uopeupueiuoy |siueidxg wm_o“um;\m_ﬁ_u«omw (1eyo1 ui sbumno
R ! jooN 801) suonealdal g pue ‘(ysniq jured Ag Apjeem paijdde wdd gog pue ‘wdd oo} ‘wdd

0) Siuswieal} dyg € ‘saioads gL Yum ubisep [elojoe ;juswieal] [ejuswiiadxy e

VSN ‘Vd ‘@senbg yauuay ul (.G- 01 91-) G102
‘ge4 paisaAley (yoes spng Gg-G ‘Buoj wo £g-0 1) SBumno [euiuwLig] jeusley Jueljd o

*gsuodsal ou = (-) ‘eipa|y Booxs B abiyseinpyaue|d APOOAN S,UMODIN
® pAolT = dM ‘elpa Ao@ R Joyssain = go "saloads yoea Jo eipaws buimoib o} sasuodsas yimols) : | ajqeL

'se19a8ds a8y} Jo sulu Buowe uononpoid snjjed pue ‘uononpoid jooys ‘Juswablejus

png ‘uoisuedxa yea| papnjoul pue Uooes pue saloads snaseny Aq psuea sesuodsay . ) . . )
sijiqeLeA pue ‘euexa] ‘eiqni ‘suisnjed ‘epobed ‘edieooioew “1en edigooioew

SHns3y ‘edieooioew ‘BlRILGUI ‘BIBI[B) ‘S1II8D 10j0JIq ‘Bq|e :$N2Janp 30 saloads g| e
98s/gw/owr Gg-0g 1e Bunybl| Jusosaion|y auym |00 ‘ainjeisdwal Jusique SPOYISN pue sjeLiaie|n
0.§'62-G'¢g :S8qN}i 8IN}Nd WW OG 1XGZ [ENPIAIPU| :JUSWUOIIAUT @ SUOHIPUOD e
(je101 Ul sjuejdxa 61¥) Aljige|ieAe |eusyew uo Buipuadap ‘suoneoidal saoads snosenp g Ul Yealq png uo ‘(UoIsIAIp (|99 sajowo.d
/2-9 pUe ‘Sjuswuiesl) elpaw g ‘sa10ads z1 yym ubisap [eliojoe ;juswiiadxy e 1ey} suowuoy) uiujoMo e ‘(dvg) w:::aoEEE—ﬁ:mné JO SSBUBAII08YS Y} SUILLIBIBP OL
annoselqo

(aprobuny) [Awouaq /6w 001 pue ‘(UluoIAd)
dVe N 680 “1B6E %9°0 ‘9S0IONS %E UIM Y10g ‘(226}) SUILIEYIA PUE S}ES [ESE] Buioio4 -png : | Juswadxy
Ao@ % youyssaly ‘g pue (2961}) sulwea 6oox)s B abiyseiniy yim (0861) sies [eseq

wnipsiA Juejd APOOAA S.UMODIIA B PAOIT “| :(Suoleinwiio BIpajy) Sluawieal] e

suap.eb oluejoq

*sa10ads snaseny jo uonebedoid
SN 6 WOJj S881) 8¢ J0 S100ys BunoA wouy sbumno jes| pazijusis-aoeung :sjuejdxg e o

aIn}nd anssi} pue @C_o\_ohnvsn_ a1ebiisanul 0] paloNpuod aiam Ssjuswiiadxs om] e

BIj0}11UI00BA g ‘Bljojuswo} ‘Lawled ‘sidejosAiyo [Seo oAl UOAUBD) SNUBBq0I0id
Njpquieb g ‘nuuewebus ‘esownp ‘uojufAoq Se0 aNymM) SnoJeny
BUBXS)] B ‘SiLLIOIIoRIE ‘1Aqued ‘euesueyle (SHEO 3o.[q) oBleqo ]|
:UOJ}03S JIWIOUOXE] OJUl PAPIAIP ‘SNIIaNY JO Sa19ads uedLIdBWY YHON Z| *
SPOYIa|N pue sjeualep

“(¥661 e 10 ZaYIAIA) JUSWIUOIIAUS
Paj|0J1U0D B Ul MOPUIM SIY} 8SBaIoul UBd sBumno Jo yealq png Buioloy Ing ‘Mopuim
awi a|geoIpaidun Feymawos pue mouseu e si Buuds ayy ul 8ousbiawa J00ys [einjeN e

*(21L0g @ouad pue Jawesy|) sdi
j00ys paysnj-Aimau Buisn ainynd anssy si sal0ads pauslealyl BUIABS Jo poyisw auQ

BlpoW ain}nd anssi} Jo sadA} Jusiayip OM} UO SUOID9S ‘(2002 poomiseg pue pjalp|0) senssi [eqolb jo abuel apim € Wol} 1eay) Japun
201y} Bunuassaidas saioads snosany uesUsWY YLON 2| JO Sesuodsal sy} suluLIslep oL a1e SNoIANY 40 SeIadS Auew ‘Souenodw 11U} SNASSP ING ‘SUOANGLIUOD [B0IB0j00d
aAnaalqo pUE ‘[eJUsLIBLIO ‘OILoU0da Buoss Jivy) 1oy A[eqolB panfea aie (- snoeny) seQ e
ain}ng enssi] :g Jusawiadxg uononpoau|

VSN “11 ‘8IsIT ‘wn}a10qy UOUOA 8yl , ‘WSN ‘Vd ‘elenbg nauuay ‘suspier) poombuog
VSN ‘HO ‘euuidoul) ‘uspley [edluejog % 007 IBUUlOUID;
‘npa’[lepn@ueuuUBIge ‘YSN ‘IQ YemspN ‘arsemelaq Jo Alsianiun ‘weiboid arenpelr) poombuo,
yspoomisap\ Aydunpy pue ‘ciaped] ueng ‘c1ojAel mayne ‘;09uad a9\ ‘ ueuudlg eaipuy

1 snaJan( J0 uonebedoid ainyn) anssi] pue buidio4-png



'66-L82:(€)L€
ainyng uebiQ pue enssi| ‘|8 ueld ‘uoiebedoidosoiw 10} sea1) INqos sN2iBNY ainjew Jo sjue|dxe sAloea) Bulureigo
1o} poylew e se sjuswbes youelq Jo Buiysnj) peoiod ‘¥661 “ON ZBUSUES PUE ‘P 0OIB|\-OWY ‘v Jolse|leg ‘NY ZelaIA

‘[eUOHBUIBIU BI04 B BUNE : YN ‘@Bpuquie) "$)eo Jo 1Si pal 8y *L00g 'V POOMISET pue S pielpio

*£6-€L¥:(€)S ) wniejueld |oisAud

'sain)ind enssi) 000BqO} Ynm sAesse oig pue yimoub pidel 1oy wnipaw pesirel ¥ "g96} 4 Booxg pue | ebiuseinpy

“d Lgv “A1e100s siopebedoid jueid jeuoiyeulsiul ‘sbuipssooid pauiquio) “ainynd di-looys

Jo esn Aq ‘eljoye) elwEy ‘|2ine| urelunow Jo uonebedoidoloiw a|qises)-Aj[elolaWwwoD "0861 ‘g UMODO pue 5 pAoj]

‘801-16:(€2)

[euInop ¥eQ [BUONBUISIU| "SHBO Pausiealy} o} UONBAISSUCD Njis-Xa Jo sabus|eyo sy "gL0g ‘A 9ousd pue |y Jawely

'0£-194:(€)L0} Blueld

‘(orewo)) wmusnasa u02is1edooA] piojdey Jo uonenuaseyip pue juswdojeaeq ‘261 ‘HO Aod pue Nd Hoysselo
PauD ainjessi

‘sasodind uoieAIaSUOD 10}

uondo ajgeiA e uoirebedoidosoiw anssiy 3eo axew o} Alessadau Ajjeioadsa si spoylaw
uoNez||118)S pUB SUOIE|NWIO} BIPSW OJUl YoJeasal [BUOIHIPPE :UOISN|oU0D UlB|\
'sa10ads pue eipaw ||e SSo1ok Ybiy Sem Ajfeuow [jeiano

1ng ‘uonejnwioy AoQg B Yoyssain) syl Uo asoy} uey} awil [eaians Jabuoj Apybis

B pamoys eipaw 600oS @ abiyseinp/umoDol B PAolT 8yl uo buimoib syueidxg
‘sanea| bunsixa Jo uoisuedxa sem asuodsal Ymmolh uowwod }sow ay |

‘snue|jeqojoid pue aejeqo o} pasedwod sjel asuodsal }saybly sy} paHgIYXa uonloas
snoJanp ay} Ing ‘saioads |je buowe mo| sem ajel asuodsal Ymmoib [jesano sy

sBuipuiq A3y

002 0sT 00T 0s 0

Buinining

uonoas Aq awiy 19n0

Buininns sjuejdxe snoseng Jo Jusoied :2 ainbiy uoyonpoud snj[ea (7 B ‘Jusuidojensp Jooys mau

(g ‘luswabiejus pnq (g ‘seAes)] Buiisixs jo uoisuedxa (L
:sasuodsas ymoib yuejdxa snasenp jo sebeuw| :9 ainbiy

- - - - (53 08 - - 02e | 08 [ ERE

- - - - - - €€l | 0oL | 00z | 00 (3 B[SO

- - - - - - - - 0Sk | oot 02 newjed

- - - - - - - - 02 €8 h SidBjosAiyo

- - - - TF €2 9% ¥€ | 0€c | vst 18 SNUE[eqoIoId

- - v - e - €9 - Ity | sev 8v jequiED
€2 - - - R - €2 - vir 3 (2 uuewebus
UIE | Zor - - - - - - 82 | cee [ eSownp

- - - - - - 79 €€ | 99t 79 0 JiuojuAogq
g [ vE - 0% s €Y 70 | 0Se | ree | ovwk SNoIBND

- 9G - - - - E E 6Er 95 9g BUEXE]

‘dvg jo uoneaidde ay) Aq seioads snaseny awos Yyium pasueyus aq Aew ajel
8y} Ing ‘uondo ajgelA e si uoiedlidde 4yg Inoyum yeaiq png Buidio} :uoiSNjouod Ue
‘sjuswieal} ||e yum 4 abels payoeal epobed pue 4ojoolqg ‘eqje 1deoxa saioads ||y .
‘sa10ads Aq palien Buidioj-png snaseny Uo ‘dyg ‘UluyolAo au} Jo 10aye 8y

sbuipuiq Ay

(4) se Aep ‘sBumno pue (7) AuAnoe png uesw — (Juswireal) dyg Aq peroaye Apueoiiubis jou “ds ajdwexs) eigni O :§ B ¥ sainbig
‘BUBXS] pue ‘(G ¥ ¥ SaInbiq)

vIqn. ‘sipsned ‘edieoosoew “1eA edieoosoew ‘Bleoje) ‘siieo ‘10j0alq ‘eqe :se1oads
snasanp 1ybie Bulurewss sy} uo uonedldde dyg Wouj 10aye Juedubis ou o} Sji

‘sijiqelieA pue ‘epobed ‘ediesoloew

‘(e 8 g seunbl4) eupoLqu :s8198ds snasan() 8y} Jo noj Jo} uonebuols 100ys

pue yealq pnq Jo ajel sy} pasealoul Ajueoyiubis wdd s 10 00| 1e Juswieall dyg
S}insay

8[eds uonen|eAs AIANOE png ;| ainBi4

(1 aunbi4) uonebedoidosoiw diy J00ys 10} 18618} = 7 pue JuswdojpAap





