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Summary

Micropropagation as the potential 10 provide very high multiplication rates of selected sree genotypes,
with resuiting short-erm silviculiural gains. Aseptic culnwes have been esiablished from seeds, seed-
Hngs, shoots, Aowers and Hgonolebers. Callus cultures have been established fron: & wide range of tissue
sources for af Jeast 30 species of Eucafypius. Phint regeneration from calius was successtul for 12 of these
species. Micropropagation through axillary profiferation, or adventitious shoot proliferation on nexdal
explants, or both, has been soccessful. An agar based medivm of Murashige and Skoog with a fow
auxinfeytokinin ratio 1s most cornmonty used for shoot multiplicanon. Vierification and shoot senescence
remain problems. Gibhereflic acid was added in some media to stimitdae shoot clongation. Various media
are used for i vifro rool initialion. Suspension and proloplast cultures have been achieved and plants
have been repencrated from protopiasts., b vitro technigues are presently heing apptied to Encalvpiins w0
achieve genetic transformations.

Introductien

Today there is a demand for piants with superior growth potential. Clonal propaga-
tion through tissue culture has the potential to provide high mulktiplication rates of
uniform genotypes, resulting in short-term production gains. The first ix vitro callus
cultures of Eucalyptus were obtained from seedling tissues. Jacquiot [77,781 derived
callus from cambial tissues of E. cladocalyx, E. gomphocephala, E. gunnii, E. ter-
eticornis, and E. camalduiensis. Sussex {1307 was able to produce caltus and suspen-
sion cultures of E. camaldulensis. The carly work of de Fossard and co-workers was
on callus cultures of E. bancroftii, E. urnigera. E. melliodora and E. nicholii
[27,35,88). Research on nedal cubtures of seedlings and mature trees of the ormamen-
tal E. ficifolia followed [30-33).

As research progressed, media became more defined and new fissue culiure
techniques were apphied to Fucalypfus species for a variety of purposes. These
techniques have not yet been widely used for large-scale commercial operations,
however.

Eucapyptus grandis has been micropropagated because of its imporance in the
pulp and miming iadustries, Other important timber species that have been
micropropagated include E. gunnii, E. dalrympieana, E, paucifiora, E. delagarensis,
E. glohulus, E. nitens, E. nova-anglica and E. viminalis [89,98].

U Present address: Mondi Forests, Research and Development, PO, Box 12, Hilton 3245, Republic of
Sonith Africa.
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Eucalyptus camaldidensis and E. rudis trees are being selected for salt-tolerance,
because rmass propagation of such clones would provide trees for plantations in areag
normally hostile to afforestation [5,67,68,701. Propagation of clones of E. ciiriodora
and . polyvbractea, selected for high oil content, provides the potential for rapidly
establishing high oil yielding plantations, Researchers are also considering the
potential of I vitro oil production [61,141],

A summary of reports on tissue caliure of Eucahptus species is given in Tabie 1.
The table format is based on that used by George et al. {51} i their text on plant tigsue
cuiture media. The classification used is that of Pryer and Johnson [1191.

Establishing aseptic cuitires from explants

Seeds

Most papers repont a sterilization techrique involving three steps: pretreatment,
freatment and positreatment, Pretreatments usually inavolve rinses or a seak in water
[69,84,9491. Hartney and Buarker [69] snd Bennett and McComb {11] included an
alcohol rinse in their pretreatments. The sterilization step involves treatment of seeds
with (0.1% (w/v} HgCls for 5 to 20 min 182,84,101] or 16 to 20 min with either
NaOCl or Ca(OCl); in the range | to 7% [30.41]. A few drops of detergent are added
to the treatmient solufions. Postireatmenis are usually three rinses in sterile distilled
WALCT,

McComb and Bennett [96] noted that tolerance of seeds to steriization depends
on size and thickness of the seed coat. Encalyptus citriodora and E. diversicalor
seeds are small and thin walled and can be sterilized in 2% NaOCl for 20 min,
whereas Fucalyptus marginata seeds, which are larger and have thicker seed coats,
can tolerate 5% NaOC for 60 1o 90 mun [ 11,961, MacRae (personal communication)
obtained good results sterilizing Fucalvpties seeds with one part HaOs (30% wiv) to
one part absolute ethanol for 10 to 20 min, followed by three rinses in sterile distilled
water. Sterilization success was improved by sorting seeds info groups of unifonm
size before treatrment.

Shoots

The sterilization of mature, field-grown material has proved difficult because of
endogenous micrebial contamination {30]. Age of material and season are isnportant
Tactors determining suceess in establishing aseptic cultures [60]. H is virtually
impossible o sterilize mature, field-grown shoots without severely damaging the
tissues. Various preharvest techaiques have been emploved o provide shoots suit-
able as explant sources. The ideal material should have many of the qualitics of
young iuveniie shoots.

Aseptic culiures have been established from sturnp coppice shoots [19,48], scion
shoots [42,45,54], epicormic shoots [ 741 and from young, vigorously growing shoots
on mature frees §30,95,1241. Ikemori [74] antificially induced epicormic shoots on
severed branches of K. grandis (30 to 44 mm in diameter and 700 mm long) by
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Table §. Summary of in vifre media and techniques applied fo Eacalyptus species. Stage (Cokumn 23 indicates the successive azps in the experimental procedure described
for & species in one paper. Explant {Column 2) describes the starting material for each stage. The morphogenstic response (Cﬂﬁ;mn 33 obteined for each experimental stage
is listed in Fadle 1.1, The results (Column 4) describe the effects recorded at each stage. Column § 1inis 2 reference for the mediur used and the superscript numbers refor
o notes in Table 1.2 giving additional infonmation sbout specific media. Column 6 indicates the pH of the mediue: and its céxtcm of sucrose and agar (the lotters 5.6, A
and LA indicate solid medivm, hguid medium, agar and Hquid agar, respectively. Column 7 summarizes the combinations of g!%wih substances that gave the most favarable
reselts at each stage, The figares in brackets indicate the concensrations used in mg 17 Coconut midk and other undefined suéﬁ)]emems are given in Talde 1.3, References
are listed (last column) by nember a8 identified in the reference list, ' Q

=
o
Spaties Stage and explant Response Hosult tWetiim pi e fAgar P!az@mwﬁh ragdaion Reterence
fofh fgh 2
Evealypius sp. Hypocotyt Gen Co-Cufthvation with % 18}
Agrobacierium tume. -
favions for plasmid ﬁ
Fransfer o
=}
Fucalyphus sp. 1 Shoots TP Shoot multiplication e 174
2 Shosis{t) PoCo  Poloplasts co-cultured (0] Med-BS NS
with protoplasts of [rmodifed) o0
Higisous carmabinus S
1 Calt gtiionisgigt 8 Shopt eultures o1
4 Shoots{3) Shools Fosted, plasis
E. aiba 1 Hypocotyls ¢ Calius cuiture [£37} 12 {11240 (15%)CM 182]
2 Callusin) GH8R Gatus, shoots and ROt ke —-t2 {THAA (4240 {15%ICM
E. alba 1 Npdes 508 Shoot deveiopment. rools  {308) {11BA 155
E. giha 1 Copgice shoeols or SN-P Shaoot profieration {102 5 |AA BA {581
fejenated soiong
2 Shoots{!) oa Shoots rovted, lants 55 x[102] or 83} wdud G 1AA oF 1BA
£, bancrofti i Seads G Gemmination 127} Med-B 5.5/2.05/% Nang (21
¢ Shoot tips{1) ORS Shoots reoted, plants 27} Med-B 5,502,050, None
£ bancrofti 1 Steminfernodes Smm C Cailus culture i27] Med-B 5.5740.8/8 {0.88}IAA 0.43)Kin (7]
£ bancrofti 1 Mature ignotuber G Cailus culture B8] Med-AB' 352058 {4ANE A D{LA5BA &8
2 Stem tissus ko C Callus culbyre 188] Med-AR" SER0 58 {8 BENOA [T EIBA (5]

Sawesk-oif seedings
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Species Stage and oxplant Ftespanse. Fazutt Medizm pH Suerfhgar  PlarBrowth ragulaters Referonce
o S
E. botyroides 1 Hypocotyls. coiviedons DE Embryo-ike stutkires F102 sats (mod } i .1@4-0 AL
or seediing |eaves RV v, + amine acids B
2 Embryodke structures{ly  DEDE  Embryodize sirugtures F02] salts (med.} { .1&&
and adventiings shoeats HV vit. + aming acids S
E. bridgesiana t Notes from Syearslitres  ST-RC  Axillary shoots. semt- f23 5.3/20/8 it }E% 143]
ditfferentiated calius 2
E. catophyla iR vitro seuding lissuss Shigt multiptication i—i\* o5
? Shoots{1} bR Sheots rooted, planis g 14
3 Iviroseading tissues O Callus culiure Q
4 Stamans C Calles sulture 7]
E camaldulenss  + Seading rout tipe OR Reot culiure e 4 Fladil (14‘@0?« [7i
=
£ camaidiienss Cambia tssue G Cals culiure N HE
oo
£, camatduiensis G Calhas clire B 78]
E. camaltilensis 1 Hypocolyls G Catlus cubilize 137 G it }2.“38 {15%CM [£30
2 Friabie callug{1} Su Suspersion cultus f1371 el A [1j2.4-D {15%)CM
3 Single cells|2) By Hoduiar aggregates 13 ~tf LAy (124D (15%CM
4 Agoregatestd) c Friaiie calius {3 it 124D 115%ICM
E pamatdulensis c Calles cufturs 44,1414
E camalgilensia % Nodes SOk Sheat deveiopment, roote 11023 Med-MX1, 03 {154) 8020010 {HBA [53]
E camaidulensis 1 Invitro seadling nodes SN Auibiary shoot profiferation [65] Med 1 554118 {1)1BA [B.3518B4 {5
2 Shouis{t} CR Shoots rocted {69} M- 2 SAEE 8 [1HBA
E. comalodlensis 1 Seadiing of coppice nodes SR Axitlary shoot prolfaration 05 x 102 sals ~ig0g 0. 10INAA 182584 [67). B8}
DR 0.5 x [102] sals ~2078 [D33INAA

2 Shoots( )

3hoots rooted

8ty
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Tahle 1, Continued.

1/:dny wiouy pepeo jumo(

Speties Stage ang explant Regponse Result Motium pH Suer fhgsr Plar@mwth requisters Faference
ol & Z
E. camaigensiz 1 Nods {mature froe} 57 3hoo! developmant fogf —/20/8 5[}.2J§n f0.58A 54}
2 Shoots(1) STP Shoot protifaration Hoof 208 {6.28n {8584
3 Shoois(?) 3 Shoot elorgaban iR ~EOAA {018 (6.05)Kin
4 Shools {45mmjid} ORFre  72hindark 15102 201, {10)agoh 1BA, 1A NAA and 2P
5 Shools{d} DH Rocled planflets 05 x [s0ef ~{20il Nong>
o
E . camalddensis 1 Seeds G Germination Agar wif Nong {9
2 Hypocatyls or cotyiedons(1) -8 Casug inftiglior: {H0] salts, vk of [1O7] BoR0e {3 NG 10,50 TIBA
3 Sheosiz) IR Shows rooted {402] saits, v 0F 1107} 5572008 0.1 HNAA
E. camaldulensis 1 Leaves from mvivo shools € Caillus initiation [130] salts fmod), 1108) vit. ghve,® 565004 {S}N%\ {01184 (1000ICH [dark 0 dayst  110%]
2 Cafius{t) I8 koot egeneration 1430) s@its imod), 1102 vit., glye.”  5.5/5074 (0-53BA {10%)CM [ight]
3 Shooist2) ORPre  Pre-vesiment Q5% (W02 5.8/200 {4 J0eA [k 42 1]
3 Bhovts R Shools rotted [108) S8i200 Nongticht]
E pamalditensis 1 Coppice shools or P Shaot probilgration HOZ) el 3 A4 @ 59
mjlvenaled sainns a
2 Shoots{t} jE3] Shoots rooted, plants 0.5 % [107) ar [83] wforl G 1AA of 1BA
E. citriadora 1 Seeding rool ips ¢ Calius growth {102} salbis + {11 (28] Med—ﬂlf’ B4 {HOINOA CR0M 4
2 Stemtissue ¢ Gallus nitiation {1021 salts + {7) [36} Mexd AP w2004 (SINOA {15%I1CM
3 Calius{?) ¢ Gallus growih 1102 salts + (7 [88] Med- Al 204 {TINOA (15%30M
4 Lignotuber tissug GiBR Cafus, shoots, 100ls $102) salis + {7 (98] Med-A )4 f1IN0A {15910
E. citrindora 1 i vitro seedling fssues G Galus cidure {105 G207 23R4 {1Kin (1000:CH [1008YE 1123]
E. oittiodora 4 Shoot tips of S-yezr old rees  STP Shoot multipheation {s02F 58208 0.5-218A (87}
2 Shoutst1} bR Shoots rocted iR 5.8/2(/8 None
£, citipdora 1 Hypoootyl or cotyledon ¢ Callus instiation: {84 A.8/20140 {1 0-SiNMOr 24D {84)
7 Cotyledon callusy) ¢S Shoot regeneration s 620 (0.2044 (112
3 Shoots{2) DR Rooted piantlets [84] 64120430 {1184 or B3A
& citriodora 1 Apicst shoot ins §T-P Axillary shoot preliteration poey ~—A 1 TSNAA {1 131BA 69
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Table §. Continued.
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Species Stage and eugiant Response Reselt Madium o /Sucr ihgar Plant@owth reguialors Reforonce
igh @ =
2
£ pitvipdors 1 Seedling apex sT.P Shoet profiferation: fogf SR/20A el JHR 0T [B5
2 Shools(t gT.p Aolary shoet profifesation. [192) S BIZ0A 2K 038
3 Shools[ ¥} R Shoats rooted, plants (1387 b8fz04. {1}NA§~[48 k., then neng]
4 Vegeigiive buds from §T-P Axiliary bud proliferation [ 02}2 F.8/204 L.2KB(0.31BA [63
Hy-0id hoes g
5 Shoots{4) bR Shoots rooted [1387° 58201 {ZINAR [483, then none]
& Plantelsts) 8 Finot developrent [1pe]? 5,809 None §
E. citdodora 1 Termina buds from - STPe 15 Cir72h [0z 582004 (0.2]}%{0_3}3;\ {54
10 20-y-0f trees é
2 Epdante(t) 5%.p Auigry shoot prolferation 1302F S.BI20LA 0.2k (2 31BA
3 Explants{d) 8 Sheot elpngation peef 58208 [12Ke {6.3BA
4 Shoois(3) DR-Pre 4G h pre-freafment jaapt 5.8001 (INAL,
§ Shoos(4) DA Sheots rooted 2.8 H0gf 582008 Nonew<
& Shoois(s) 3 Root eiongation 8.5 #1102 58200 None B3
N
. citiodors 1 L.eaf and slem tissues C Catlig et Eftered 81205 {2;NA§{(}.3}8A (0.2 #1162
fram seeding and malune
troes
2 Catusi1) 8 Shoo regensration pozf 5.8/20- {3.3)BA (02K
3 Shoots(2) DA Shouts raoted, plaris f1aaf 8200 {ZINAA [48 b, thar nore)
4 Plants(3) 5 Root and shoot dongation  PO2F £.80201, Nore
E. citriodors 1 invilry soedfing Besues Shoot smatfiplication 65
2 Shoots(1) 23 Shoots rooted, plarts
3 Blamens c Callus culture
E. cltriodora 1 Eembryos DE kitiaion of somagic [59] Meet-BE S4/50/0.4 (IINAK [dark? fied)
smiyyogenasis
2 Embryoigls (4} DE Somatc embryogenesis [138) Salis (mod), [102k, ghye.” 5550104 (0.51BA (1% ICM Hlight
3 Embryosi2) £l Devalopment of pianis 451102 5.8/201 Nona

Oy
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Table 1. Continued.
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Speties Stage and expfant Hesponse Resut hedham pH Suer iAgar Plant @mﬂh ragulaon Aeterencs
g% o Z
E citrodora 1 {Jecoated seeds G-DE Germination, primary seemati 50 Med-B5 ~50!1 5G [SJNA%dark] [103
gsbryonenagis on colyiedons 9
2 Embryos{1) DE Clusiars of embryos [B01 Med-B5 Hive subruitures] -3 55 iBJNm%dark]
3 EmbryosiR) DE Embryogenic mass |50% Motk BEY ~30t.5G {5)?%@(506)0?% idark]
4 Embryos{3) E-P Prant dreveiopment [50% Med-B5 ~i20/1 5G hone (e
o
E. citviodora Cotyledons o Protoplast cuture KEP [tiy.-on-agar or imbeddad il ‘% 98
i agal -
[
E ciftiooora t Coppice shooks o SN-P Shout profiferation 2] ) IAA BR 58
wjvanaled soions S
2 Shootatt) DR Shoots rooted, plants 0.6 [102)or i A8 orfBA
83 N
B8
E. cladocalyx ¢ Calius cutire N 78
=
[&)]
E. cladpealyx 1 Gambial ssug ¢ Calus cuitwe B33
2 Cotytadon caltusit} L8 Shoot regeneration 184} S4H420:10 B2VAA N
3 Showis2y 338 Rooted glantiels ] G200 (1184 o {BA
£ coceifera 1 Juverile leal i Callus inchuetion (80} salts 3018 (11240 [0.43Kin WEDME [Pdays) 175
2 Calus{*) c Optimal growth [907 satts™® ~{3018 iH.228124-0 (2.45Kn
E coccilera 1 ?aztié%iy ejuvenated nodes  ShP Axiiary shoot profiteration 0.5 x[102) saits, wit. of 20 med-M” 55307 {0.01INAA {D.2}BA (154
2 Shoois() DR Foot inigatian (833, vil. of [26} Mad- &' 55157 {15 or 3EA [dark 10 10 20 days]
3 Footed shootsi2 5 Root and shoot elongation  [83), vit, #F 28] Med-M ™ 558007 None
E. curtisit i I viirp seeding NP Axillary shoot profiferation  [60] MedH 5541158 {13534 [0.34)34 %
a0des
2 Shoots{1) R Shots ronted {69 Meg-2 5520 5% {184
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Tabie |, Contipued,

Medium

pH SucrAgar  Plant ghowth raguiators

£U0. papeojumoq

Referance

Species Stage and explant Response Resut
o () =
E. curtisit + Medes hom seediings SN-P Auilary shool profferation 0.5 [102] salts 208 (0.19}@#.#. (0.2%BA &7, (68}
. =
F LOppice <
2 Shigttsgt} bR Shoots rooted 08 x {102 salts ~F38 (G\QE}QM
E dakympieana ¢ Nodes fom 5-yaarod tree  HR Reoted plantiet (2] 5 872018 (188 (431
¢ teal from adul wee R Foat farmation (28 58208 {1]l8@
>
E dalymploana 1 Sesd t] Getminatior: {221 5 8208 Nona & [41}
2 Shoot tips, nedes (1 DRS Shoot and ook fermation {223 5.8/10:4 w,zsg;\
Shool Hps, noges from >
4-pear-old traps -
c
£ dalympleana 1 Sclor nodes Sefuvenated) S Shoot development [192° oy {&iM }ﬁM {11BA [dark & days] [£2, 4%
2 Shootsit) STP Asilary Shoot meliterstion {1023 safts, vt of {20] Mackad'! A 0011884 10 1B
3 Shootsi2} 8 Shoo! elangation [ 1623 sahs, il 0 f29) M- M2 —~h (051 BAA (B 1UBA {11GA
4 ShoatsEd) R Shonis rooted {83 i {1]IBAGHank 7 days]
@©
Eodatympleana 1 Solon nodes refuvenated)  SN-P Axlare shoot orofiferation (0.5 x [102] salts, vit of 120 Meg ™ 553077 .01 }ngM {0.2BA [34]
2 Shoats(1] £R Foot iriliation {84, wit. of [20] Mag-M'' 58157 (1 5 cE3HBA [dar $0 o 20 cays}
3 Footed shools(2) 5 Root and shoot elongation 153 vit of [29) Mad- M 55307 HNone
£ dalympleanas 1 Awhers &G Ciathus culure {108} 55007 (2213240 H1.13)BA (57
2 Caliug oK Roor devslopmant s 51307 0. 1=1124 Do DA1=1.3124.D
(0117130, of ([ 1INAA (2 18] Kin
OF (0.04}NAA (1.1)BA
E deglupta 1 Seads G Gemination {27 RH2.055 Nong (21}
DRS 27 5.52.058 Rone

2 Shoof tigs, nodea(t)

Shoois rooted, plants

ity
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Table 1. Continued,

Response Rusult
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Refamnce.

Species Stage and expiant pH iSucr.ihgar ?ia@gmmsz reguistons
PR
F. delagatensis 1 Parially reiwv. nodes SNP Anliry shoot profferation DB ¥ i302] salts, vl of (23] MedtM™ 55207 {0 0DNAA (0,284 115]
2 Shoots(!) oR Roat infiation 183}, vit. of [20] Med- M BEAST 1 57 3B Jaack 49 1o 20 days]
3 Roated shoois(d) 5 Root and shoot elongation  $83}, vil. of (28] Med-M 2 BB3NT Nerg'
>
E. diversicolpr 1 In wira seadiing tissues C {allus indiation % 188
# Catlus(1) s Shaot raganeration Q
1 Shootaiz) 81p Shoot metiphcation %
4 Shoots{3] DA Bhoois rooted, plants o
5 Nodes trem t0-yearoid SN Shoot multiplication é
4845 o
& Shoots{s) R Shoots rovted 2
7 Stamens ¢ Calus cudure =
E dunai G Calius cuiurg —E (55}
. g i Hypecotyts, cotyledons DE -tk structures [182} salkts imod), RY vit. i1 ,@,4-8 Ha07
ar seeding leaves + &mirks 26y
2 Empeyo-dike BE D8 Embryo Like strucilires [102] sals (mod.i, BY il {15184
struclurasi } and adventitious shonts + AttinD #gids
£, foifnia 1 Sowds & fiarmination (28] Med UNE-S 52 058 Nana 321133
2 Hodesit) SN P Auiliary shoot profiferation [34] Med- MHMH 554118 {1.751AA 203184 11.85INAA 203N0A
{2202.4-0 01 88)p-CPA (D22)Kin (L23BA
2 Nodes (33] B52050:41 15 (2.03BA D221Kin 0.23184
3 Nodes fome mature iress SM-P Axilary shoot prolieration [34] Med-MHMM 554118 {4 TRRAA 12 DTHEA (1LEBINAA (202INCA
f2.2112,4-0 {1 BB)p-CPA (0.225Kin {3 231BA
3 Modas from mature trees [33] B5208 or 41 18 {2.03)BA D 22Kin {02384
4 Shnooksizid) [ Shonis roted (33 SB205 0 41118 (2 03084
£ fioitoliz { Speds ¢ Garmination 28] e UNE-B 552 058 hang 13
2 I vitro seediing node Sh-P Multznle Buds & shoat grewth [34] Med MHRR BA&1 18 (1 T5HAA 2 O3)IBA 1 SEINAA S O2NOA
(2215240 (1 86 CPA (0.22)Kin (0.231BA
3 Nods{l) SN-PIC- Vigoous organogenic callus  [34] Med- M- 5541,18 12 FHBA C22KIn (D.231BA

5
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Table 1. Continued. &
&
Species Stage and explant Resporse Hesult Medium ph/SuerfAgar  Planigrowth requlators Reference
o% o =
E ficifolizcortd. 4 Nodes[S or (2 R Shoot growth ang rools {345 Med-MHZH' S8EGE0r 4118 {2-9@3!\ (39
4 Nodes 2% 552058 {1E5
5 Adult node SNP  Shoot growth, mulipie bude 134} Med-MHMH 554148 {26584 (0.28%0n (0.231BA
6 Nodes {4} SNPIC Mo shoots from calius 1343 Med-MHH 5541148 {2.038BA (0.22Kin {0.23)BA
7 Nodas {5} bR Shnots root poorly 1343 Mad- MHZH' 5541.3/8 {2,93@3&
7 Nodss DR Shoots roo! but degenerate (22 AP0 58 {z}iag
£ figitotia 7 Nodss bt Shoots rovled, prants 1§ combination'® 5520500 5488
«Q
£ fioifolia 1 Adiforseadingnodes  SN-P bultiple buds 343 Mock-MAMH 55641.18 (1.7500A {2.03)0BA [1RENAA 202INOA 1]
224240 {185p-CPA H.22)Kin (3 2384
2 Butds(1) STP  Aillary shootprofferation 34} Med-MMMH S 5.5i41.1/8 {2 0BFRA (0.22)0n (023164
3 Nodasi?) bR Rooted plantiets [0 Med-B 552058 {2}18%
£ ficitolia 1 lvireseadingshools DR Bhoots roctad. plants 128} Med-F® sgstys  (1ooTha (3]
2 Shoots from aduft nodal are Auiliary shoot profferation  {34] Med-MHbH® 5520.5% i ,{BZEBA {0.05184
GuEures ~
3 Shoots{d) ] Srnnts sooted {20] Med R¥ LLUAREY {?.GE%A {0.005)8A
E. ficifofia 1 e wifry seediing nodes SH-P Ailfary shoot protferation (69} Med 534118 [1IBA B.34BA (68
% Shoots{t} DR Shoots rodied 169F Mod-2 5520578 1yBA
E. ficifolia 1 Adult or seeding nodes Sh-P Muidtiple buds {34 Mad-MHMH® 5.5041.18 {£.02)1BA 04584 (29 -
2 Nodos X subculures{ty DR Only pfanis from seediings  [27], 28] Med-R 352058 {102 1BA m
srvived g
E. ficifofia 1 Nodas from seedings Sh-P Axiliary shoot profferation 9.5 2 D102fsalts IR0 {0.19)NAA (D23RA [67], [68] %
oF COppne b
2 Shooisit) b Shouts :ovted 0.5 1 {102 salts ~208 D53 NAA E‘;
E. globuhis 1 Seadling tissues " Callss cufurs [10ef 60130710 (124D [86] Y
2 Caits Su Suspension culture 02 6.030LA 01240 =
{poar growth) i
]
o
Z
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Table 1. Continued.

/idny wouy pepeojumod

Species Sran and explant fegponse Result Mediurm pH Bucr Agar Piav%mwth regltators Ftefemnoe
oot &
E. globiius 1 Terminal buds fram 10- ST-Pre  BCfrfzh g EE20/48 {0.2%n (0584 W 4
to 20-year-oid rees E"
2 Explarisl1} BT-P Auiary shoo! profferation 1102P 582004 {0208 (9.518A
3 Explanis(2) 8 Shoot ehngation foef S.820LA {©.0BKn (0.1)84
4 Shoots(3 DRPre 72 predreatment faef S&/200. {CHARR L2HNAN
5 Shaots(4) DR Root growth o5x 0 58208 nond
& Shoots(5! DR RBeot sennation 05 xjrog) S80I None.
£ globuls 1 Seeds & Garmination Water-agar w2015 Norg 108}
2 Hypoootyls{%) C Modylar callug £128] Mot 5612018 {3178NAA (11.26)BA
3 Noduia: callusi2 G5 Shools and rools £128] Mo-1 562008 Mo
=}
E. globuis 1 Nodes from Jyear-oid #ees SN-P  Inifisfionof axilary shoot 102 saits, 1138] vl + upplaments® 571297 QOBNAA (11BA ]
proiiferation <
2 Shoots {1} ST Axilary shoot proiferation  [102) sats, [138] W, + stpplements™  5.7/2077 fﬂ.ﬁ'ﬁ)@mh {11BA
3 Sheois{2) DRPre  Pre-reatment Agueous i {11E& basal diz 1 min]
3 Sheots OR Shoots ronted (102} saits, [138] vit, + slpplements™ 577207 Hongn
£, globutss 1 Explants brom 14-y-old tress STN-F Shoot muttipication e {134]
2 Shoots{1} bR Stoels rooted, plants s A
£ gfobisus 1 Inviro sesdling nodes NP Axiltary shoot profiferation  [68] Med-1 5514148 (THBA {03484 169
SUDSD. BicoStaly
2 Shoats{1} DR Shacts ropted [69) Med-2 5502058 [111BA
E. ghobustss t HNodes from seedlings SN-P Auxilizey shoot peofferation 0.5 x [16%] saks 208 {0.39)NAA {0284 {67, {68
subsp. Dicostals O Soppice
2 Sheots{1} 43] Shoots rovted 05x[162] salis {208 {HGTNAA
E. giobiius 1 Embryos 33 Adventiious shoots {168 e EPiAA Y {142}
subsp. globilus
2 Shoots{1} 8 Shoot development {102) e More
3 Shootsi2} DR Shoots rooted ot 1BA
4 Seadings, ermbryos SHen  Plasmidiranser by {168 efo
or shools Agrobactarium limelaciens

SOULLATY 3 E A0 TENETN D 2ASSIL
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Tabje §. Continved.

L W04} papeo umod

Spoties Sans and sxplant Hesporss Rezult Madiurs ot iSuce hgar aﬁgmwth regraiston Reforanes
RTINS
E. gomphocephaka Cabius oulture ot ié; [#8)
£ gomphocephata  Cambialfseoe Callus cUhwe e ‘§ 77, 53
E grandiz 1 Star internode e Cailus rikigtion and growth  [27] Med-A 5503088 [3\@% {43Kin &7
2 Callusit) CR Roots famad, no shoots [27] Mod-A 5EA08E 4.812.4-0 {2.48Kn
£ grandis 1 Seads a Gemination 127! MeckB 552088 Nodd 24
2 Shoot tips, nodas(1) BRS Shoots rooted plants {27 Med-B 552068 Na(fg
E. grandis 1 invilioseeding oot OR Root cullures {21 Med-F salis 2.5 No@ [dask} )
E. grandis 1 Seeds G Gerination i27) Med-B 552.0548 Mo 135
2 Nodesit 0GR Axifiary shoots, rools 127 Med-B 5.5/2.054 No
3 Noces from 4m-old¥pes  DR-Pre Foolinfiation prergatment  135] Med LLP 55205140 {DGNAA [dark 15 days]
4 Rogled shools 8 Root and shoot elongation 135 Med-LLP 5520540 No
§ Notesfom -m-oidtrees  DR-Pry  Aool infiation pre-reatment 35 Med-LER BR20510 it §g\ {dark 28 days)
§ Fotled shoots 9 figet and shoot elongation  [35) Med-LLP SEMENG Nerag
E. grandis 1 Nodes Prg 2 hsoakin dist water Aguetus s & ]
2 Nodes abovanpde 14(1)  SICIR Plant with roofs via {22 E820458 {0,284
basal caflus
E. grandis 1 HNodes 3R Shoot development, ooks [103) Mad-MX1, or 105 02010 {1184 153
E grandhs 1 Lenves G Caftug tulivre 168) Dt i Vi ipus oaenbinations of 2,4-D and Kin
2 Gallzs(1) CR Faol develapment 10 ot HUBA
£ grancis { Anthers AG Callus cutture 139 ] i Qe 124D (10%H0M 53]
E. grandis 1 Hodes of 1~ lo 2-p-old rees DR Shoat and root development, (22} SR2N5M i0.18)1A4 iark 7 days] {22}
plants
£ grandis ¢ S, leal & peticie fissuss © Callus culuse 137 12 1412, 4-0 {15%CM B3

NHGVLS NVA NV XO0W TT
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Table 1. Continued.

/:dny wouy papeojumod

Spacies Stage and explant Responsa Result Madiumn pH iSucr.ﬁAg_az Pla_@ growth raguiaions Raferance
o4 1o )
£, grandis 1 Seeds G {iemination 126} Merd UNE-B 552,058 Masé [#0}
2 Coppiceorseetingrodes  SNP Good shoot growth 1341 Med-MHKH® 5541178 {2 G3MRA 10.22Kin (0.27)BA
3 Nodest DR Shaots oot poody {34} Mad-MHZH" 554148 (2.t
3 Nodes DR Shoots root but degenerate  129) 5520506 {1ga
3 Nades bR Shaots rooted, plants 1/ sombination™ 552058 (118A
E. grandis t Nodes fom 4-year-olf tree DR Rooted plantiet 22 58208 (1}%& [43t
E grandis + Nodes from seedlings, bR Rooted plantiet [1} Med-B S52058 f1 g}isﬁ\ [0
coppice and young Irees ﬁ
E grandis t invigoseedingsrades SN Awllary shoot profferation  [69) MedS 554198 {148A (03484 (68}
2 Bhootsi1: DR Shoots rostect [65] Med-2 552058 (18
<
E. grandis 1 Nodes from young fress SNP Shoot multipheation efrefe N (72
2 Shoos{th DR Shoots rooted ofocf g
E. grandis { Hodes of seediings or coppice SN-P Axitary shoot profiferation 0.5 P02 saks 208 (6.5}NAA [f238A (675 (68
2 Shoots(h) 4133 Shoots routed 0.5 x 1102 sakis ~{208 (4 93NAN
E. grandis 1 Nodas of seadings or conpios SN-P  Shoot devalopment 0.5 x 502} saks, vt of 126} med MY BESOT {0.01INAR (0.1BA [dark 7 days] 48]
2 Shootsi1) ST-F Axiary shoot pecifioraion 0.5 % B2 saks, v2. of [29] Med MY 555307 (0 .01NA (D284
3 Shootstd) s Shoot elgngation 0.5.x [102] salis, v of [29) Med-M™® 55507 (©.00NAA (0.1)BA 10.11GA:
4 Sheotst3p IR Shools rootet 183} ik, of [29] Mo M B30T {1}1BA
E grandis 1 Modes bom S-yearold trees SNP Axllary shoot profteration  [1oa 28 {1INAA (1184 {85}
2 Sheotst1} 8 Shigot elongation Hozp 28 (1168;
3 Shootsl?y DR Shoots outed LT [ ~{2H8 {1-5) i34 or (1-BNAA
3 Shoots{2) DR Shots rooted 1134 e H.3)AA
£, grandis { Nodes hom vanigand  SN-P Auflary shoof profiteration  [1081 24 (5.3MAA {22 5-45)BA (1257
matere freeg
2 Shoos(t) 5 Shoot slongation [543 salis -0 {13904 [¥ days]
3 Shootsi?) DR Haot inductioa—Stage 1 F139) —I200A {0.35)0A4 (.3 INAA (4.1118A 14 days!
4 Shoots(3 DH Rootinguchon-Stage 2 0.5 x 1102} sahs® A2 None 14 days]
5 Shootsi) DR Shoots rooted 05x [102) salts ~08%, Hone {21 days]
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Fable §. Continued.

ceo.11 By LY Papeo JUAMO(

Spesies Stage ard explant Response Result Medism pH/SuerjAgar  Plantgrowth reguiators Hefesence
@ 98
£ grants £ Nodes o 4-year-old trees SN-P Axillary shoot proferation [1085® Il {LIFINAA (0.5 11BA fa6
2 Shoots{1} R Snoots rosted 0.5 102 or [139] o {5}28@ or (B 5INAA {0,504
3 Shoots(1) G Galis nitiation nogpe i 51280
4 Catus(3) CIE Fmbryogenesis i it (0. 4BAA ()i
5 Caltsl) ClE Embryogenesis Hog) wfetl, (1NEA (1)24-D (1)iin (1BA
E, grandis { induced epicormic shoets  STUN-P Shool multiplication f124]{mod ) fedfy o [74]
# Shoots{t! DR Shoots rasted B3E" —=A {8
E. grandis Seadling tssues Su Suspension culture eff f {38
E. grandis Epicormic sheats STN-P  Ghoot mutiplication {102 efodn it .8}§P {0284 HEH
£ grandis t Coppice shoots, feu. Scors SN-P - Shoot prolferation [102] -5 144 B 159]
2 Shoots{1) R Shoots rooted, plants 0.5 % (162) or 18 i A& BA
E. grandis 1 Hypocotyls, cotyladons, DE Embryo-ike struckires {102] salts fmodd), BY w5 aming  wiwie . }534-0 1
sueding leaves, young leaves atids 8
410 1 vitro Sh0GIS from &
adlialt trews
2 Erbryo-dke stucures(1)  DEMS  Embryolke shucturesand  [102] salte (mod ), AY vit. + amino ¢ 1. 1BA
adventitious shoots acids
E gandishybrids 1 Mypocotyisorinternodes € Friable callus na il 12.2112,4-0 {3.37)NAA Jdark] {115
fromm young aduit shools
2 Calhis{1} Su Suspension culture =i, §0.4412.4- 3 {O.3TINAR {3.00020Kim
3 Callus{1, suspension celigZ) Pp Protoplast culiire oo i3
o young leaves fram i i
shocts
E gunnii e Cathus cultume oo F78]
& gunmil Cambial Hssue G Cailus oulture nfunfoe 77
£, gunmi t Seatls G Genmiration i 58208 None [44}
2 Shootdips, nodestl: Shoot  DRS Shoot and reot formation 2z} 581048 None

tips, nodes from d-meold frees

b
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Tahle 1. Continned.
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Stage and expiant Responas Result fAedium oH Sucr.‘Agar Plaagmdh ragutators Heference
o) (g
E_ gunni 1 Seion nodos (piuvenaled)  SNP Shoot development “pzr? ekt (8.0 SBEAA (1)BA [dark & days] 149}, [45]
2 Shootstt) §TP Axllary shoot profferation 1102} salts, vit. of [29] Med:M" N/ (001544 0.158A
3 Shools{2) 8 Shogt elungation 1102} salls, vi o 226] Med -2 —-A {OIABAA [0.0)BA G
4 Shoots{3) L] Shaots Footad B3 —A {1/BR|dark 7 days)
>
E. gunnif 1 Parialy rejuvenzied nodes  SN-P Axillary shoot profiferation 5.5 x [102] salis, wit. ot [20] Mad ™™ 5 573647 {O01BHAR (0.2 15t
2 Shosts{1) B8 Root nitiatian B3], v, of |29} Meck " 5511817 {1.5 GRTUDA [dark 15 1o 20 days]
3 Fouted shoots(2) § Fioot and shoot slongation 183, vit. of {29 Meg W™ 857307 mee%
<
E, gunri 1 Parially rejuvented scian GNP initiation of axilfary shoot £35) Madc 1 i 3HF LOTRNAA{1IBA (362
shoots profiferation 2
2 Shoots{1} 5T-P Axillary shaot proliferagion 38 Med 2 37 {C.O0RAA (6. 1BA
3 Shoots{2} § Shoot elengaficn 35] Mad 27 3047 {BA0EAL [0.1BA (1164,
4 Shoots{3} BR Shaots rooted F38] Mad 3 imodified) -30/7 {1}ERR]dask 10 days]
o]
E. gisi 1 Seeds it Germination [£02] - Rianano [t
2 Fowisi1) O-R ool culture (£02] it Nonefiark 3 104 subcultures]
2 Hools [102) whoil. Norie [16 bour photoperiod]
£ gannii 1 Seeds G Gemination (1001 555007 Norie [£7]
2 Sweding leaves(t! C-R Callus, reot initiafior & some  [162]7 551307 Variolis epmbirations
undevetoped embrycnic
struciures
3 Hyptootyis and interncdas{13C-IE Primary emiryogenic calus 11027 or 559607 {1.9INAA D 11-1.1)84
g7y’ 55307 1EGINA (0.1 111084 [+ ctier combinations)
4 Embryogenic callusid) G- Secondary sebryogenic calles 11025 o 5509017 Various combinations
o7 55307 Various combinadions
E. g 1 b v seadling fypocotyls  OS Acheanblious buths {102 e (1.11BA {45}
and leaves
2 inviroseedings lisaues C Gallus aufires {102} fadn
3 Whllehypocotyicallus(Zy  CE Somatic embirvogenesis noe? e {7 INAR (L DBA
3 Wite eaf callus C-iE Somatis embryogenesis {102 ot {9.INAA (] 1BA
3 Callus(2} ¢ Microcali [ whll {LTNARTLDBA

STRESATY 205 SO 3N HNSSLL
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Table |, Contimued.

13y WO.J popeo JUMOQ

Asterence

ég:aec'ses Stage and explant . Rasponse Resulz Medium pid fSL;cr..ngar Plé.ﬁimwt?; regulaion
@ E
e S ——
E gunaicontd. 4 invino seeding inermodes Calius initiation [107} wenfer 10,9335, 31MAA [7.08]Kin
§ Calhus(d) CiE Sornatic embeygenesis 1977 - {0.1180.44}2.4-0 with o withoid
0 68Kin
or fofn Nom%
. gunnil Calus or suspension cells PpGen  Protoplast cultire: fefo 5 [133]
plasmig transfer §
E. gunni 1 Seeding rodes SN-P Shoot multiplication 125] Med-A. 58418 {G.E}@« 123, 1241 {25
2 Shoois{1} DR-Pre  Rooting predreatment 0.5 [$02] satts SB20E 161N DS or 1052
3 Shooisl2) bR Shoots rocted pants £25) Mead-C 58708 0. 548A
£ gurii 1 {aaves C Callas initiation {102 wiwd{ 5§ (232,80 [dark] {132}
E. gurwi 2 Frigble valusgt) Su Suspension mture {102}, or H37 =LA 1:3)2,§D (0.1 JBA 12 mithad, Hhen
A {1 BEA-D 0184
E. dairympleana wlelt A £312.83 £10%]CM [2 mths}, then
{1.54-D (0.8
3 Gellsi2) o Projoplast culiures {132 8.5l &
4 Colls{3) PpC Callus regenpration w7
£, henry 1 Coppice shoaks or SN-P Shoot prodferation {102 % A BA 58]
ejuvenaled scions
2 Shoota(f) IR Shtwts ropted, plants 0.5 [182] or {83} wdorl |AA or IBA
E. iasvapinea 1 Stem internodes (Smm} ¢ Callus culturg 27} Mad & 550308 [1.75HAA {B.223Kin [27)
£ xfeilchaw 1 i vitra seetings G Calius oo H08L W
2 Callus LB Ernbryogenic callls afmfer
3 Embrynigs EH Plants oo
E. macarthurd 1 Grown teal from Sy-oldirae DR oot formation f22] 58208 [1HBA 4%
E macroriynehia 1 Sheots. nodes om0 € Calus culture {104] sfofo A4 IBA NAA 24D BA {unspecilied) &
18-m-okd froes
£ maculata ¢ Catfus cuttre reforr 55

Hn
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Fable 1. Comtinueed.

Spacies Stage and explas Hesponse Result Medium oH Bucr fAgar Plardgrowth ragulators Referonce

;xos/(ud@u?/:duu W04} P3PE0 JUMOC

g
g0 199

E. macuizta 1 Coppice shonts sTp 1027 12078 7]

¢ Shopts{1} DR Shoots rovted 420)%&
E. marginala 1 Shoot tns from matwetse ST-P Shoot multiptication e {20510 i iﬁ&JAA 0.56) 84 (35

2 Shootsit} IR Shoots 193] bed-Ft miZ0 58 {2 21BA

3 Stamens frommatre e C Fiigment calius {95} ~I31/8 i }@M 12.2%in ldad]

4 Callus G158 Shoots rooted a5 /318 {(L00RAA (2.2)Z

5 Shootsid [H Shoats rooled {102} Saits {mod.), [50] Mec-B5 v, ~20.58 {2 G3HBA

and inositol™ k=
E. margingta 1 Cotyledon paficle, stamen € Calius induiction [102] Saits + [B0] Med-B5 vt and  5.7/30.810 {22}%:1 {1 SH¥AA idark) [14
flarments inositel <

2 Cailus(t) G5 Shoot inguction 14 6020510 DOSERA (22

3 Stoois(d) 8 Shoat profitaraton 189 58205140 {3 ABDSAA (D.55:BA

4 Nodes from mature iree Sh-P Axiiary shoot proliferation  [87) 5820518 {0.460AA (I581RA

5 Shoms(3jd) DR Shots rogled [132] Sals 5820510 {2 0350, 641BA
E. megacarpa t invitrp seeding Yissues Shogt muitiplication i (96
£ maliodors 1 Stem internodss G Caflus cuturas {27} Mag-A 5550808 {08844 {0.431Kin 2N
£ nichofi 1 Stem inernodss G Catlus cutiures {E7] Meg- AT 5530818 {3,514 10.1)Kin (27
F. thicholi t Seediingor coppios noges SN Adliary shoot profferation 05 ([102)sals ~20/8 (0. FSINAA (D.2NBA 671, 168}
¥, rilens i Neodes frore S-y-0ld tree SINBG Adllary shoots, sermi- {2 58208 {1.048A 143)

diferantiated calfus

E nitens 1 vitre seedling nodes Sh-P Auillary shoot profferation  [83) Med-1 RE41.48 {1HBA (334154 ]|
£, nifens 1 Seeding of copplioe nodes  SN-F Axiigry shoot profferation 0.5« 102} salts 2B 0L I9INAA (D.2318A bl
£ nitans t Nodes kom 2meoldtrees  BNP Shont devetopment 05 [H02] salts, vt of 129] Med M 55307 (0.01)NAA (21384 idark 7 days)] 148}

7 Shootsi1} s1p Bxigary shoot profiferaion 0.5 x [102) salts, vit of 120) MadM™ 55807 {D.01INAA (O 21BA

3 Shootsf3 5 Shoet elongation 055 102] salts, vit, of 29 Med-M¥ 553017 {B.01INAM {B.1)BA (3.1)GA:

& Shoots{s! oA Shoots rotted 1831 vit of 126) Medt M 55387 [158A

SAEIATYIOE AQ TYALTND FNESEL
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Tabie |. Continved. ;%
Species Stage and explan) Responss Resd Badiurm oM Suir.(Agar Pia%rcmh reguigions Reference
gl {oh ‘g
£ rovaangica 1 Seeds G Germination £.5x {99} Mec-GD 5.6/2017 Nong, 198}
2 Shoot tips, nodesfl) SNT-P Adventitious buds {99 Meg-GD se2017 {00 IBA T
3 Budzi2} sT.P Advertifious buds {99} Med-GB LYl (0. BYBA 112
4 Buds2Kd) 3 Stwal growih 0.5 x {99 MechGR? 560257 Nong
5 Shooisid) o Stoots raeted, plants 85 {99 Med G SHI257 (1)
2
E. abfigua 1 Lignotubers C Calius o 2 148}
2 Cablusi1) C48R Callus, shents and ools o =]
o
E obtusifiors 1 Invitro sesding nodas SN-P Axiliary shoot profiferation  E60] Med-1 55041 4/8 (1§ £0.241BA 166]
& Shoots{t) b3 Stoots rooted (59 Met-2 5520508 i1 ]1@
£ abtusifion 1 Geeding o oppios nodes SNP Aliiary shoot proifeestion 05 x [102] sals 708 0. 1BNAA [0.231BA (67, 168)
2 Shoots{1} ) Shonis rmated 05X [102] salis {2018 (B.98NAS
<
E ommages 1 invitro seedling sodes BMP Ay sheol profiferation [43) Medt 554148 {1188 0.3418A 169)
E. oraades t Seeding o coppice nodes  SN-P - Axitary shoot profiferation OB [102) sails 208 {G.1§\MA 023184 (59
6]
E. paveifiors 1 ¥ vitro seegling nodes GNP Axitiasy shoot profifération |69 Mad-1 55418 {11BA 10.34)BA (68
E. pavoiiora 1 Seedfing of coppice nodes  SNWP Axillary shoot profferation  DSx[102) salls ~feliih 101984 0.23058 [67]. {58
E paucifiors 1 Parbally rejovengled nodes  SNP Axllary shoot proliferabion 0.5 x 1102) sallts, vil of [28) MedM" 5513017 (0.0 )0NAR D 2HBA {15
2 Shoots{1 bR ot infiiation 183}, vit. of [ 261 Med- M" 55157 (1.5 o 3)IBA [dark 1010 20 days) by
3 Footed shoots(2 8 Root and shoot glongation 193], vit, of [26] Med- W" 55307 None g
E. poiybravtea + Agilt nodes Shp Good shoot growlh, no roots  134] Med- MHMH'® LLEERE:S (2 00YRA 10.23)Kin [0.231BA HO 130 g
£ polybractes t Akt nodes SnNp Mutipie ghools, ne roots {34} Mad MHMH'® LEZIRE: (1025484 [0.221Kin (2.20BA Rl ?
E. prelvbractes t Seedling tissues c Callis cudaire 2] -30/- (0512 4-B 1 1Kin (15%)0M {dark] 141} 2
>
E. regnans 1 Adult nedes SN-B Good sheot growih. nerools (34 Med-MHMH'® 5.5i43,1/8 2. 034BA (0.200Kn (0.231BA 110], 120] 5
E. ragnans 1 Soeding or adult nodes SH-PF Multipl shoots, no roots [34] Med: MMM 554118 {10232 {0.220Kin 10.231B4 Hof '}f
)
E, ragnans 1 frvilro soeding nodes Sh-P Axillary shood profferation [69) Med-? 554148 {1RBA {3 34:BA 159) %‘?
2 Shoow(t) DR Shoots raoted (68 Mad-2 552058 [1EBA '
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Table 1. Continued.
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Species Stage and gxpiant Fiesponse Hesudlt Madim pH SucrAgar Pant g?vﬁh ragulaors
o8 oh g

E regnans 1 Seadiing o coppics nades GNP Axilary shoot prolfesation 08 x {102 salls «~20i8 L 19)MAA (.22

2 Snoots(1} p# Shoots moles 05x 1192 salts 208 BINEAA
E. msiniiera 1 Seeding shoots ST 2008 Lé"
E wbusia { Nodes 5.0R Shoot develepmend, :osls 103 Med-3K1, o: H04] 8.572040 i }iﬁ%
F. mbusia Stem, laat lignotuber tissues G Gallus cafture - é
£ robugta 1 Seedhing tissues c Callus euiture [96] i3 0.553-0 [1)Kin {gari]

2 Cathusil) o Calas coilure (801 {10 {6.4}2‘%-0 {4 s Jigi)
E ohusia § Seading fissues o Cabus evdure (109} i D5)P@D (1Ko
E nelis 1 Seediing o coprice nodes SN Avitazy shoot profferation 0.5 x [$02] saits ~igthE {D.?’B)E:M (82584

2 Shootstl} OR Shopis raatad 0.5y 12 salis 208 {0.93]&'—\!—&
E. axiis b Modes fom aguit kees SN-P Axitery shoot development (8] .80 {I}Iﬁﬁﬁ.?}iﬁﬁ {0.584

2 Shoutsit SN-P Axiiary shoot proliteration 3 583018 11847384

3 Shaots2) DR Shonts reoted 05% 8 AT None
E. s 1 Hypocoivls, cetyledons DE Ewbryo-fke sirisiues 132 Sats imnd, 240

seedling leaves RY vit. + aming acids
2 Embrye-fke structures(f]  DE Embryoritke strustures (1021 Saks (moek 11848
Ds and agventifous shools Y vit, +amine acids
E. saligns t G Caliug cuittre et
E saligna Seacdling F5aues Su Suspension culture i
Eucalyipes sp. t Sheots §T-P Shoot multiphcation wimon
{E. safigna?) 2 Shoots(1) PpCo  Proloplasts: co-culured with  {50] Med-BS fmad.) ot
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Tabie 1. Coptinsed.
Species Stage and sxplant Resporse Rasult WMedium pHiBucr gar Pl & rowth regulators Folerence
el o8 @
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plants o
o
E. sideroxyion 1 Buds {710} [ Calus induetion [1ie] ity {008 5NAA o {1.08-5)2.4-0 {6
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Species Stage and explant
E. viminalis £ Juvenile leaf
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E. viminafis t Seeds
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2 Shoot fips, nodes(1}
3 Budsi)

4 Buds{243)

5 Shoolsid)

i Root tips
& Boots(1}

i Buds [7~1{mm}
2 Callus{t)

3 Shoots(2)

4 Buds (F~10mm)
5 Shoms{31(4)

§ Rootad shoois! 3}

1 o vitro seexdiing tissues
2 ShootsiT)

1 Shiots, nodes from 8- to
18-m-0kd trous

# Callus induction
G {Callus culiue
G Garmination

SMIT-P Advarditious buds
ST-¢ Acheentitious buds

5 Shoot growth

it Shoats rooted, slants

OR Root Guibee
G-88  Bhoot regenteation

¢ Dzt inductien

C-1g Callus, adventiious shoots
C-IS/ST-F Shool profiferation

STP Axillary shost profiferation
R Sheots rooted

8 Flarilet growth
Shoot multigfication

DR $hoots roofed

G Cakus cultures

(15 % 156] Med-GD
99} Med G

{89} Med-GD

0.5 % {99) Med-GD®
0.5 x [99] Mec-GD

f135]
f185)

12

M)

§102]

[$02]

05 x 1102}
0.25 % [102]

o iSucridgar  PlarBgrowth reguiators

14 WOIJ pOpEO|UMOQ

2t Retarence
G gl =

3415 gz}zﬁ-n (04K £78]
3015 228240 {25)Kin

x
58207 MNong' K8
56007 Lofiea {12
5 552007 QO8BA (12
§5/2.517 hong
B8 57 (1R

Q
55201 {2ns {135
& 57204, {183 {0.21%n {5.3)BA frodt fight B60nm}
bty {s.{)%-s;m or (G.05-5)2.4-0 #
~iPs GHESINAA, I or BA {2)Kin
a7\ {0.0EGINAR, 1 of IHA + (1)Kis {11BA
iy {D.0TRHINAA, 184 or IBA + {1.50n {1 51BA
iy {£.55A
wini Nongs
i 195] {96}
....Ir..ul,';..
RYRE 1AA IBA NAA 24D BA (unspecified) 7]

by

S5t

NHAVLS NVA ANV XNy 31


http://treephys.oxfordjournals.org/

TISSUE CULTURE OF EJCALYPTUS 457

Table 1.1, Rescription of morphogenetic responses in Table | Cades Hnked in Table | mdicate sequential
{- yor sliernative (f} events.

Cade Description

A Anther cuitre

A-LC Callis from anthers

C Callus formed/ealius culture

C-IE Embryonie callus

C-IR Indirect adventitious root formation from calius
CI8 Indirect adventitions shoos formation from catlas
C-ISR Indirect adventitions shoot and root formagion from calius
R Roos formed on caliag

E Directembryogenesis

R Dvirect advenditious vool formation

DR -Pre Root mittahon pretreatment

RS Direct root and shoot formation

DS Drirect adventitious shoot formation

2P Plangs devetoped from embryos

G In vitro gormination

Gen Gienetic transformations

E2A Tndirectembryopenesis

O-R Lsobated root culture

O-R-5 Root culture and shoot formation

15 Protopiast cullure

Pp-C Callus formation from protoplasts

Pp-Co Protoplast cocultivation

Pp-Gen Protopiast culture for genetic trarsformations
Ppt Protoplast isokation

Pre Preconditioning

s Shoot growth (80 propagation}

S5.DR Shoot development and direct adventitious rool foomation
S.Gen Regeneration of transformed plants

SN Nedal colture

SN-P Multiple shoots from single node culiure

ST Shoot tip culture

ST-P Mudtiple shoots from shoot tip caliure

ST-Pre Shoot preconditioning

Su Suspension culture

Table 1.2, Noges to Table |,

Note No. Comment

Equivalent de Fossard {27] Med-A, no cagein hydrolysate

Suppiemented with G.01 mg 171 calcium pantothenate, 0.0 mg 1"} biotin, no casein
hydrolysate

Supplemented with 2.5 g 1" activated charcoal

Modilied by exclusion of K850,

Equivalent to the medium of Aneja and Awsl [4] deduced from Ancia and Atal {4} and from
personal communication from Atal to Cremer {Forest Research Jnstitute, Canberra) giving
details of the medivm used 881, Note that the version of Cromer did not state that coconut
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Tabie 1.2, Contnned,

MNote No. Comment
itk was added or whether NAS was to e substituted for 2,4-0 or was In addition W it; the
agar, sucrose and inosiol concenirations also differed hetween the published version of the
medium and the version sent 1o Cremer
& Trom soatree replaced by 20 mg P! Fel s (ferric citrate)
7 Modified by KNOs at 950 mg 175, NHNOy at 828 mp 1!, CaCly at $880 ma 17,
supplemented with (0 mg i ' ascorbic acid
& Supplemented with 0.25 mg ™' NayMo0y. 028 mg 1! CuCly
g Supplemented with 5 mg 17 glutamine
i) Supplermented with ©.5 mg 171 nicotinic acid, 0.5 ma 17! biotin
i Equivalent to vitamins of do Fossard et al. {34} without folic acid
12 Equivalont to vitaming of de Fossard et al. [88] without folic acid, supplemented with
15 g ¥ activated charcoal
i3 Modified by CaCla2H0 a1 283 mg 1
14 Mediurs consisied of von Amold and Eriksson {1361 macro-vales, Murashipe and Skoog
11072) micronutrients with thiamine HCL at 10 mg 17, suppiemented with 100 myg £ inosiiol
15 Mediurm consisted of Heller [ 7] macro-salis, Murashige and Skoog [192] micronutrients
with thiamine HCl at 10 mg 1™, suppiemented with 100 mg 1 inositel,
i6 Modified by FeS0, 7TH0 0t 27 8 mg 178 NaEDTA 2060 a8 372 mg 171 NS0, 2l
92.3mg 1}, no folic acid, no Ki
17 Muodified by FeSO, 7H0 5t 139 mg 1, NaxEDTAIHO at 186 mg 17!, NSO, at
639 mgl” ! no folic acid, no ¥J
k] One part de Fossard et ab. [88] Med-MMHZH (sce Note 17) 10 9 parts Cresswell and Nitsch (22}
18 Supplemented with 92.3 mg 1! NS0,
26 Modilied by FeS0..TH0 at 27.8 mg 1), NaEDTA2ZH;O at 37.2 mg 1Y Nap S0, at
92,3 mgp 1", no folic acid
2t Vigmins as follows: £.5 107" mg 1! eyanocobalamine, 0.5 mg 17 fotic acid, .5 mg 17!
fiboftavin, 1 mg 1" biotis, | mg U choline chloside, § mg B calciom paiothenate,
Tmgl! pyridoxinephosphate, { mg 7! thiamine HCL 2 mg 17 nicotinamide, supplemerted
with 53 g 17! inositol, no glycine
22 Supplemented with HID mig 7 inositod
23 Modified by KNOaat 101 mg 1™
24 Muodified by thizmine BClat 4 mg P, supplemented with %00 mg 17! PVP
23 Supplementad with 800 mg ' PVP
26 No refesence given. Reference taken from George et al. |51
7 Supplemenied with 1.2 g 7' Ca(NO;)»4H0
28 Supplemented with 13 g 17! activated charcont
2 Medium consisted of 1.5 x macro-salis, full micronutriznts with thiamine HCHat 10mg £,
supplemented with 106G mp {7 Limositat
3 Medium consisted of Muegshige and Skoop 1102] macro. and tnioro- salts, with vitamisg of
von Amald and Eriksson {136]
3t meedivm conshed of Norstog and Riramstine |HO7] macro-sels, with viwming of van Aokl
and Eriksson [136]
32 Medium consisied of 0.25 x Murashige sd Skoeog [102] macre- safis, full micro-salts with
NaFeBDTA at 367 me 1!
33 Nao glycine, no casein hydrolysate
34 Medmm consited of .25 x macro-salts, but with CaCls at 220 mg ™ Y flt micro-salts
35 Maodified by NHNCh ai 2401 S mg v
36 Supplemented with 15 g1 sorbitol
37 Vitamins replaced by vitaming of Badia {8
38 Supplemented with activated charcoal
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Table 1.3 Abbreviations used in the text and in Table 1,

BA benzyladenine

Benlate benomyl; [ -{butylcarbamoyl)-2-benzimidazole carbamic acid, methyl ester
CH caseins hydrolysate

CM eonconE mikk

p-CRA pehlorophenoxyacetic acid

24-D 2 4-dichlorophenoxyacetic acid

G gibberellic acid

IAA indole-3-acetic acid

BA indole-3-hatyric scid

HropA mdole-3-propiomic acid

iPyrdy indole-3-pyruvic acid

Kaptan captab; N-trichioro methyi mecapto-4-cyclohexens 1,2-dicarboximide
Kin kinetin; 6-furfuryiaminopurine

ME malt extract

NAA aaphithaleneacetic aciud

o-NAA t-naphthalencacetic acid

NAA B-naphthaleneacetic acid

B-NCA B-naphtiylox yacetic acid

2P N 2-isopenteny]) adenine

pyvp polyvvinyipyrolidone

2.4.5-T 2.4 5-wrichlorophenoxyacetic acid

YE Yeast extract

Z reatmd-hydrosy- 3 methyl-trans-2-butenyiaminoparine
RV vitaming, reference nol given

placing the branches in a greenhouse under infermittent mist irrigation. After 2to 3
weeks, epicormic shools approximately 30 mm in length were harvested from the
branches and used as explants, The shoots were sprayed with Benlate (1 g 177 active
ingredient) plus streptomycin (0.1 g 1!} 24 and 48 h before colfection.

The protocols for sterilizing shoots are similar to those employed for seeds. Most
procedures begin with a wash in running water {11,60] followed by treatment with
0.05 10 0.1% (wiv) HgCl; for 5to 15 min, or | to 109 NaOCt or Ca(OCl}; for 1010
30 min, followed by several rinses in sterile distilied water. McComb and Bennett
193] reported good survival of E. marginate nodal explants sterilized with 1%
Zephiran (benzalkonium chloride) in 10% alcohial for 10 min. Holden and Paton [72]
sterilized field-grown E. grandis shoots by 75 min immersion in saturated Ca{OCl),,
foliowed by 4 h of UV-irradiation. They obtained litle contamination and 50% of the
explants grew.

Floral buds

Floral buds of almost full size of £. marginara were soaked in 95% ethanol for 3 min,
fiamed, treated with NaOCl for 20 min, and then rinsed three times m sterile distilled
water, Buds were then sectioned to provide stamens for callus cuitures. Effective
sterifizaiion (100% ) was achieved by this technigue [11].
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Lignotubers

Lignotubers are swellings produced at the base of young trees of some Eucalypius
species. They contain many vegetative buds, vascular tissue, and substantial food
reserves |118). Bucalyptus bancroftil lignotubers were surface sterilized by swab-
bing with 0.1% (v/v) 7X detergent and covering with cotton wool saturated with
Ca{OC1); solutian for 20 min before being cut from the tree. The cut surface was
dipped in molten wax and the lignotuber transferred to the laboratory where slices
were soaked i TX detergent for 5 min before treatment with saturated Ca{OC),
solution for 20 min. Slices were cut into smaller pieces to provide explanis {35,881,
Aneja and Atal [4] used Hgnotubers of E. citriodora to establish shoot cultures, but
no detatls of sterilization were given.

Some authors have recommended spraying source material with fungicides, insec-
ticides or antibiotics before harvesting explants to increase the success rate of
sterifization procedures [ 13,42,45.74], Boulay [15,16] recommended spraying donor
trees with systemic fungicides every two days during the week before initiating
cultures, Debergh and Maenc [26) and de Fossard [29] suggested that, before cultures
are initiated, donor plant material should be transferred to a greenhouse where good
sanitation can be maintained. Less rigorous sterilizabion protocoels can then be
employed and explant survival 1s improved.

Establishing cultures

Dormancy and senescence of explants are obstacles to the establishment of culiures,
Sterilization procedures may elicit a wound response in addition to that caused by
excision, Dy woody plants, phenolic compounds are produced in response 16 wound-
ing and these can be deleterions to growth Jn vitro [52]. The oxidation of phenolic
compounds in the tissue and explant exudates is evident by browning of the medium,
or the explant or both {22,27,43,45,541.

Durand-Cresswell [40} cised by Durand-Cressweli et al. {42] reported two {ypes
of exudates in E. grandis organ cultutes. One, which appeared within one hour of
excision of the explants (wonnding effect), was aggravated by constituents of the
culture medium such as high concentrations of sucrose, serine, chlorogenic acid or
cytokinins [40], high boron concentrations {531 and light {42]. Creasy 120] reported
that the activity of enzymes catalyzing the oxidation of phenolics is increused by
light. The second exudate appeared during incubation and seems to be a product of
senescing cels,

The following precautions reduce phenolic production in Eucalyplus explanis

1. Sclection of actively growing young explants [43];

2. Use of sterilization procedures that do not severely damage the explant tssues,
This may require transfer of donor tree material into a controiled environment,
establishment of higher standards of sanitation (for example fungicidal sprays)
and partial rejuvenation of the material by grafting or rooting of cuttings
{26,29.457;
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3. Washing sections of source material in running water for ai least 1 h before
sterilization [11,30,32,54,60];

4, Scaking explants in sterile water after sterilization, before placing on medism
[22,431;

5. Scaking explants I antioxidant sojutions after sterilization, before placing on

medivm [65;

Including antioxidants such as pelyvinylpyrolidone [85,86,124,125] and ascorbic

acid {607 in the mediam. Although activated charcoal has been used 1o adsorb

toxic or inhibitory substances formed by callus ¢xplants 3,52, it was found to

inhihit callus formation on various Fucalypms explants when added to media at

8 g1 {85);

7. Placing cultares in the dark for an initial period of 7 1o 14 days [10,15,22 45,48}

. Frequent subculture during the initial months [54];

9. Using explanis from established shoot cultures 1101).

&

o

Calins culfures

In virrp callus formation and cuiture have heen reported for at least 30 Fucalvptus
species. Plant regeneration, however, has only been reported for 12 species (Fable 1},

A variety of basal media and concentrations and combinations of plant growth
reguiators have been used for the callus culture of Encalyprus. Earlier reports
[4,123,130] included undefined components such as coconut milk, casein hydroly-
zate and yeast extract in media. Although mosi recent studies listed well defined
media additives, malt extract was used for callus culwres of E. viminalis and
E. coccifera {75}, and coconut mitk for callus cultures of £, polybracieq {141] and
suspension cultures of £, grnnfl [132). Callus cultures have been grown in the dark
[11,27,141] orin fow light [53,82,84], useally at 25 °C.

The nature of calli produced depends on the explant sogree and the medium. Hard
yeliow calli developed from cotyledons, whereas initially grey, then yellow lumpy
calli developed from stamen filaments of £. marginata {111 Compact red-pigmented
callus formed on cotyledons and hypocotyls of E. citripdora [84]. Compact red,
yeilow of pale-green callus formed on hypocotyls of £. globulus [108]. Sussex [130]
produced friable callus from which he was able (o mitiate suspension cultures, A
wide variety of callus types were produced in experiments with different media and
auxin/oyiokina ratios 35,881,

Shoor and root regeneration from callus cultures

Shoot regencration from Eucalvprus callus is difficult, Ancja and Adal [4] reported
regeneration of plants from lignotuber callus, Lee and de Fossard [88] reported no
organ regeneration from stem calli of E. bancroftii exposed to 175 auxinfcytokinin
ratios, nor from lignotuber catli exposed to 100 auxinfeytokinin ratios, All cultures
in these experiments were incobated in the dark ut 25 °C. Lightis essential for shoot
regeneration from Eucalypras calli [951

Kitahara and Caldas {821 reporied shoot and root regeneration from hypocaotyl
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callus grown on White's [137] medisvm with 1 mg "' TAA (see Table 1.3 for
definitions of abbreviations}, 60 days after subcuiture of the callus to fresh medium
of the same composition in a 12-h photoperiod provided by diffuse fluorescent light.
{akshmi Sita [84] found that shool regeneration from cotyledonary cailus of
E. citriodora required 0.2 mg 1" IAA plus | mg I”' zeatin and a 12-h phetoperiod
of diffuse fluorescent light. These shoots were able to form roots on a medium with
anxin alone. Root initiation was achieved on calli of 2 number of Eucalyptus species
in a 12-h photoperiod, whereas no shoot or root regeneration occurred in the dark
[33,551.

Shoots regenerated from stamen calius of £. marginata showed fow rooting ability
(5%) compared to roating of shoots regenerated from cotyledonary callus {35%)

[11].

Organ cultures

Roots

Bachelard and Stowe {71 were able to maintain cultures of seedling reots in a liquid
medium confaining 14% cocont milk. Reot tips could be subcultured on the same
medism, but no shoot regeneration was achieved. Adam [1] was able {0 culture
isolated roots of £, granii on sodid or liguid Murashige and Skoog 11021 medium
without plant growth regulators.

Lignorubers

Callus cultures have been initiated from sissues of lignotubers of E. bancrofiii
127,334, E. citriodora (4], E. obligua, E. viminaiis {140] and E. robusta {53]. Plant
regeneration has onty been reported for K. citriodora [4], which is surprising because
lignotsbers contain many dormant shoot mesistems and these have been used for
vegetative propagation [12,66].

Anthers

Calfus cultures of anthers have been established for E. callophyla, E. citriodora,
E. diversicolor, E. marginata §11.95), E. dalrympleana [17}, and E. grandis {33].
Benaett and McComb {11] and McComb and Bennett {95} regenerated shoots frora
caili that cosld subsequently be rooted. Boulay | 17} reposted roof initiation of calli
with a range of plant growth regulater combinations, but no shoot regeneration was
achieved.

Microcutiings

Farly atrempts at in vicro propagation of Fucalyprus simed at rooting microcuttings
from the crown branches of voung trees, because these branch cuttings could no
longer be rooted by conventional propagation techniques. Paton et al. [111] 1solated
a rooting inhibitor in older leaves that was responsible for the ioss of rooting ability
in cutfings taken from mature branches. Rooting of microcuttings was schieved with
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nodes of £, grandis up to node number 80 (the cotyledonary node taken as the first
node) {22], nedes from the crown of S-year-old trees of E. dalrympleana, leaf discs
of S-year-0id E. macarthuril trees [43] and nodes from the crowns of 22-year-old
E. ficifolia wees {10,291

Cresswell and Nisch [22], Durand-Cresswell and Nitsch [43] and Durand-
Cresswell and Boudet [41] used agar media supplemented with [BA in the range (.25
to LOmg 1 ' to inigate rooting. Cresswell and de Fossard |21] used liquid media with
filter paper bridges and o plant growth regulators to obtain roots on seedling shoot
tips of E, bancroftii,

Shoot tips

Micropropagation of Eucalypius species is best achieved by inducing axiflary or
adventitious shoot proliferation on nodal explants from seediings [32.33,69], mature
trees {32,33,64,94,125], coppice {9,67,68] or mature shoots grafted onto seedling
rootstocks [15,42,451. Rooting is attempted once shoot growth has occurred.

Nodal explants usnally consist of stem segments 33 to 20 mm i length, 2 to 3 mm
in diameter, with one or {wo preformed buds (depending on the arrangemenis of the
leaves), the petiole, and a small portion of ieaf.

Various ferms are used in reports on shoot maltiplication and some confusion
exisls corncerning the nature of shoot proliferation. Two types of buds are present in
voung shoots. In the axii of the leaf there is a visible stalked bud, known as the naked
bud [74,114,118}, as well as one of more buds which are dormant and covered by
petiokar tissue. The dormant buds are referred to as accessory buds by Penfold and
Witlis { 114] and as concealed buds by Pryor [118]. The concealed buds [118] give
fise 1o secondary branching when the naked buds are damaged by fire or insects, As
1Be stem matures and thickens, the concealed bud tissues continge to grow as small
shafts of vascular tissue extending radially toward the stem surface. In older stems,
their presence can be detected as small depressions (“eyes™) on the stem surtace [74],
At this stage of development, they are calied provemtitious buds 74,114}, The
proventitious buds develop into epicormic shoots along the stem branches of older
trees, particularly after fire.

Multipte shoots produced in vitro could anise either from the development of
preformed buds (naked or concealed), or from the development of buds formed de
novo n culture (true adventitious buds). Both forms of bud development and growth
could iead to extensive branching by further axillary bud development.

In nodal cultures, new buds and shoots continue to arise in the axils of feaves and
new shoots, often without elongation, resuiting in dense clumps of buds [104, This
process is usually associated with the development of calius at the base of the
explant, where the explant is in contact with the medivm [16] In some cases,
mternodes elongate more and the result is more branches as the axillary buds grow
out ai each succeeding gencration of nodes [6(4,63.67 681

Various agar bused media have been used to stimulate shoot multiphication, usually
with a low auxin/cytokinin ratio. Hartney [68] successfully multiplied shoots of 12
Eucalyptus species on an agar based medium of half strength Murashige and Skoog
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[102] salts with 2% sucrose, NAA and BA. Liquid media were used 1o stimalate
axillary shoot proliferation from buds of 20-year-old E. citriedora trees {63} and
from nodes of mature £, fereticornis trees {94]. Recently MacRae and Vas Staden
[91] reported excellent shoot proliferation from axillary buds of E. grandis asing
gelrite instead of agar.

Multiplication rates depend on species, clone, explant source, and juvenility.
Hartney [681 achieved rapid multiplication rates for 12 Eucalyptas species with a
potential production of 100 million shoots from a single shoot within a yearn
E. marginaia seedling clones showed even higher multiplication rates 1],

Sheot cultures have potential for fong-term storage of selected lines, Hariney [67]
stored viable shoot cultures of E. camalduiensis and E. grandis on a simple medium
iy a domestic refrigerator for over 8 months. Franclet and Boulay [43] stored shoot
cultures of K. gunnii and E. dalrympleana in the cold for six months without affect-
ing their appearance or subsequent growth. Muralidharan et al, [ 1007 stored embry-
onic caltures of E. citricdora at 10 °C on B-5 medium [501 for more than 9 months
without subcuiture and without loss of embryogenic potential.

Virrification

Vitrification, also known as tissue waterlogging or hyperhydric transformation, is the
phenomenon whereby shoots become glassy and transparent, with swollen, brittle
leaves and stems {52}, Boulay [15] found that when vitnification occurred in shoot
maltiplication cultures, useally only a few buds were affected. If the affected cubure
was transferred to multiplication medium containing 15 g17! activated charcoal, then
the devejopment of normal buds was promoted. Alternatively, vitrified buds can be
excised from cultures at each passage and discarded. Boulay {16] noted that vitrified
shoots were difficult to multiply and almost impossible to root, and recommended
rapid subculturing as a possible solution to the problem. Durand-Cressweli et al. {421
recammended a reduction in oytokinin concentrations. This leads o a lower muiti-
plication rate, but brings about greater physiological stabifity in cultures.

Callus development on shooits

Eucalyptus shoot cultures frequently produce a white callus, which is sugary in
appearance, on leaf surfaces, stem nodes, and in the axils of leaves of E. dalrymple-
ana, E. delagatensis, E. ficifolia, E. grandis, E. regnans and E. gunnii [10,15,32,42].
This nodal callus begins its development from the abscission layers on the petiole
i42] and often deveiops into a mass that overtakes the axillary bud, causes leaf drop
and senescence and abscission of the apical shoot and axillary branches. Boulay {15}
recormended frequent subcultusing {every 15 days) to prevent this problem, Multi-
ple buds of E. regnans free of white sugary cailus on leaves were obtained by
excising affected leaves at each subculture and transferring the healthy shoots to
fresh medium {101,

Shoot elongation

Before rooting is attempted it is essential that the shoots first elongate. Gupta et al.
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{6d] transferred &, camaldulensis shoots to hquid medium and reduced the concen-
trations of Kin and BA from 0.2 and 0.5 mg 17" to 0.05 and 0.1 mg I” ! respectively.
A reduction in cytokinins brought about shoot elongation of £. rorelliana shoots
[64], whereas a fransfer from liguid to solid medinn achieved g similar effect with
E. tereticornis shoots 194].

Gibbereilic acid has been added to media to obtaia shoot elongation. Satisfactory
results were obtained for E. dalrympleana (1 mg 1773 [45], E. grandis (1 mg I™h)
1851, F. grandis and E. nitens (0.1 mg 1I"Y) 1481, Depommier [36], Franclet and
Boulay [45] and Furze and Cresswell [48) combined 15 g 17 activated charcoal with
(GAs 1o achieve shoot elengation,

Root inttiation

Root initiation of in virro shoots of Eucalypras is variable. Shoots obtained from
seedling explants generally root easily |66}, Hariney [68] obtained over 707 rooting
of seediing shoots in six out of eight species and less than 30% rooting for two
species, Eucalyptus marginata shoots originating from seedling shoots or from
coiyledonary calius both showed an average of 33% rooting, whereas the mean
rooting percentage for shoots from mature nedes was 5% [11]. The range of rooting
percentages for seedling clones was 5 1o 80%, whereas the range for adult ciones was
2 to 20%. Burger [19] achieved 4% rooting with adult tissues of £, sideroxylon and
1000% rooting from shoots derived from coppice explants.

Gongalves {54] found that the rootability of E. wophylla shoots obtained from
grafted scions was increased with each subcuitare. Gupta et al. 164) reported good
rooting ability of shoots from mature trees of F. wrelliana and E. camaldulensis
over six and 20 subcultores with rooging percentages of 30 and 70%, respectively,
Shoots of E. citriodora from 20-vear-old trees fatied to root until the fourth suboul-
ture, when a rooting percentage of 35 to 40% was achieved. Rooting percentages of
45 10 30% were achieved duzing subsequem passages [63]. The rooting percentage
of shoots from adult trees of E. rudis increased from around 20 to 100% from the
third to the sixth subculure 18], McComb and Bennett {93] found that an increase in
the rooting percentage of E. marginata shoots from mature explants took place only
after 12 to 15 months of culture.

Changes in season affect rooting of cuttings | 106} Durand-Cresswell and Nitsch
[43] found that there was a decline inrooting ability of E. grandis shoots after stock
plants had been maintained under constant conditions for long periods, Sudden
changes in light intensity, temperature, or day length stimulated rooting, Cresswell
and de Fossard {21] reporied that faster rooting of cuftings occurred after parent
plants of E. grandis had been given a series of short days, or had experienced a
change in nufritional stafus,

Root infiation media are often simpler than those used for shoot multiplication,
Esamples are White's [139] medium 194,125}, Knop's [83] medium [ 15,43,48], and
half strength Murashige and Skoog {102} medium [6,64,68,831. Solid and liquid
media have been used, although de Fossard and Bourne [32] reported that agar-based
media were superior to liquid media for both shoot development and root formation

GTOZ ‘82 AInr uo 159nb Aq /6io°seulnolp.oxosAydsa.y//:dny wouj papeojumod


http://treephys.oxfordjournals.org/

466 LERGUX AND VAN STADEN

in nodal cultures of E. ficifolia. Tndole butyric acid is most frequently included as the
root-inducing auxin, and is used most offen ar 4 concenmration of I mg 1=

Excessive callas formation at the base of shoots, absence of rooting, browning and
senescence of shoots can be minimized by placing cultures in the dark for an initial
period of 2 to 20 days {15,39]. High auxin concentrafions induce excessive calius
formation and senescence of shoots [15]. Naphthy! acetic acid and IBA concentra-
tions in the range of 0.5 10 2.0 mg 1! were tested on shoots of £, grandis. Fhe lower
concentrations of NAA resulted in litle or no callus formation but promoted rooting.
Indole acefic ackl at (A5 mg 7! gave 3 similar result {86].

De Fossard et al. {31] showed that shoots grown on media containing riboflavin
and incubated in a light intensity of 10 pmol m™? 5™ developed onc to three long
snhsurface reots with either no laterals, or very short laterals (Type I roots), Shoots
grown without riboflavin and incubated in 10 pumol m™* s ! or in darkness, developed
numerous short roots with many laterals, i.c., 3 more fibrous woot system {Type H
roots). Shoots grown on media with riboflavin and incubated in the dark were also
stimulated (o form Type il roots, Riboflavin acted as a photoreceptor in the reaction
leading to Type [ root development. i did notact directly on the explant, but changed
the medium, thereby causing Type 1 root development.

Indole-3-butyric acid alone resulted in Type I roots pius some calius on shoots of
E. ficifolia. On media without IBA, a Type I root system developed with only smatl
amounis of calles [56]. Riboflavin is able to photo-oxidize IAA [49] and IBA [37];
thus the effects of IBA on in vitro rooting of E. ficifolia shoots could be modified by
the inclusion of riboflavin and incubation in light.

Badia [9] showed that vitamin E ascted as an antioxidant against polyphenolic
compounds produced by E. rudis shoot cultures, and had 2 synergistic effect with
BA. Vitamin E increased the percentage ol shoots forming roots, speed of root
initiation, root elongation and shoot development. Boulay [15], however, reporied
that vitamin E had no effect on the elongation of axiliary buds in shoot cultures of
Eucalyptus,

in E. ficifolia, auxins with a phenolic oxygen between the aromatic ring and the
side chain (2.4-D; 2,4.5-T p-CPA; B-NOA) induced callus formation and poor root
development, whereas auxins without the phenolic oxygen (a-NAA; B-NAA; IBA;
1AA; IPropA: IPyrA} promoted good root development [57]. In cases where seedling
shoots of E. ficifolia produced teratomas instead of roots, trimming the base with a
scalpel and replanting on fresh rooting medium generally ressited in good root
development [101,

Serial rooting has been adopted for some clones and species, a technique that
usuaily mvolves a brief passage of shoots on a medium with auxing, followed by
iransfer to hormone-free medium  which often contains activated charcoal,
E. citriodora shoots derived from mature trees were pulsed in a liguid medium with
2 mg 17! NAA for 48 h before transfer to fresh, hormone-free, liquid [631 or agar
medium 94}, Gupta ¢t al. i64] treated shoots of E. camalidulensis with 10 mg i
each of IBA, TAA, NAA and 2iP for 72 h before transfer to hormone-ree liguid
medium with activated charcoal (2.5 g 11y, A simitar techaigue was used for shooss
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of E. grandis [125} and E. tereficornis [124].

An alternative sirategy to the establishment of rooted plantiets i vitro is to transfer
the shoots to pon-sterile conditions as soon as roo! primordia become visible [421
Rajbhandary [122] treated in vitro derived shoois of E. camaldulensis as conven-
tional cuttings, and rooted these directly in sand in non-sterile conditions. Leaves
touching the medium often initiate roots [15] which means that the lower leaves on
microcuttings need o be rimmed before nsertion inlo roof inittation medium.

Suspension cuitures

Sussex F1380) established friable callus from E. camaldulensis hypocotyls on White's
medium } 137} using 1 mg 177, 2.4-D and 15% coconut milk. He established suspen-
sion cultures from this callus i an agitated lipad medium with the same growth
regaulators as before. Nodufar aggregates formed from single cells in liquid culfure,
and these could be reestablished as friable callus cultures on agar mediom. Khanna
and Staba 1801 tried to prepare suspension cultures from calles of seedling tissues of
E. globulus on a modified Murashige and Skoog {102] medium, but reported poor
growth. They used [ mg ™! and 0.1 mg 17" 2,4-D for callus and suspension cultures
respectively,

Friable callus of E. gannil and an £, gunnii X E. dalrympleana hybrid were
established from leaves on Murashige and Skoog [102] medium with 2mg 17! 2,4-D
[132]. Suspension cultures were achieved in two steps on liguid Murashige and
Skoog | 102] medium or White's [ 137] mediam. Fhe first step involved subculturing
the suspensions for two months with 0.1 mg 1! BA plus 3 mg 17! 2 4-D on Murashige
and Skoog [102] medium or with 10% coconut milk and 3 mg 17 2,4-D on White's
medium [137). Following this step, suspension cuitures could be maintained on
media with 0.1 mg 1" BAand 1 5 mg 17} 2.4-D. Cell densities doubled within 3 days
on Murashige and Skoog [102] medium. Callus regeneration was achieved after
tzansfer of celis from the suspension to an agar-based medium.

Protoplast cultures

Suspension cultures have been mitiated fo provide protoplasts of F. grandis,
E. satigna and E. wrophyila [38,112,113,132]. Protopiasts, in contrast to comples
cells, showed variable resistance to low temperature and their viability was corre-
lated to the degree of frost-resistance of the donor tree. Cells plated onto solid
miediom prediferated o callus. Teulieres et al, 1132] supgest that this technigue
couid be used for the selection and propagation of frost resistant variants.

Protoplasis of £, grandis have been 1sclated and cultured from hypocotyls, coty-
ledons, hypocotyl-derived callus and cell suspensions, intemodes from young shoots
of adult frees, and from young leaves of in vitro grown shoots of adult trees
[11Z,113]. Cotyledons of E. citrivdora produced protoplasts, of which 80% were
viable, which were cultured on a hquid-on-agarose mediom or embedded in agarose,
in the dark at 27 °C [38].
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Plant regeneration from protoplasts of E. saligna derived from in vitro shoots, was
achieved by faciliating initia cell divisions by co-culture with protoplasts of Hibis-
cus cannabinus 1. (Kenaf) {76,791, Protoplasts have been used to facilitate plasnsid
gene transfers in E. saligna [19), and K. gunnif 1133).

Sematic embryogenesis

Muralidharan and Mascarenhas [161] reporied somatic embryogenesis using em-
bryos of E. citriodora on seraisolid agar based BS medium [50] with 3mg 1" NAA,
and sucrose at 50 mg 17!, Somatic embryos only developed on embryos that had been
soaked in sterile distitled water at 29 °C for 2 days before placement on medism.
When somatic embryos were transferred to the medium of Smith and McCown {129]
to which was added 0.5 mg 1! BA and 10% coconut milk, somatic embryogenesis
was sustained. Growth and development of isolated embryos was possible on
half-sirength Murashige and Skouvg [102) liguid medium without plant growth
regalators. Similar results were reponted by Muzralidharan ¢ al [100]. Enhanced
somatic embryogenesis was achieved by establishing an “embryogenic mass.” The
“embryogenic mass” cultures were maintained without loss or reduction of embryo-
genic competence for over 36 months on modified BS medium [S0] with 5 mg 17!
NAA. Casein hydrolysate (500 mg 17"} and glutamine (500 mg 17} were added to the
mediom and cultures were maintained in the dark. Embryo growth and development
accurred on fresh B5 medium without growth regulators and in the light,

Somatic embryogenesis was reported on calius derived from shoots of 4-year-old
trees of £. grandis on Murashige and Skoog 1102] medium with 0.1 mg 1 i NAA and
S5mg !l ' Kin [86]. Somatic embryos were also obtained by culturing friable calius in
liquid medium containing 1 mg 1"} each of BA, Kin, NAA and 2,4-D. Cultures were
grown in a 16-h photoperiod at 253 °C. Somatic embryogenesis and plant regeneration
has been reported from callus of seedlings of “E. X Hechow (which is thought to be
ahybrid of E. exserta or K. camaldulensis) {109,110 Boulay [17] achieved somatic
embryogenesis with hypocetyl and intemode calli derived from seedlings of
E. gunnii ontwo different media and a variety of hormone concentrations. Secondary
somatic embryogenesis was achieved by subculfuring embryogenie calll,

Qin Chang-Le and Kirby 1120] induced embryo-like structures in cultures of
hypocotyls, cotyledons, and young seedling leaves of E. borryoides. E. duannii,
E. grandis and E. rudis, as well as from young leaves of coltured shoots of superior
adult £, grandis clones. A seguential culture wechnique was ased with Murashige and
Skoog [102] salts and RV (reference not given) vitamins and amine acids as medium,
Slow growing green protuberances developed from cut surfaces of explants after
2 weeks in culture on a medium containing [.§ mg 17" 2,4-D. These developed into
adventitious shoots and embryo-like structures when transferred 1o medium with §.1
mg 1" BA, If red or white fast growing callus developed on the initial explants, no
shoots or embryo-like structures could be induced,
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Hardening and establishing regenerated planis

Varions procedures for hardening plants have been described. All are based on the
principle of gradually reducing the humidity around the plants and aliering plant
metabolism from partial dependence to full independence of an external carbohy-
drate source. The particular conditions reported in different papers probably reflect
the climatic conditions of the region, season and the facilities available.

Darand-Cresswell and Boudet [41], Francler and Boulay {45], and Boulay [15]
recommended transfer of plantless with or withowt agar (0 small unwoven bags
(Melfert Container) containing a mixture of 70% pine bark, 25% sphagnum peat, 5%
brown coal ash and 4 g dm™ Osmocote (slow release) fertilizer. Roots develop freely
in these containers withou! spiralling. The confainers were placed together on an
irrigation sheet in a greenhouse and a plastic sheet was placed over the containers o
maintain a safurated atmosphere for the first week or longer depending on season. A
survival rate of over 90% was obtained by this method and the in vigro derived plants
were indistinguishable from normal seedhings [45].

Poissonier et al. [117] kave shown that the acclimatization and survival of in vitro
plants, after transfer to the greenhouse, depends on the quality of the plants. Boulay
{16} states that maintenance of high relative humidity during the initial period is
preferable to mist and that during this period the roots should be stimulated more
than the shoots by heating the substrate. The young plantlets are often sensitive to
aftack by pathogens. Sprays with fungicides and insecticides are, therefore, recom-
mended [16,96,117]. Durand-Cresswell ¢f al. [42] recommended transfesring plants
0 the greenhouse as sooOn as root primordia appeared, whereas others established
rooted plants in vitro first 1£85,35,62,631 McComb and Bennett |96} noted that
E. citriodora, E. diversicolor, E. calophylia and E. carnabyi were easier to transfer
than E. marginata.

Conclusions and future prospects

Yegetative propagafion will play a significant roke in free improvement programs
with encalypts, the greatest demund being for inCreased biomass production by
fast-growing trees. The most serious obstacle to this goal is the loss of rooting ability
of cuttings with increasing age of donor trees. Fherefore, many commercially
important selections are difficult to propagate vegetatively at the stage at which the
sekection is made. In the past 10 vears, the selection and cloning of superior frees
from natural liybrids has had considerable impacy on biomass production, However,
the gene pool available for selection is restricted for commercial cloning by the
reguizement that at least 7(% of the cuttings must root.

In many instances the exient of rejuvenation through horticultural techaiques is
insufficient to permit commercial propagation by cuttings. The phenomena of juve-
nility, maturity and rejuvenation are still poorly understood [46,115]. Grattapaglia et
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al. £591 histed three key factors for successful large-scale propagation of Eucalypius
species:

1. The mtrinsic propagation potential of the clone;

2. "The level of juvenility of the initial explants; and

3. Strict observance of 2 maximum subcuiture period of four weeks.

The importance of selecting the appropriate explants of Encalyptus species for the
iniliation of fn vitro cultures should receive more affention | 17,47.931 Specific zones
within the complex architecture of the tree, for example, basat epicormic shoots and
the zones near floral and apical meristems [174, have juvenile characteristics or the
potential for rejuvenation. The combination of horticultural rejuvenation techniques
(for example, successive graflling of adult scions onto seedhing roostocks) and in
vitro rejuvenation techniques merits further investigation {115]. Franclet et ai. {47]
reported  the successful rejuvenation of over 200 adult clones of Seguoia
sempervirents (some ortets over 508-year-cokd) and believe that their multiple-tech-
nigue studies could serve as a model for the rejuvenation of other mature woody
species.

Epicormic shoots on branches of mature trees have been used Lo ipitiate repive-
nated cultares of E. grandis |74.131]. Repeated in vitre grafting of adult scions onto
seedting rootstocks has resulted in the rejuvenation of Sequofa and Citruy clones
{731 Grattapaglia et al. [59] successfully micropropagated seven kucalyptus species
using coppice shoots or graft-rejuvenated adult shoots as initial explants,

In virro tlechniques have been employed fo rejuvenate tissaes of mature Eucalypris
over the past 25 years, and there exisis the potential for mass production of selected
material. However, the techaiques are not yet sufficiently refined for commercial
application. A number of large-scale field trials with in vitro derived clones are in
progress [59,67 811 and it is expected that these will show whether commercial
application is possibie or not. Grattapaglia et al. [59] have planfed over 250 000
micropropagated plants, consisting of 12 clones, o field trials. Some of the
material will be used for commercial propagation by cuttings, and the remainder will
be harvested for chiarcoak

Field trials will establish the degree of somacional variation and other possible
post-in vitro effects such as earty maturation and changes in growth form, for
example, the development of plagiotropism. Trials, when allowed to proceed (o at
least haif-rotation age, witl provide reliable cost and profit comparisons between
horticultural and in virro propagated plantasions. The field trials will determine the
current potential of micropropagation techniques for commercial afforestation,

Cell, tissue and organ culture lechnigues may be used for the rapid establishment
of clonal and breeding seed orchards, particularly of trees which flower early, thus
hastening and facilitating breeding programs. Clonal hedges can be established
through micropropagation to provide shoot material for conventional propagation by
cuttings. The techaiques can alse be used for the #n vivo selection of celi lines
possessing sclecied propertics.

In vitro techniques are presently being applied 1o Eucafypruy 10 achieve genetic
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fransformations. These technigues are likely to play a vital role in future tree-im-
provement programs | 18,79,133,142].
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