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. -TJ—IE@F‘O? . This invention relates to new formul ations of culture media -
and” ‘applications of these for growh of plants and plant cells,
ti ssues and organs. This application has particular but not

-excl usive application to coniferous plants ahd to permtting growth and
nor nal devel opnent of thes lapnts in tissue culture illustrative
purposes reference wll %@ﬁﬁﬂ;o N§ OF &G Ii‘%%$g%£8£AHOV\BVGI’, it
is to be understood that this ANDSARBIGCADLIONS HEHE&%EDRn ot her

appl i cati ons, such as 'muls UWrerafiddich. s;t&]taadﬁe f®rnér hes rivh bat iopecoesculture
It has been

c r ds y e
.to clonall y mrﬂ tl y Vlgl ]11@1:[109-{ rou%_l Ln%%#oe?%%gggt [ 8?& p?ﬁngé aHa
somatic gﬁéﬁg‘)’e@s Bf plant cells may be useful in
ot her ways |ncI udi ng.‘higen@mlmtmn deret iparticwlar: ybuthretigaxclusive
sonmacl ond varapplitatiegenss a;tdxﬁrféﬁomé qﬂta&xﬁs anPred Opéﬁﬁiﬁtmgl gsowthl bnd

and intra- or d}t‘ﬁrg ;f“%ﬁ'?c r 0 neLh@a
nodi fied pl artli L %‘;é é c%vant ce or . %?eef%gﬁ%saug e S %gﬁ k
resi st ance tolaﬁs)‘ or u’iﬁ ?FF‘&E? ed’* Lfres é her

natural or ar talmlé-l%thfh-e pr dianevesy ofitpl Akl s 4o e@?r@ﬂd%ﬁ%ﬁ@@én%hathehls
rej uvenation dinvertiore tdeslées be t hesgdscite otherbrapplications;viabth as
seeds, Qrp t0 tchA tird Weaif églt UL fr SAlds pﬂn@rgﬁé‘éléé’r prOdUCt'O” of

pl ant secondary produc‘:l:tt er valua Ie extract.s

”
terms, tissue .culture ?ba %o ch°h° ur‘ehat ne%?’ﬁﬂ*’ #\hf%ﬁ fé‘lglture
ugual 1y  an mefhedsidanuthe é%ﬁefd%ﬂnpd'sq t§ alb‘ﬁ\ev@iltl-Pth‘éélBéEﬁef B&ARts
general | y t hatthimongipeci esiaraprppegatpieon ar emdlequasahgtiespoesbryogenesis
plant tissue- %ﬂddﬂﬁﬁ@ce%l%f@roﬁorﬁﬁﬁ ac‘:ef‘PsE" 'rﬁ%' B8, @8€£802"Bn other

e s SRl sl i Sl Bl

general |y di fﬁ%‘lﬂq nal JaF iAfs Lf splamks pfremp PSﬁFQPéﬁétsr
particularly me‘lﬂn&.ulqallilxhami sm:tmas-s xS Ira{:nrgauh,c hybridsforingi cEdthese,

fract lon of * ifeyegrRQitis seydricbiod1ly I asfPffed ' 6JUEAESCSErom  any such
. plant cells or structures, selection for resistance to any
Poor 20 imposed or otherwise incurred stress, whether natural or
artificial, the production of plants free from pathogens, the
rejuvenation of mature tissues, the rescue of embryos from
non-viable seeds, or to the culture of plant cells, calli, or
organs for production of plant secondary products or other

25 valuable extracts.
) In broad terms, tissue culture - is conducted in a
O culture medium which is’ usually an agqueous nutrient
composition. However, it has been found generally that few
species and genotypess are adequately responsive to plant
30 tissue-culture procedures for commercial application, and

some species are recognized as particularly recalcitrant.
The responses of many plant species are confined to specific

genotypes. - Coniferous plants are generally difficult, as
are many other woody plants, and pine plants are particularly
35 difficult. Where success is reported, this is limited to a

fraction of the genotypes desired, with response frequencies
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27 s;'within clonal populations (such ds [err] frequency, regeneratlon
. fr.equenci es generally) being relatively low with hi gh attition and/or sl ow
- growh charactéristics. . 1t has- been deternmined by the present that
.a.substantial reason for the failure of speci.es .and genot ypes hitherto

fccn5|dered to be |nherently recalcitrant .to tissue culture lies in-the

sel-ection of - formul ations of the nutrient nedia enployed, it being.

.det erni ned - that . 5 b-opt i mal .medi a_and the _resulting nutrient stresses S
inpopsed on t he~EOFturs To?ant SSERELAT BRRFrar (Seahse a8 facbuiag’ ecueiih:q
‘present i nvent FefeReRAtien Arequént teslefénéeall g Bém@e—an_aeﬁ ;any et Whe

‘medi a and to phngmdaetmﬂwcmha@@/@«:esf@dﬂ@p @tﬁnghg,@%bcggngtues ude. WIRD
the foregoing and ot hgg VI ew, IS 1 nven one" aspect

resides bg oadla/ nbataaa eous rr%rbl ‘tﬁﬁ?’fﬂ‘ip ntPYtFE%uePE%ﬁ?GFeaHHH—Cant that
‘i nel udi ng? Nhidd i F9389 @zf@m |f/aalsmcentspecnes afnd gefovtgtes

- nitrogen, wherkitheztal cmnsﬁdumbdrudrdéﬁ”*ndéﬁé&@ r@@ 1EPfeaﬁ@at g é;%%% 3
.wgesm-ed as g&h th?es d%é; % ?f;:é ? °+ea‘1'1h?:2%‘htrlent |
cnpound presen r‘h efcteﬁlqﬂ/e Jd‘rﬁ@ntiﬂaitorﬁlw-wtmal media
chel ati.ng agerft e. resmlé:mgamqtrztam: strassed imMpskedoni tHOUSNltured
i ncl udest@n amlrﬁfltsﬁzlarevatprlmdrﬁ)@alwe R el @sd y preferred to use
T o o S 0 0 T Bl e ncsen
my be enplq e pre%frq:r é‘g'r%éﬁr asdﬂdcé:%fplf@tﬁ&ﬁadnﬂi@fdﬂ@rﬁhl%re )
adyvant-ageous| fl%’éﬁal@y «@Mumn usle. f Wrth kHe t Edrdyjoind  and tdthér
-be| ng especi alqlaaqmt@ranmem whiils Zevent iFUR d@@é{:w?z& r.‘é?s:.%ies broadly

concent ridl i on iof adbAYuedus ﬁMd u of congéntrati
ammoni um i ons of | ess tth %l"l‘l‘f forn€§ tf%ﬁ' en%%”tﬁ&'&‘%’l% .
supply of reduced n|trog &5 @lybrﬁF PQQHXQM ﬁQWﬁ§§QQitH9ﬁIuﬂﬁ()qﬁﬁﬂﬁed
“reported as udEfFOIeR t WEergin §ﬁ1dnededutednuhawnmgehorrma;maesednq;%muﬂh
~particularly that luSe mwiNER* ; coni f er ous plants Organi sed growt h of :
enbryos has been rep@r bedshhbRg
medi a |Q&prpogaglﬂg [V gEﬂ%n or § ozomgoggﬁigtfgrﬁgnggntratlon of at least
& chelating agent, and. _ )
_ - an iron compound present in ‘molar excess over the_'
concentration of said chelating agent. '
s Preferably, the source of reduced nltrogen anludes
y an amino acid, with it being partlcularly preferred to use
-arginine as ‘the predominant form of reduced nitrogen. Of
o course, combinations of amino acids and other forms of
A reduced nitrogen may be employed. The preferred arginine
: ‘0 source of reduced nitrogen is advantageously employed in an-
amount of from- 1.0 ‘'to 5.0 mM, with it being especially
preferred to utilize an amount resulting in a concentration
of about 2.5 mM. R
The use of concentratlons of ammonium - ions of- less
5. tgan 1.5 mM in media for plant growth combined with a supply
+ of reduced nltrcgen 'in the form of arginine has not hitherto
- been reported as useful in the art of media formulation for

-organized growth, - ‘particularly for use with coniferous ..

plants. Organised growth of embryos has been reported using
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F AV I 1T/ UUY () 9
ni’t.r ogen, * but in these nedia ammoni umions have been supplied at relatively
- hi.gh - ‘concentrations of at least 2.0 nM It has becone apparent that nedia
i n”accordance with the present invention are advantageous since use of
_ ed amoni-umion concentrations tend tg inhibit normal root
devgl opment and detract from opti nal shoot gr owt h. Preferably, the

t4ier I
Zuer of pot 3’@%33%? %*‘EB@B?R%%EQT% et e‘r’?’e’-‘d”?o i ?léﬁﬁﬁgggﬁiggﬁg’ﬂ o
a

of potaSS|un1?b ko 8§FOMPE SRR YH
an .inhibitorgt selatdiveiynhhdgh W&@wmuqﬁﬂfon%eﬁtr%& BWvel SHrBAS
in tissue cul betemesappadentr ehatedediar dropragsgaidamre of whthnt $heopresent

trarsglagtat:gﬁven ion Bbqa%ahQa %%%ﬂ%@ﬁ%éﬂﬁé%téffé&é$§9éd'8ﬁﬁ6hhﬁm ion

include a relatlve ph cont en at lea

nmeasured as phBep ﬁﬁ £g?“ﬁa&?ﬁ& Gge d&ﬁﬁ ?é%% %%Xé%??ﬁyhongnd

in nmedia in a@%brdahcﬁrﬂmtﬁPFh@aéréggﬂt|9ﬁR¥ﬁh0n prOV|des for good root

devel opnent in tissuePrefeirabdy,sphe mugiia 1nF&Gﬂard&mqe wibk theoppesens

concent rat i on; #58aieH 3acRlasPEA-R 1t ively 2 %ﬁﬁbo&f Déoeasyhum ions,
t fronlB

Prefera , | agent se ene

Tetra- a£ tic lﬁgl dt (E%*ﬂ% gﬁ% ff-?cdg’cﬂ vé‘ltr’v]e’é Widr € p.ga &PB. &4
as the chel atpoataagéum, iansi bedowoléhalht e r it o hs 1. been h@@ﬁ@FmF§ed that
preferred w tBhekebeiigg part iianidityry efefferst tof Hidh zbewalsrof potassium

chelate ratioyghg QHOEBS% aeveQE EﬁiﬁrgiéggﬂiaqFf&¥é§ Qhch O8st Are used

chelate will yar in l'ate s concentrations
of ot her tran%Pt%bﬁrBEFQPagaﬁ§°ﬁrQgé QQ$§fé; E PRr, it has

been del®rmined that Meddadi Ag prﬂﬂﬂqﬂdinﬂg/txiﬁhnuﬁh¢n Eéﬂé?ﬁﬁctﬁﬁgeﬁﬁépé
where the irobnclthdeate retatthvedly ormghs ﬂthCpkamtmsc conhentr def at

to n?”hDF'?tel E ZCQ“@MEﬁfa %Wédt (fﬁﬂé%b WH¢ £5g bben determlneF
avai l abi | i nt neta N I"um

availabi i1y ob gl vl §P SOREERCERS Long ( 11 PG i e SEabhie {herhoia
of the nmedi unPpeERPBEabERVEALAQD; ngﬂﬂyhiﬂﬁ] far 79 t oradh [@?Y? PReRfE 4
t he rquOrenEﬁtssue culture specimens. Preferamly;hathehephpsphorus
al ways be in ghabeRk2aREbNC meX %%&%GPV%%;?HHéBH%ﬂ & t{e FRghum 5Phef ebalbyut

t he st0|ch|on§th|c excess of Iron over cC te is at least 20 [err] M

The nmedi a may~i cMae any of the additional nutrients and/or addltlvea £
commonly utilized in §referakdd a, thel shedpting agent is selecte rom .
Ethylene Diamine Tetra-acetic Acid (EDTA) and its

- 25 derivatives. Where EDTA is selected as the chelating agent,
an iron-to-chelate ratio of 1.2 or higher is preferred with
it being particularly preferred to utilize an iron to chelate
ratio of about 1.5. Of course the optimum ratio of iron to
chelate will vary depending on the chelate selected and the

30 concentrations of other transition metal ions present in the
medium. In general, it has been determined that a guiding
principle may be found in constructing media where the iron-
chelate combination is non-stoichiometric in qrder to
manipulate the complex equilibrium which regulates the

35 availability of divalent metals in the medium.

Preferably, the total iron of the medium is between
120 pM and 180 pM, with the total EDTA of the medium preferably
being in the range of 70 pM to 130 pM, within the requirement
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'hOLnDnes,‘anrno acids, vitanins, other ninerals, pH buffers and the like.
Hoveder, it is preferred t hat the sum of the total concentrations of the .
transition netals zn, Cu, Ni and Co, not exceed the total level of chelate -

in the nedia. Preferably, the nedia are. sel ected fronrconposrtlons'

i n accordance W th'the follomnng paraneters 4throelerrents (M. . :

Range. - - “§6§ - .- 5-14- My

05.15 . Gt the iron a-ways oe in stozchlomng4q5excess OW@; cnelate_
'0.25-0.75 - - in the medium. - _ 0.5-1.5 - : '
NJerr]. eferably, ehe stc‘cﬁ*éﬁetrlc exc@gkebﬁlhron over chelate is .
2.5-5 . EEt 1.5- 3 5 a

0.025-2.5 : |n|ne : 5 M croel enent s
([err]N@-s E Fe The med-a mnay include any of tgggagg@tlonal nutyients
'80-130°  apd/or additives commonly utilized ihOg4@wth medialh including
g-éog - G4 rmones, amino acids, vitamins, Eg@r mlneralghgéa buffers
130- 100 g@gofhe like. However, it is prefergeBS §hat the eg@ the

0.5-6.0 V'tanrﬁ@ta&dceéﬁsaﬁyéﬁaeee (@§/ the transitipssmesrls 2n, Cu, Ni and
50- 1000 10 - Cohi ootti eixceAdi the total level of chelaBe0ifi the media.

EYEigogihe -~ - Preferably, theOmfdiQ dre selec ggog%bﬁ?compOSLtlons |
The invention mnl?gg QPSP 1&BsEPFb£81&PYﬁ“9rBFEPEEEErFo t he follomnng
" Exanpl e:. NgEErHE&P8§F§§E (H“O .~ - Rapge..
' ; ’ . . C 5-14
NQFZ 15 Mg '0.5-1.5
- "Ca 2-4.5
Na 0.25-0.75
. NH, 0.5-1.5
. No, 8-16
20 - - PO, .2.5-5
- . S0, 1.5-3.5
- Ccl o . 0.025-2.5
Arginine . '2.0-3.5

Mic:oelements'(pn)

.25 " Fe g - 120-180
g EDTA : ' : L - 80-130
o zn | - 10-40
_ K 7 wn ' . 5-100
T - i
0 T - | 0-0.3
. o =C°. . -~ 0-0.3
._H3BO3 30-100
Moo, R .- 0.05-0.2
- . r - a ~ 0.5-6.0
'35 Vitamins and. Carbohydra es (mg/l) o
o Inositol | ' - 50-1000

© Nicotinic Acid | _" 0.3-0.8
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5-° - NHerr] - - 1.0 .-
- PO[err] L . 4
2.5 C1 : R o 0.1
3.0 Mcroelerrents ([errt™. Fe 5 .
~EDTA. . . - 100 Zn’
20 - M = yrxdcx-ne S 10
s . N| - o '“hlam:l.n . - 0 1 :
i :'|[ err] B eudrose = 60
ng/l) o In05|tc)he ~ invention . |
go 5 5ucrfé¥BHéEEt° the &ollowlng uxanggﬁ%n
Tin accordanceﬁmgﬂpﬂémaabove enbodi ment
general purpo di um.for

proving effic 4 equﬁn e

i nclude cell - cuItureK(xﬂIus cul ture,
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‘radi ata cul ture processes,
range of genot ypes.
pr ot opl ast c@ture,

: :hKIerr}
SJerr] -
. Arginine . .
': ' 150
€y 0.05-0.3
CD-O.B-O.S y
MG £5dd-55000

SERCTRTO RS e A

Thi am ne
A conposition

"is suitable for use as a

t he. nedlum
These. processes
-shoot cul ture,

.root culture, nerist erng:ul ture,. micropropagation, enpryo rescue,
enbryogqﬂfsis or gan nest.s, regeneration; trang;ornationfprocedures7
. and any related mat-ho%?i3 L _ 0.5 S )
.~ NH, . 1.0 - 5
A2 ~ NO, 11
o _ PO, 4
15 80, 2.5
~ Arginine 3.0
Microelements (uM) }
S - Fe . 150
20 - " EDTA 100
| o 20
Mn - 10
Cu 5.
- N 0.1
.25 | Co 0.1
- : ' H;BO, 60
A~ MoO, 0.1
- I 2.0
thamzns and Carbohydrates (mg/l) o
30 . . Inositol 100
- . Nicotinic Acid - 0. 50
Pyridoxine. 0.1
- Thiahine 0.5
Sucrose 30000
- 35 A composition in accordance with the above embodiment

somatic



) The present nedlun1mas assessed through neasurenent . of growth of P.
radiata enbryos in-vitro conpared wth known. -benchmark nedi'a, namely, ferll
(C?eshoff and Doy, 1972), LP Mdified (von Arnold ~and Eriksson,
1981), and the LP Mdified-like fornmulation- VS. (NUrashlge and Skoog,_

'1962).  Enbrye guewhBlaf teeir Zﬁséiaae af geHbEHL € pakp asheerdlcxmelmmaor

followi ng conparative results:- : ornulatlon Growt h i ndex
by wt.) BPrea&mht30tﬁﬂk&&e0®rocesses, the Tnddium éibvxng efficacious
0.32 . LP Mdified. ©0.48 . M-

0. 48 - £6poa diidecchinge &f igesiotyiesas; 'BHesuaSpﬁbﬁessamerh@deamell

" ‘average that the inprovenent.- in.growth was primarily directed to root ..

~devel opnent, cubtube accallusd dullttwmut prdLépbist ebaltuseveisiinotyatwlture,
The descr.i bed enbodi nent i.s a-single nedium formulation which provides-
- the approprtadt cultureaj mendstemnscﬁltureym(huorngﬁnm#9¢%%®%nse%mbrYO

- This mediumw Il -all ow opti mal" near optimal growth of both shoot and - .

root aplcesreaodeW|HomahxnnemgrpogeneélﬂisGﬂg@ﬂpggaaaﬂﬂnuF%ﬂeneratl°nr '
cell cultures, to a noderate nmass, at near-nmaxinumrates. |t

' transformatron procedures, and any related methods.

The present medium was assessed through measurement_
Of.growth of P;-radlata-emhryos in v1tro compared with known f

gl benehmark;-media, namely, GD (Greshoff and Doy, 1972), ﬁ? -

- 'Modified' (von' Arnold and Erlksson, 1981), and the tE -
. Modified-like formulatlon MS (Murashlge -and Skoog, 1962).
. Embryo’ growth after 28 days of culture at - 25°C ylelded the
lhfollowrng comparatlve results:- o -
lS | '.-_' ‘Formulation - d; Groﬁth index.(bz wt. )
Present formulation o —_— 'dl.O N |
@ - 0.3
LP Modified 0 ous
MS '048
&~) -ZQ o }_ ﬁpon dlssectlon of the embryos, lt was determlned as

an’~ average - that the lmprovement in growth was prlmarlly
dlrected to root development, wh;ch accounted_for about 75%
of.relatiVe'weight gain, | | _
_.The descrlbed embodiment is a single. medium -
- 25 : formulation whlch prov1des -the apprOpriate 'nutrient;..
_ cond;txons for a wide range of responses. This medium will.
allow optrmal or. near Optlmal growth of both'shoof and root
apices, and wrll support growth of drsorganlsed callus or

Sheet Has Been Replaced
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' |s ‘herefore particularly useful for wuse in ‘supporting Heal'thy

deve1 opnent al

growt h such as .in shoot devel oprrent_, - root devel opment, and -

.errbryogene5| s, provided appropriate -hornbnes, as wel'l as appropriate
;phyS|caI condltlons and ‘choice of tissue explant ~are enpl,oyed in o
conj unct i on wWalh cuEures,i &ot anmeREFAtRh@aseNpaSi PSR - F3CgS - w®.
'av0|d|ng stress- |nduced devel opnent al. aberrations, and stress- i nduce
genetic vari d3 oifheretore pactiGpasiyi onsaityd h§§rusé‘s§s FhaSSRRPEH u8’an

" be - nodified

in ph Si and, ot her studies of nutrien rene

| .
~wher e r espongt@aly g%‘é i‘ggm?ﬁ%ﬂ eAFSWERn $Heh oB?allﬁ’edsV\??ﬁor&[e% r}gﬁﬂeﬁ‘%g '

ot her grow h-

| t t t dit ' dj B
sui tabl-e forrciﬁnfstl rég'ﬁg‘??ipr@é%gof g(ﬁj m?fégﬁa%gﬂ%ﬁ%' tﬁ%"r‘r’%tdselglpsle%\ﬂ\é %%%é'l’ﬁe .

plant dered 1p be within th of
Prvent o, - hocordd.”, A% “Gel €0 i CoppPoriaca PRes aht SfEons and

medi um f or nmul

o h f I f. th | I
" such and ot hestqm' i 1 9Ea -el%%g  RRRARA S | BRE em%‘%gt 3 Son bALeLh o !
to pers_o_r_ls ski,l 'ergu&{-‘;.é -

and anbit of

A0 R o] © RS Ednb 8L L 8L n%hugetfﬁgeg dysiohtg

_ P&ifi8 appen ere
stress-induced developmen_tal aberrations, and _stress-:.nc_iuced '

' genetJ.c varJ.atJ.on

The composltlon also has use as a base wh.Lch can be

modeJ.ed in phys:.ologlcal and other studJ.es of nutr:.ent. o

| requlrements where responses ‘to spec:LfJ.c nutr:.ents can ‘be

obta:.ned w:.thout incurring other growth-lmu.t.mg nutr:.ent.
condz.t;.ons._' S

- The medium : is very suitable for. _n__iost- _species_ of

coniferous plants, but its’ use with any plant 'species is -

| consxdered to be within the scope of the present :.nvent:.on

It WJ.ll of course be realised that th.le the above

‘medium formulatlon has been gJ.ven by way of example of th.\.s

10

"~
15.
- 20

J.nventlon,. all -such and other modJ.fJ.catJ.ons -and -var:.at:..ons

_thereto as would be apparent to persons skilled in the art

'_are deemed to fall w:.th.m the broad scope and amb:.t of this

lnventz.on as def:.ned in the claims appended hereto.

-
. -
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10, - . A" aqueous nedium for pl ant tissue cutture and inc{uding;¥
-a, nutrltlvely fective concentration of reduced nitrogen, wherein

said reduced n I uultﬂ"not nore that 1.5 nMNHerr]; . 'a
‘phosphoar us co tration of atg least 2.5 mM measured as
phosphat e; | a chelatlng agent, and- - an iron conpound present
“in nolar.excess over the .concentration qfassisd chel ati ng agent. 2.

~ An aqueous nedlun1accord|ng to Caim 1, wherein said source of reduced
nitrogen inclddes an W n@QEC®s r@dium Av e gaQist @Beeuelaeﬁgﬁdteg %

Claim2, wherein said amno acid is arginine enployed in an anmpount of rom

1.0 to 5.0 muncluding: =~ An aqueous nedium according to any one

" the precedlng Clalns wher ein the concentration of potassiumions |s- .
bel ow 14 mM . an DUEFiEG e L e @EFRCtddeor dlanFentration  ofie reducéde

Banmne ret ?bﬁmaﬁﬂek&%@e@eﬁ%ﬂ%S%adﬁergddgixaﬁq%‘iné%%?s Eéﬂy:'niﬂi
|  that 1.5 mM NH,*; | |
a phosphorus eompound'at:a‘eoncehtratibn"ef at.least.
2.5 mM meaSu:ed'as pﬁéSphate;_' | - |
'a'Chelating-sgent;_and ' S .
'_K,/'__ _ | an'.iron' compound p:esent ;n'molar.excess,dver-the'

‘concentration of said-chelating. agent.

2. An aqﬁeous'medium accotding to Claim 1, wherein said -
source of reduced nitrogen includes an amino acid.
i 3; Aniaquecus medium accofding'td Claim 2, wherein said
~ amino acid is arginine employed in an amount of from 1.0 to

5.0 mM.

4., . An 'aqueoﬁs_ medium - according to any one of the

'preceding Claiﬁs, wherein the concentration of potassium ions
is below 14 mM. | | |
5. An  aqueous’ medium aceordihg' to any one of the’
Preceding Claims, wherein said chelating agent is selected

‘from Ethylene Diamine Tetra-acetic Acid (EDTA) and its’

derivatives.

Sheet Has Been Replaced
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9 6.°.> An aqueous nediumaccording to claim 5, wherein an

‘iron-to-chelate stoichionetric ratio of at |east 7.
aqueous nedi um according to Claim 6, vvherel g“ﬂ"lmg‘] @ “of the
diumis between 120 [err]Mand 180 [err] A of the

nedlun1be|ng in the range of 70 [err]Mto 130 [err]Nl and wherein the

stoi chionetrigc excessz}rpfad\{ vq{eé{%ag in&t éaéﬁ.azﬂ [§”M{Ere1n &n

An aqueous Thedium ure I ncl udi'ng: -
g?gzoelenentaé&?gto -chelate st01chlom§@PﬂE 0. Eafie of at deast 1.2 is
2-4.5 em 4. : o 25-0.75 - NH err]
0.5-1.5 err] 8-16 PO err]
2.5-5 SO err] 1.5-3.5 C1
0.025-2.5 Arginine - 2.0-3.5 -
7. An aqueous medium according to Claim 6, wherein the
total iron of the medium is between }20 uM and 180 uM, with the
; total EDTA of the medium being in the range of 70 uM to 130 uM,
.; ‘and wherein the stoichiometric excess.of iron over chelate is
{ at least 20 pM. T
in/ . - . _
'! : 8. - An aqueous medium. for plant tissue cplture and
' | including:-
Macroelements (mM) . Range
K : 5-14
Mg . | 0.5-1.5
ca | 2-4.5 .
Na | 0.25-0.75
NH, 0.5-1.5
W NO, 8-16
- PO, ' 2.5-5
SO, ' _ 1.5-3.5
cl 0.025-2.5
Arginine 2.0~-3.5

Microelements (uM)

Fe _ : 120-180
EDTA 80-130
zn | 10-40
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"nAcroelenEnts ([errlm Fe | - " 120- 180

. EDTA" ﬁﬁ-fii _ Zn _

:0-40 .. -~ .10 P Vh .
] w4 .
0?&,3}" o . 19 0-0.3 . " Herr]Bgerr]
30-100 . - NbC{er&é - 0.05-0.2 I S

- 0.5-6.0 Vi tam ns and rbohydrates (ng/l) kR gigt ol '

- 50-1000 - - . 'Necotinhic Acid _ '0.3-0.8 _ Pyri doxi ne
0.05-0.3 . Thi anfne . o - 0.31688 - - Sucrose
25000- 55000. 9. gqueous media for plant tissue culture substantially
as- hereinbefore defined Lwith reference to the Exanple =~0.3 o o

| G 0-0.3
#80, - . 30-100
MQO4 f. o o d 0.05,0;2 _.

I - ' -_ ' ' L 'Q;Sfé.O
-eVitamlns and Carbohydrates (mg/l) ' |

: -InOSltol o . : .5641000 .
_/ | o ST
_ Nicotinic Acid ' -0.3-0.8
Pyridoxine . ._O 0540'3
Thiamine . © 0.3-0.8"
.._Sucrose : 1 L 25000 55000
:9-' : Aqueous media for plant trssue culture substantrally '
as herelnbefore deflned w1th reference to the Example-
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