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Abstract
d method $as dereloped b sel..t and pr)r)asrt. merrlordoam lines that producc srrrls rvith hish oil contenr. Seeds ol a hadow
f(,ar hlhri(l (/.,audutl,"s sp., ORL 85-765) $oc bisqLrd so lhar a pofion ofthe seed (,ulrl b,, anllv,ed for oil conteDt. 1h.
remairder ol thc srrrl ras Lhi:n germnrated. Higher ge.mi.ation .at,.s and more uniform plants uere oblain(!l Irom seeds cu rans
rerselr than fnr sotls .uL k,ngitu,lin!U\'. Half seeds were storcd lrozcn ior 25 davs {ithout deoe$e ;, liab;liL!. Srer;le planrs
ivere established bl culture ol sho,n nrcrjnems hken from gree$ouse,grovn planLs. Pluls in sterile culntre rere chred by micropropa

salion. This method ,,f s.l..rio, ;s mo.c specific to genot\pe thaD santling s.( s lrom a population. aDd is.asi.r Lhan seleclion
liom tissue cuhrre- brlausc Lhe hallseed method does Dot reorir{i sLoilc rcchnioue.

Introduction

\'leadorvfoam (Lirnnaathes sp.) is a short-livecl an-
nual rvith potential as;r ne\r oil seed crop (Jolliif
198I. Reed 1991, Southworth and Krviatkorvski
199I). Agronomists aro \{orking to increase oi l
vield by improvcd cultivation methods and by
selection of seeds ilith high oil content for use as
parents (Jol l i f f  1981). Analysis of individual secds
lbr oil content in thc search for superior oil
producc$ rcquires sacrilice of a portion ofthe seed
for analysis. l fhat is needed is the abi l i ty to iden-
t i ly oi l-r ich seeds and then to gerrninate thcm. If
a pofl ;on of thc seed could he analvzed and thc
rcmainder slored and later cloned, selection olhigh
oil-producing palents would be greatly simplified.
A hnlf-sccd technique has been used for analvsis
. r nd . r rh - " , l u "n t  ! - rm in r l i un  i n . r ch  eene ra  c .  C r -
curbita (Cathman and Bemis 19Bl ) and Bnzssica
(Pleins and Friedt 1989). This inr 'est igation ad-
dresses the leasibility ofbisected seed storage. ger-
mination and clonal propagation of meado$'foam.

Methods and Materials

Seeds ol LimnonLher sp. scccl line ORL 85-761')
selectcd from hvbrids of L, Jktcosa ssp. 6,randiflora
Arroyo X L. alba Hartw. in Benth. were obtaincd
liom Dr'. Carv Jollif{, Depatment of Crop Science,
Orcgun  S t r t e  I  n i r e r - i t r .  q  l ' l r n l  \ J r i ,  r )  p ro tec l i on
application is pcnding.

B section of Seeds

Establishmcnt of meadorvlbam plants was com-
pared lor the lollo$,ing teatments: (a) whole seeds;
(b) longitudinall_v bisectcd drv sceds; (c) longitu-

dinally bisected seeds that had been pre-imbibed
at 10"C before biscction; (d) transversely biscctcd
dry seeds: and (e) transverselv biseeted drv seeds
which were stored at - l , loC for 25 d fol lorving
bisection. For treatments (a)-(d). 30 sccds t'ere cut
and  d i r i , l " d  i n t , '  t h r ,  c  l ' e t r i  J i - he .  t n r  Se rm ina -
tion. For frozen storage, iJ2 secds rrere cut, stored
fiozen, and dividcd into four dishes for germi
nation.

Rcsults were analyzed by a chi-squarc contin
gency table to dotcrmine the significance of clcvi-
r t i on .  f r om th .  pou l cd  p - t imJ tc  o f  ge rm inc t i un
(Samuels I9B9).

"Seed coats" in Li.mnanthes consist of a testd-
pericarp tith the fruit wall adherirg to seed coat
and cmbr-yo in both dry and imbibed conditions.
I n  I r e l i r n i nan  r \ l ' F r im '  n l s .  t he  l e . t a - f e r i c r r l '  r . : r -
chipped off with a scalpcl. but this process *as
laborious and potentially darnaging to the embryo.
W. pr., ,  "c,J"d rvi lhoul remorins Ihr t ,  sl l -pericrrf .
Seeds rvere sliced longitudinally or transvcmelv
th rough  the  , . n t c r  b r  ho l t l i ng  t hem r , i t h  ,  un , . r l
Ibrceps on a hard surface, and slicing with a nurn-
ber l0 bladc f i t ted scalpel.  Longitudinal cuts, (b)
and (c), rvere made through the long axis of thc
secd. The position of the cotylcdons in relation to
tho lonEiitudinal cut was nol dctermincd. as no ob-
r.ious cxternal marks on the seed indicated cotvle-
, l nn  1 ' , s i t i , , n .  Sum"  l ong i t uJ i r r a l cu r .  - cn . r r r t o t l  t he
cotyledons; othcrs cut both cotyledons Jengthwisc.
l rcquently the embryonic axis (raclicle-hypocotyl-
epicot;-l) was cut. 

'fransverse 
cuts, (d) and (e), rvcrc

made across the seed. halfi.a,v betlr'een the basal
att{chment scar and the seed tip. This cut olf the
clistal portion of both cotvledons. but did not cut
the cmbnonic axis.
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For the pre-irnbibition trealment, seeds n'ere
hydrated on filter paper moistencd r,,,ith distilled
$ater at l0 o(l  in the dark for,10 h prior ro bisec-
t ion. ! 'or l iozen storagc at -1,1oC. seeds t 'ere
transversely bisccted. placed in a 96-rvell pol,vstv-
rene microt i tre plate and scaled t i th palaf i lm.

Seed Germ nation

Secds liom all treatmcnts t'ere imbibed on moist
lilter paper in scaled Petri dishes at l0oC in dark-
ness for 9 d. alier which the,v t'ere planted in flats
ofsoil by placing the emcrging radicle, whcn pres-
ent, in the downt'ard position, and barely cover-
ing the seeds $i lh pott ing soi l .  SLeri le tcchnique
1las nol uscd as a test o[ the ut i l i tv of the method
to growers. Flats *erc placed in a greenhouse un-
der a l0-I I  h photoperiod in Octobcr and Norem-
ber in Ashland. OR, witb tempcratures ol 22oC
day and 15o(i night, and u'atered dai lv. No fer-
tilizer was applied.

Afier 12 d in the greenhousc. plants were
counted as establ ishecl i f  one or more lruc lcaves
had forrned. Rcsults tere analyzed by a chi-square
contingcncv table with thc expected rate of plant
rstablishmenl determined lrorn the pooled es-
t imnte.

lvleristem Cu ture

After an addit ional28 d in thc greenhouse, when
plants were matLlr ing, but not f lowering, apical
merislerns i{erc aseptically exciscd and cultured
on a l iquid medium consist ing of MS sahs, vi ta-
mins (Nitsch and Nitsch 1969). indoleactt ic acid
(lAA. 0.1 rng/1.1, gibberel l ie acid (GA. 0.2 mg,4).
kinetin (0.04 mg,4). and sucrose (30 g,4). Thc pH
'iras adjusrcd to 5.6 $irh NaOH. Medium was dis-
pcnsed, 10 ml pel tubc, into 20 r 150 mm cuf
ture tubes with polypropvlene caps and autodaved
[or ' ]2 min at 110"C (Brorvn and Kniatkonski
l9BB). Afier l0 d culture on l iqLrid media.
meistems rvcre subcultured to semi-solid meclia
containing carbenicillin (250 mg/l) for control of
a  Jo r ' - g ro r r  i ng  hac t c r i a l  , un tnm inan l .

Cvtokinins lvere tested 1tl dctcrmine which best
promoted shoot rnultiplication. The tcst material
consisted of shoot clumps of I. arlro var !'oamore
derived lrom somatic embrvos grown on the abovc
MS medium without plant grorvth regulators, ex-
cept trans-zcatin (0.2 mg,4) and r.ith agar (6 g,4)
(Southworth and Kwiatkowsi 1991). Lndcr a lami-
nar flow hood, clumps werc dissected to singlc

shoots and translerred, three shoors per 25O-ml
f l ask ,  t o  t hc  same  rned ium con ta in i ng
\o-bcnzyladenine (BA), trans-zeatin. kinetin, or
N6-(A'?-isopenten,vl)-adeninc (2iP). all at concen-
tdtions ol I mg/l. Flasks were placed in the grorvth
chamber under 8-h d (19 pEm-'?s-r) and
lBoC/1 2 oC day/night temperature regime. Alter
43 d whcn shoot clumps \r.cre mature and scnes-
cence was bcginning, clumps wcre dissected to
coLrnt thc number of shoots.

Data were subjccted to one-rvav analvsis of var-
iance (ANOVA) to tesl whether sample means rrerc
drar.n from populations rvith the same mean
(Samuels l9B9).

Planl matc al from one llask ofeach treatment
was subcultured to semi-solid (6 g,4 agar) modi-
fied MS media containing IAA, GA, and kinetin,
as above (llrorrn and Kwiatkot'ski t9BB). for rcot-
ing and then transplanted to soil in the greenhouse.

For shoot multiplir:ation, plants derived from
meristem culturc o{ ZimntLnthet sp. (ORL 85-765)
were placed on 50 ml semi-solid MS media con-
taining trans-zcatin (I mg/l) and carbenicillin in
250 rnl flasks plugged with cotton. Flasks were
placcd in the grorvth chamber a-s abovc.

Results

All trcatments yielded high germinat,o,r percen-
tages (Tablc 1). After incubation of seeds for 8 d,
radiclc emergence was lcast for longitudinallv bi-
. ec ted  d ry  s . . d .  i n  \ . h i . h  73  p , r , e r r t  o f . e -d .
produced radicles. In all othcr treatments, at lcast
97 pcrcent of seeds produced radicles. Based on
chi-square analysis, germination percentages
diffcrcd sippilicantly from the pooled estimate of
germination which rvas 0.93.

'Ihe 
manner of cutting aflectcd plant growth.

The number of plants cstabl ished in the grcen-
house afier B d incubation at lOoC and 12 d in
the greenhouse was greatest for lransversely bi-
-er-t .d dn .eed" of uhi,  h l0O lcrcenl tu\,  r i-e
to plants. Plant establishment lvas least for pr-e-
irnbibcd, longitudinally bisected seecls in t'hich 77
percent o[ thc seeds,vielcled plants (Table l) .  Oi
transvcrsely bisected frozen seeds, 97 percent
formed plants. In some dry seeds, crrtylcdons shat-
tered or crackcd when bisected while pre-imbibccl
seeds did not shatter or- crack. but cut smoothtv.
Hot'ever, a larger fraction o[ sccds that &ere cut
dry gave se lrt plants (Table 1). Some sceds with
emergenl radicles afier the cold treatment failed
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TIBLIi L Fllii.ct ol drts or radntc crnergence and estubllsh

tu i rn  o l  P la r ts .

TABLE 2. -qhoot n ltipli.ation in response lo crt,)l'ir;N ;i L

al6a rar. Foan,ore.

Radicles' Clun,p '

(vtokin in 1 l  nrs/ l )

lnibibe, longi bisect

Trans  b ise . t .  I r r t z r :

7t:Urin

K in( l in

\6i,\r-isog:rrtrrrlladenine

2 9 t 2 8 2
2 2 a 2 6 4
3 0 0 2 3 t -
29 1 30 0
3 1  I  3 t  I

9 . 8
6 . 7
6 . 7
1 . 0

0.9
0.4
0.9
0

'Rrdich cnrrgcnrr.B d al ier nrbibit ion: p < 0.0001.
rDetcrnrincrl  l2 , l  al i* plandng: {).001 < p < 0.01.

to develop into plnnts, and somr seeds lacLing
cmergent radicles e!entually grew.

Alier 12 d in thc greenhouse, seedlings from
r,holc sceds shorved the greatest vigor, bcing larger
than those from all othcl teatments. Seedlings liom
prc-imbibed seeds rvere the smallest. Scccllings
from the drv, transvclscly bisected seeds, i!'hether
germinated immediately or storcd, and the dry lon-
gitudinall,v bisected seeds had similar intcrmedi-
ate viEior, but thc longiLLrdinal ly bisected seeds
showed rnore variabilih. Thcv had both larger and
smaller seedlinlis lhan Lhe translersely bisected
sccds in which seedlings lere more uniform. Thcse
differences in sccdl ing size continued. After 43 d
in lhe greenhouse, plants l iom $holc sccds \ ' !ere
largcr than lhose from all othel treatmcnts, and
had many flovcr bucls. PlanLs from bisected secds
\rere srnaller. aDd had fcn'cr flower bLrcls.

\lcristcms frorn ORL [35-765 gren rapidl,v, tl-
though 215 percent $,ere lost due to conlarnrnatron.
l ler istems grcrl  from an exc ised length of 0.3-1.0
mm to lenglhs of 3 15 mm in 9 d. SubculLule to
scni-solid rnedia from liquid media was ncccssary
alier l0 d. Aftel an aclclitional i>5 d on media rdth
zeatin ( l  mg/1) and carbcnici l l in. sever out often
shoots sunivcd and produce.l an average of 7 +
3.1 shoots per clump.

Shoot mult ipl icat ion ol meadot{bam also oc-
curred on media containing zcatin. kinr:t in. or 2iP.
lnrt not on media containing BA. Slultiplication rvas
best on zc tin (Table 2). but kinetin and 2iP galc
satisfactorv results. f)iffcrcnces in treaLmenls were
signif icant (F = 29.l l .  d. i .  :1. 32, t '  < 0.0001).
Based on the Net'man-Kculs proccdurc. lhe rneans
of numbels of shoots developed on zeatin and orl

' . l l l d i n c u l t u r e : n : 9 .

BA dillered from those of all other cytokinins at
the l0lo level (Samucls 1989). Meristems treated
rdth kinctin did not differ signilicantly liom those
treated with 2iP.

Discussion

Transvcrsely bisected seed was easier to rvork t'ith
than longitudinally bisected sccd. Plants grorvn
from trrnsr, rs. lr  l , i - . ,  ted "eed" lrere more uni-
[orm, and germination and gro*th $ere more re];a-
blo. W;th longitudinally bisected seeds. it t'as
dilficult to dctcrmine which half lould be viable.
as both halves may ha\.c conta;ncd some apical ds-
sues. We obserred that only one half lbrmcd a
plant. Longitudinally biscctccl seecl consisted ol
proport ional am{}unls of testa-pericarp and
cotvledonarT tissues, and in addition. apical tissues
in var,ving amounls. Transverselv bisected seed
provided a morc uniform tissue for analyses, be-
cause the decapitated portion consislcd onlv of
proport ional amounts of testa-pcl icarp and
cotvledonarv tissucs.

Thcsc rcsults show thal a rather crude cut un-
der non-sterile conditions viclds a half sceri that
can bc storcd frozen rvhile the other half is ana-
lyzed 1or oil.

While limnarrrlzes sp. grows rvell in tissue cul-
turc. this method requires relativelv high technol-
ogy lith sterile r:onditions (Reed 1991, Southrvorth
and Kt ' iatkorvski l99l).  I istabl ishment of l i l r-
rlczrh?.J sp. embryos in culture occu ed n'ith tbc
Ioss of a high percentage of embfyos due to han-
dl ing damage or contamination (Southworth and
K*iaLkowsli 1991). The hal{-scccl mcthod applics
appropriate Lrchnology to develop a usefirl selec-
t ion procedure.

l he  r rp i t l  g rou th  u i l , l an t -  f r um rn r r i - l em-  i r -
di(Jl(s lhr l  mer, lorrfoam i- \ .cl l  .ui lcd lo mcri- l l .m

2l . :19 12.,1.8
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culturc. Rcfincmcnts in meristcm excision should
overcome contamination. as thc mcristcm itself ap-
peared to be frcc of microorganisms. Whcn crcis-
ing apical meristcms, it rvas notcd that most leaf
petiolc bascs wcrc rcntaminatcd rvith soil particles-
Only the innermost sir to eight lcrf bascs surrouncl-
ing the meristem were reliably liee of soil parti-
cles. This level o[ surface conlamination so deep
rvithin thc roscttc indicated di l f iculty in sur' far:e
stcri l izat ion for shool culturc. as noted by Reed
(1991). Meristern culture should overu)me leaf at i l
contamination, as lhe innermosl prirnordia seerned
to bc clcan.

l'ailure to obtain shoot multipJication on BA
diffcred irom the lesults ofReed (1991) t  ho Lrsed
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BA as the sole r:ytokinin and obtained 2.4 shoots
pcr clump. Thc dif fcr ing outs)mes mav be dLre lo
genetic dillirences in selected Jines. to develop-
mental diflerences induced bv previous culture
cond;t ions such as growth on zeatin. or to envlron-
mental dillerences such as rvarmer davs.

The ability to store bisected seeds and later to
regenerate rnd clonailly incrcasc plants h-om thosc
hall seeds should enhance the ellbrt to breed a su-
pcrior oi l-producing meadorvfoam.
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