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Abstract

A method was developed to select and propagate mendowfoam lines that produce sceds with high oil content. Seeds of a meadow-
foam hybrid (Limnanthes sp., ORL 85-765) were bisccled so that a portion of the seed could be analyzed for oil content. The
remainder of the seed was then germinated. Higher germination rates and more uniform plants were obtained from seeds cut trans-
versely than from sceds cul longitudinally. Half seeds were stored frozen lor 25 days without decrease in viability. Sierile plants
were established by culture ol shool meristems taken from greenhouse-grown plants, Plunls in sterile culture were cloned by micropropa-
gation. This method of selection is more specific to genotype than sampling sceds from a population, and is easier than selection
from tissue culture, hecause the hall-seed method does not require sterile technique.

Introduction

Meadowfoam (Limnanthes sp.} is a short-lived an-
nual with potential as a new oil seed crop (Jolliff
1981, Reed 1991, Southworth and Kwiatkowski
1991). Agronomists arc werking to increase oil
vield by improved cultivation methods and by
selection of seeds with high oil content for use as
parents (Jolliff 1981). Analysis of individual sceds
for cil content in the search for superior oil
producers requires sacrifice of a portion of the seed
for analysis. What is needed is the ability to iden-
lly oil-rich seeds and then to germinate them. If
a portion of the seed could he analvzed and the
remainder stored and later cloned, selection of high
oil-producing parents would be greatly simplified.
A half-secd technique has been uged for analysis
and subsequent germination in such genera as Cu-
curbita (Gathman and Bemis 1981) and Brassica
(Pleins and Friedt 1989). This investigation ad-
dresses the leasibility of hisected seed storage, ger-
mination and clonal propagation of meadowfoam.

Methods and Materials

Seeds of Limnanthes sp. secd line ORL 85-765
selected from hybrids of L. floceosa ssp. grandiflora
Arroyo X L. alba Hartw. in Benth. were obtained
from Dr. Gary Jolliff, Department of Crop Science,
Oregon State Universily. A plant variety protection
application i1s pending.

Bisection of Seeds

Establishment of meadowfoam plants was com-
pared for the following treatments: (a) whole seeds;
ib) longitudinally bisected dry sceds; (c} longitu-
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dinally bisecled seeds that had been pre-imbibed
at 10°C before bisection; (d) transversely hisceted
dry seeds; and (e) transversely bisected dry seeds
which were stored at —14°C for 25 d following
bisection. For treatments (a)-(d}, 30 seeds were cut
and divided into three Petri dishes for germina-
tion. For frozen storage, 32 secds were cut, stored
frozen, and divided into four dishes for germi-
nation.

Results were analyzed by a chi-square contin-
gency lable to determine the significance of devi-
ations from the pooled estimate of germination

{Samuels 1989),

“Seed coats” in Limnanthes consist of a testa-
pericarp with the fruit wall adhering to seed coat
and embryo in both dry and imbibed conditions.
In preliminary experiments, the testa-pericarp was
chipped oft with a scatpel, but this process was
laborious and potentially damaging to the embryo.
We proceeded without removing the testa-pericarp.
Seeds were sliced longitudinally or transversely
through the center by holding them with curved
forceps on a hard surface, and slicing with a num-
ber 10 blade fitted scalpel. Longitudinal cuts, (b)
and {(c}, were made through the long axis of the
seed. The position of the cotyledons in relation to
the longitudinal cut was nol determined, as no ob-
vious cxternal marks on the seed indicated cotyle-
don position. Some longitudinal cuts separated the
cotyledons; others cut both cotyledons lengthwisc.
Frequently the embryonic axis (radicle-hypocotyl-
epicotyl} was cut. Transverse cuts, (d) and (e), were
made across the seed, halfway between the basal
attachment scar and the seed tip. This cut off the
distal portion of both cotvledons. but did net cut
the cmbryonic axis.




For the pre-imhbibition treatment, seeds were
hydraled on filter paper moistencd with distilled
waler at 10°C in the dark for 40 h prior to bisec-
tion, For frozen storage at —14°C, seeds were
transversely bisccted, placed in a 96-well polysty-
rene microtitre plate and scaled with parafilm.

Seed Germination

Seeds from all treatments were imbibed on moist
filter paper in scaled Petri dishes at 10°C in dark-
ness for 9 d, atter which they were planted in flats
of soil by placing the emerging radicle, when pres-
ent, in the downward position, and barely cover-
ing the seeds with potiing soil. Sterile technique
was not used as a test of the utility of the method
to growers. I'lals were placed in a greenhouse un-
der a 10-11 h photoperiod in October and Novem-
ber in Ashland. OR, with temperatures ol 22°C
day and 15°C night, and watered daily. No fer-
tilizer was applied.

After 12 d in the greenhouse. plants were
counted as established if one or more true leaves
had formed. Results were analyzed by a chi-square
contingency table with the expected rate of plant
establishment determined from the pooled es-
timate.

Meristem Culture

After an additional 28 d in the greenhouse, when
plants were maluring, but not {lowering, apical
meristems werc aseptically excised and cultured
on a liquid medium consisting of MS salis, vita-
mins {Nitsch and Nitsch 1969), indoleacetic acid
(1AA, 0.1 mg/1}, gibberellic acid (GA, 0.2 mg/),
kinetin {(.04 mg/l), and sucrose (30 g/l}). The pH
was adjusted to 5.6 with NaOH. Medium was dis-
pensed, 10 ml per tube, into 20 x 150 mm cul-
ture tubes with polypropylene caps and autoclaved
for 12 min at 110°C (Brown and Kwiatkowski
1988). After 10 d culture on liquid media,
merislems were subcullured to semi-solid media
containing carbenicillin (250 mg/l) for control of
a slow-growing bacterial contaminant.

Cytokining were tested to determine which best
promoted shoot multiplication. The test material
consisted ol shoot clumps of L. alba var Foamore
derived from somatic embryos grown on the above
M3 medium without plant growth regulators, ex-
cept trans-zeatin (0.2 mg/l} and with agar (6 g/l}
(Southworth and Kwiatkowsi 1991), Under a lami-
nar {low hood, clumps were dissected Lo single

shoots and transferred, three shoots per 250-ml
flask, 1o the same medium containing
N%benzyladenine (BA), trans-zeatin, kinetlin, or
Né-(A*-isopentenyl)-adenine (2iP), all at concen-
trations of 1 mg/1. Flasks were placed in the growth
chamber under 8-h d (19 pEm™s™) and
18°C/12°C day/night temperature regime. Afier
43 d when shoot clumps were mature and senes-
cence was beginning, clumps were dissected 10
count the number of shoots.

Data were subjected to one-way analysis of var-
iance (ANOVA) to test whether sample means were
drawn from populations with the same mean

(Samuels 1989).

Plant matcrial from one flask of each treatment
was subcultured 1o semi-solid {6 g/l agar) modi-
fied MS media containing [AA, GA, and kinetin,
ag above (Brown and Kwiatkowski 1988), for root-
ing and then transplanted to soil in the greenhouse.

For shoot multiplication, plants derived from
meristem cullure of Limnanthes sp. (ORL 85-765)
were placed on 50 ml semi-solid MS media con-
taining trans-zeatin {1 mg/1) and carbenicillin in
250 ml flasks plugged with cotton. Flasks were
placed in the growth chamber as above.

Results

All treatments yielded high germination percen-
tages (Tablc 1). After incubation of seeds for 8 d.
radiclc emergence was least for longitudinally bi-
sected dry seeds in which 73 percent of seeds
produced radicles. In all other treatments, al lcast
97 pereent of seeds produced radicles. Based on
chi-square analysis, germination percentages
differed significantly from the pooled estimate of
germination which was 0,93,

The manner of cutting affected plant growth,
The number of plants established in the green-
heuse after 8 d incubation at 10°C and 12 d in
the greenhouse was greatest for transversely bi-
sected dry seeds of which 100 percent gave rise
to plants. Plant establishment was least for pre-
imbibed, longitudinally bisected seeds in which 77
percent of the seeds vielded plants (Table 1). Of
transversely bisected frozen seeds, 97 percent
formed plams. In some dry seeds, cotyledons shat-
tered or cracked when bisected while pre-imbibed
secds did not shatler or crack, but eul smoothly.
However, a larger fraction of sceds that were cut
dry gave rise {o plants (Tahle 1). Some sceds with
emergent radicles after the cold treatment failed
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TABLE 1. Effect of cuts on radicle emergence and establish-

ment of plants.

TABLE 2. Shoot multiplication in response lo cytokinins in L.
alba var, Foamore.

Emergence of Fstablishment

Radicles? of Plants®
No

Treatment Germ. [.'-ngerm. Growth  Growth
Whole seed 29 1 28 2
Longitudinal bisect 22 8 26 4
Imbibe, longi-bisect 30 0 23 T
Transverse biscet 29 1 30 0
Trans-hisecl, lrecze 31 1 3) 1
Chi-squure value 21.39 12.48

'Radicle emergence 8 d alter imbibition; p < 0.0001,
Determined 12 d alter planting: 0.001 < p < 0.01.

1o develop into plants, and some seeds lacking
emergent radicles eventually grew.

After 12 d in the greenhouse, seedlings from
whole seeds showed the greatest vigor, being larger
than those from all other treatments. Seedlings from
pre-imbibed seeds were the smallest. Scedlings
(rom the dry, transversely bisected seeds, whether
germinaled immediately or stored, and the dry lon-
gitudinally bisected seeds had similar intermedi-
ate vigor, but the longitudinally bisected seeds
showed more variability. They had both larger and
smaller seedlings than the transversely bisected
seeds in which seedlings were more uniform. These
differences in scedling size continued. After 43 d
in the greenhouse, plants from whole seeds were
larger than those from all other treatments, and
had many flower buds. Plants from bisected seeds
were smaller, and had fewer flower buds.

Meristems from ORL 85-765 grew rapidly, al-
though 25 percent were lost due to contamination.
Meristems grew from an excised length of 0.3-1.0
mm 1o lengths of 3-15 mm in 9 d. Subculure to
semi-solid media {rom liquid media was nccessary
after 10 d. After an addilional 55 d on media with
zeatin (1 mg/l) and carbenicillin, seven out of ten
shoots survived and produced an average of 7 =
3.1 shools per clump.

Shoot multiplication of meadowfoam also oc-
curred on media containing zeatin, kinetin, or 2iP,
but not on media containing BA. Multiplication was
best on zeatin (Table 2}, but kinetin and 2iP gave
satisfactory resulis. Diffcrences in trealments were
significant (F = 29,11, d.f. 3, 32, P < 0.0001).
Based on the Newman-Keuls procedure, the means
of numbers of shools developed on zeatin and on
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Shootz per

Clump!
Cytokinin (1 mg/l) X SE
Zealin 9.8 0.9
Kinetin 0.7 0.4
N&-(A2dsopentenyll-adenine 6.7 0.9
Né-henzyladenine 1.0 0]

'4.3 d in culture; n = 9.

BA differed from those of all other cytokinins at
the 1% level (Samucls 1989). Meristems treated
with kinetin did not differ significantly from those
treated with 2iP.

Discussion

Transversely bisected seed was easier to work with
than longitudinally bisected sced. Plants grown
from transversely bisected seeds were more uni-
form, and germination and growth were more relia-
ble. With longitudinally bisected seeds, it was
difficult to determine which hall would be viable,
as hoth halves may have contained some apical ts-
sues, We observed that only one half formed a
plant. Longitudinally hisected seed consisted of
propottional amounts of testa-pericarp and
colyledonary tissues, and in addition, apical tissues
in varying amounis. Transversely bisected seed
provided a morc uniform tissue for analyses, be-
cause the decapitated portion consisted only ol
proportiohal amounts of testa-pericarp and
cotyledonary tissues.

These results show that a rather erude cut un-
der non-sterile conditions yiclds a half seed that
can be stored frozen while the other half is ana-
lyzed for oil.

While Limnanthes sp. grows well in tissue cul-
ture, this method requires relatively high technol-
ogy with sterile conditions (Reed 1991, Southworth
and Kwiatkowski 1991). Establishment of Lini-
nanthes sp. embryos in culture occurred with the
loss of a high percentage of embryos due to han-
dling damage or contamination {Southworth and
Kwiatkowski 1991). The half-sced method applies
appropriale lechnology 1o develop a useful selec-
lion procedure.

The rapid growth of plants from meristems in-
dicates that meadowfoam is well suited to meristem




culture. Refinements in meristem excision should
overcome contamination, as the meristem itsell ap-
peared to be free of microorganisms. When excis-
ing apical meristems, it was noted that most leal
petiole bascs were contaminated with sotl particles.
Only the innermost six to eight leaf bases surround-
ing the meristem were reliably free of soil parti-
cles. This level of surface contamination so deep
within the rosette indicated difficulty in surface
sterilization for shoot culture, as noted by Reed
(1991). Meristem culture should overcome leafl axil
contarination, as the innermost primordia seemed
to be clean.

Failure to obtain shoot multiplication on BA
differed from the resulis of Reed (1991) who used
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BA as the sole cylokinin and obtained 2.4 shoots
per clump. The differing oulcomes may be due to
genetic differences in selected lines, to develop-
mental differences induced by previous culture
conditions such as growth on zeatin, or 1o environ-
mental differences such as warmer days.

The ability to store hisected seeds and later to
regenerate and clonally increase plants from those
half seeds should enhance the effort to breed a su-
perior oil-producing meadowfoam.
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