
:
'
,

OR C 0O
HE 0 / Ag8 /0

4 B 87
640

AOOOIJ3O4O4933

Meadowfoarn
(Limnanthes alba):

Its Research and Development as a
Potential New Oilseed Crop for the

Willamette Valley of Oregon

OREGON

. l6198'

'TATt1i

Station Bulletin 648 November 1981

Agricultural Experiment Station
Oregon State University, Corvallis



Preface
Few new crops have been discovered, domesticated, .and developed by

modern society. The recent farm scale production of meadowfoam in
western Oregon is an interesting exception. Research experimentation plus
farm-scale production of meadowfoam have shown this crop is well adapted
to western Oregon. This report summarizes the technical information related
to the agronomic development of meadowfoam during the last 20 years.

The topics of economics, processing, and marketing are not addressed
in this bulletin, but will be reported later as data become available. In the
meantime, meadowfoam should be considered as a new crop with as many
uncertainties about its potential uses and profitability as was the case for
crops such as the soybean and sunflower in the 1920s. However, research to
date indicates meadowfoam could be a potentially valuable new crop for
western Oregon.

Authors: Gary D. Jolliff is associate professor of crop science; Ian J. Tinsley is professor of
agricultural chemistry; Wheeler Calhoun is associate professor of crop science; and Jimmie
M. Crane is research technician, Crop Science Department. All authors are at Oregon State
University, Corvallis, Oregon 97331.
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Meadowfoam (Limnanthes alba):
Its Research and Development as a Potential New Oilseed Crop

for the Willamette Valley of Oregon

Gary D. Jolliff, Ian J. Tinsley, Wheeler Calhoun, and Jimmie M. Crane

INTRODUCTION
There are many reasons for interest in new

crops. An early objective of the U.S. Department
of Agriculture was to "procure, propagate, and
distribute among the people new and valuable
seeds and plants" (USDA, 1862). The meaning of
"valuable seeds and plants" has changed
throughout history. Production of food, feed, and
fiber for domestic consumption in the 1800s by
America as a developing nation was very impor-
tant. During the last quarter century, agricultural
export commodities have become increasingly im-
portant. The energy situation is now causing a
change in perspective as "valuable seeds and
plants" are viewed as sources of renewable
industrial raw materials and energy.

Meadowfoam Identified as a Potential New Crop
The analysis of meadowfoam (Limnanthes

douglasii R.Br.) seed oil was first reported by
USDA research scientists at the Northern Regional
Research Laboratory, Peoria, Illinois, working on
an extensive program to search for new industrial
raw materials from plants (Earle et al., 1959). A
prime reason for seeking new crops at that time
was to help alleviate troublesome surpluses of
several major crops (White and Wolff, 1968). That
research effort resulted in the chemical screening
of 6,500 species of wild plants (Princen, 1979). A
significant number of plant species were identified
as excellent candidates for the production of
desirable products. Substantial interest in
meadowfoam as a source of industrial oil was
aroused when the oil was used to derive liquid wax
esters which had properties very similar to those of
jojoba (Simmondsia chinensLs [Link] Schneider)
(Miwa and Wolff, 1962).

In 1971, meadowfoam was named as the most
promising substitute for sperm whale oil which
had been banned as a U.S. import by the En-
dangered Species Conservation Act of 1969.
However, budgetary limitations kept research pro-
jects on meadowfoam very small (Cook, 1971).

New Crop Screening in Oregon
Between 1963 and 1979, the new crops project

at the Oregon State Agricultural Experiment Sta-
tion tested several hundred plant introductions
(including 532 accessions, 122 species, and 57
genera). Several of the plants which had shown
some promise in the USDA investigations grew
satisfactorily at the Oregon State University
Hyslop Crop Science Field Laboratory near Cor-
vallis, Oregon.

Meadowfoam was the only plant found to be
well adapted to poorly drained "white land" in the
mid- to southern Willamette Valley. This
agricultural area was recently described by Tsutsui
(1979).

Oregon Interest in Meadowfoam
Meadowfoam is of special interest to producers

who farm the approximately 80,000 hectares
(200,000 acres) of this land on which annual
ryegrass (Lolium multiflorum Lam.) seed produc-
tion is the only adapted cash crop. Annual ryegrass
seed production frequently exceeds demand,
resulting in depressed prices. Therefore, it can be
economically advantageous to the region to reduce
the annual ryegrass acreage. In addition, there is
no crop residue problem after meadowfoam
harvest. Since the plant is not fibrous, threshing
pulverizes the dry vegetation, leaving only a trace
of fine particles. Thus, the acreage diverted from
ryegrass would not require sanitation by open field
burning.

Meadowfoam may also fill a need for the first
crop in a double-cropping system involving the
late plantings of bush beans or other irrigated can-
nery crops (sweet corn, table beets, carrots, etc.) in
the Willamette Valley. Bean growers have express-
ed a need for an annual winter cover crop that
does not promote continued growth of bean
pathogens.

Having a choice of crops to grow in a farming
operation also aids in spreading the producers'
risks and workload. The economy of Oregon could
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benefit from additional income if meadowfoam is
produced as a source of industrial raw materials.

Unanswered Questions
Higher costs for petroleum have caused the

U.S. chemical industry to consider the potential of
agricultural crops to supply basic chemical feed
stocks (Grounds, 1980).

Questions about meadowfoam prices, markets,
processing, and uses are logical to ask, but are dif-
ficult to answer. Even though meadowfoam was
produced on a farm scale (35 acres) in 1980, com-
mercial development of this new crop will require
years of effort. Private industry generally is not
willing to invest in developing new crops until a
significant financial incentive is visible (Rothfus,
1980). Soybeans, for example, required more than
a century for full development of production and
marketing in the United States, even though the
soybean plant had been domesticated several thou-
sand years earlier. By contrast, meadowfoam was
domesticated less than 30 years ago. Similarly, ma-
jor new uses of corn syrup have been developed
just recently, even though this crop has led the na-
tion for decades in total value of production.
While USDA chemists worked on some of these
new uses for corn products, and predicted the
potential for their use, the appropriate economic
and political environment in industry was essential
for the actual commercialization to take place.

Establishing a price for meadowfoam is dif-
ficult because markets change. For example,
meadowfoam oil might be valued comparably to
rapeseed oil in an active market channel. But it
might be worth two or three times as much as
rapeseed oil if ways are found to capitalize on its
unique composition. This would give the develop-
ing industry a competitive advantage.

Continued efforts from public and private sec-
tors in Oregon and the U.S. Department of
Agriculture will be needed to make progress in
meadowfoam development until the profit poten-
tial becomes sufficiently visible so private industry
will assume leadership in utilization research and
market development.

MEADOWFOAM SEED OIL-
A CHEMICAL PERSPECTIVE

Meadowfoam is valuable as a potential new
crop because its seed oil is a source of long chain
(C20 and C22) fatty acids. Some perspective on the
potential utility of this oil can be deduced by con-
sidering its chemical composition with reference to
other oils in commercial use. Such an analysis
should provide an indication of how this oil could

provide unique advantages on the one hand or
where, on the other hand, it might serve as a sim-
ple replacement for oils presently in use.

Fatty Acid Composition
The fatty acid composition of meadowfoam

seed oil is summarized in Table 1, along with that
of other oils that might be considered its closest
"relatives," chemically speaking.

Table 1.
Fatty acid composition of meadowfoam and related oils.

'This abbreviation designates the number of carbons in the fatty
acid chain (14) and the number of double bonds (0).
211
35
433% 5, 67% M3

5, 13

Note that the oil contains two forms of 22:1,
erucic acid (M3) and an isomer (5) which cor-
responds in the double bond location to the major
fatty acid, 20:1. The 13 isomer constitutes ap-
proximately two-thirds of the total 22:1 (Smith et
al., 1960). There is essentially only one report of
the fatty acid composition of this oil (Miwa and
Wolff, 1962) along with a survey of other species
of the genus Limnanthes (Miller et al., 1964).

Unique Aspects of Meadowfoam Seed Oil
Source of Eicosenoic Acid. The amount of

20:1 in this oil is the highest of any known oil.
Considering its relatively simple fatty acid
distribution, meadowfoam provides a unique
source of this fatty acid.

Source of C20 and C22 Fatty Acids. No other
seed oil has such a high percentage of fatty acids of
this chain length. Fish oils are used as a source of
these fatty acids but the best source, herring oil,
contains only 40 percent of C20 and C22 fatty acids
(Stansby, 1979) compared to >90 percent for the
meadowfoam oil. If saturated acids were to be

Fatty
Acid

High Erucic
Rapeseed

(Canadian) Crambe Meadowfoam

%
14:01 0.1 Tr
16:0 2.5 1.7 0.2
16:1 0.2 0.3 0.2
18:0 2.6 ... Tr
18:1 16.3 16.7 2.0
18:2 15.3 7.8 0.2
18:3 8.9 6.9
20:0 0.8 1.3 2.0
20:1 11.62 2.9 65.0
20:2 Tr 0.4
22:0 1.4 2.7
22:1 40.0 55.7 20.0k
22:2 0.6 ... 10.0



produced by hydrogenation, the meadowfoam oil
would be superior with the C20 and C22 acids con-
taining only 1-2 double bonds/molecule; the
marine oil's fatty acids of this chain length contain
4-6 double bonds/molecule. Assuming any
geographical variables are minimized, one would
expect the composition of a meadowfoam oil to be
significantly more uniform than a marine oil.
Crambe and high erucic acid rapeseed also have
substantially lower levels of the C20 and C22 fatty
acids.

Oxidative Products
Unsaturated fatty acids may be cleaved by ox-

idative processes yielding shorter chain monobasic
and dibasic acids, some commercially significant.
The nature of the acids formed depends on chain
length and location of the double bonds.
Theoretical yields of the different acids produced
from 100 g of meadowfoam fatty acids are sum-
marized in Table 2.

Table 2. Short chain acids derived from oxidation of major
fatty acids of 100 g of meadowfoam oil fatty acids.

The two major products are a C15 monobasic
acid and a C5 dibasic acid, glutaric acid. Whether
these two acids would provide an advantage for
meadowfoam oil is not known. The C15 acid is uni-
que but would be expected to compare with
myristic acid (C14) or palmitic acid (C16) which are
available by direct hydrolysis of other oils.

The C9 monobasic acid and C13 dibasic acids
find commercial use but can be produced in higher
yields from the oxidation of oils containing high
levels of oleic or erucic acid.

Waxes
By reducing the meadowfoam acids to alcohols

and then forming esters with those acids, C40-C44
waxes similar to those of jojoba oils may be pro-
duced. Unless there was some unusual price dif-
ferential between the two oils, there would not ap-
pear to be any particular advantage in producing
the waxes from meadowfoam oil.

General Derivatives
Excluding food use, defined end uses for fatty

acids have been identified for seven main classes of
derivatives (Kern., 1979). The latter would include
various nitrogen derivatives, alcohols, sulfates,
sulfonates, etc. These derivatives may find uses as
surfactants, plasticizers, or lubricants. Such
derivatives could be produced from the fatty acids
of meadowfoam oil. Their commercial use would
depend on their actual physical properties in com-
petition with other sources. There are some indica-
tions that longer chain derivatives, in some cases,
may improve product performance (Weiss et al.,
1979).

Replacement of Oils
Of the oils in commercial use, a high erucic

acid rapeseed oil would have a fatty acid composi-
tion most similar to meadowfoam oil. Rapeseed oil
would be slightly more saturated, primarily
because of the linolenic (18:3) content. It also
would contain a lower proportion of the C20-C22
fatty acids.

The principal industrial use of the high-erucic
rapeseed in the United States is as the sulfur
polymer, "factice," in the rubber industry. There
is some indication that the sulfur-treated
meadowfoam oil could provide a suitable product
substitute. Other uses listed for rapeseed oil by
Ohison (1972) are not so critically related to fatty
acid composition. Meadowfoam oil might not be a
reasonable consideration for a replacement then.
Such uses would include various lubricant
preparations, detergent additives such as the
sulfate derivatives, and plasticizers as epoxide
derivatives. But, because of the location of the
double bonds, its oxidative products are quite dif-
ferent from rapeseed oil.

The literature on the chemistry of
meadowfoam oil was recently summarized (Jolliff,
1981).

THE MEADOWFOAM PLANT
The genus Limnanthes (family Limnan-

thaceae), described in 1833 by Robert Brown, is
native to northern California, southern Oregon,
and Vancouver Island, British Columbia (Mason,
1952). It is a low-growing (Photo 1) herbaceous
winter annual that is well adapted to the Mediter-
ranean climate of the Pacific Coast. The common
name "meadowfoam" was given because of the ap-
pearance of the nearly solid canopy of light-
colored flowers at full bloom (Photo 2). Several
taxonomic studies of Limnanthes have been
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Parent
Derivative Acids

Fatty Acids Monobasic Dibasic
20:1 65.0 g
22:1 6.6

C15
C17

50.7 g
5.3

C5
C5

27.7 g
2.6

13 22:1 13.4 C9 6.3 C13 9.7
5, 13 22:2 10.9 C9 4.7 C5 3.9 C9 5.3

Overall theoretical yields
C9 11.0 g C5 34.2 g
C15 50.7 C9 5.3
Cl7 5.3 C13 9.7
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published (Mason, 1952; Ornduff and Crovello,
1968; Ornduff, 1971, and Arroyo, 1973a).

Habitat Survey
Gentry and Miller (1965) explored the feasibili-

ty of developing Limnanthes as a crop plant. Their
initial assessment of Limnanthes in its natural
habitat revealed nothing to discourage economic
interest in the plants. They observed that it has a
growing season and harvest period similar to
winter grains and has shown adaptability to
cultivation in a wide range of soils and climates.
The short life cycle and genetic flexibility sug-
gested possibilities of rapid progress in crop im-
provement. The plants appeared to be efficient in
synthesis of dry matter and produced a high ratio
of seed to vegetative dry matter. High seed reten-
tion, low water use requirement, and slightly
higher oil content was found in members of the In-
flexae (petals fold inward after pollination and
during maturation of the fruit) group of species.
Limnanthes alba var. alba was suggested as hav-
ing the most adaptive potential for good perfor-

A field of meadowfoam in full bloom in May in the Willamette Valley.

141 61 tl IS

Limnanthes alba plant in rosette in February in the
Willamette Valley.



L. alba anthers shed pollen before the stigma is receptive and Each øower can produce as many as five seeds.
therefore insect pollination is important for seed set.

L. alba seeds (nutlets) contain 20-30 percent oil.

mance under cultivation. This variety evolved in
central and northern California during the last
century on the cultivated sandy and silty loam soils
used to grow winter grains. It is a relatively
xerophytic species and can set seed on the last of
the seasonal soil and stem moisture (Gentry and
Miller, 1965).

Introduction and Initial Plantings
The first reported field trials involved L.

douglasii seed from Europe, which was planted as
a winter annual at Glenn Dale, Maryland, in 1961
(Higgins et al., 1971). Seed germination sensitivity
to high soil temperature was observed. Optimum
temperatures for seed germination of 10 species of
Limnanthes ranged from ca. 5°-15°C (Toy and
Willingham, 1966). The seeds of some species were
induced into secondary dormancy when imbibed
at 27°C (Toy and Willingham, 1967). The seed
dormancy problem was encountered with some L.
alba plant introduction materials at Corvallis but
the dormancy characteristic was reduced to less
than 10 percent during the mass selection phase of
the development of the cultivar, Foamore
(Calhoun, unpublished data).

5
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Germplasm Collection and Distribution
In 1962, Gentry collected 28 Limnanthes ac-

cessions from California and Oregon to provide
germpla.sm for new crop research programs. They
were planted in the fall at Chico, California, and
Glenn Dale, Maryland. Again, L. alba showed the
most potential as a crop because of superior seed
retention and erect growth habit. Further evalua-
tion of L. alba var. alba accessions 283702 and
283703 was suggested. Limnanthes had promise as
a new oilseed crop because experimental yields of
1700 kg/ha or more appeared attainable on a com-
mercial basis through plant improvement and the
use of sound cultural practices. L. douglasii was
planted as a spring annual in 1963 at Palmer,
Alaska. It had indeterminate growth and an
estimated yield of 2,500 kg/ha; the maximum yield
at this site in 1967 was 820 kg/ha. Seven Limnan-
thes accessions were first grown in the Willamette
Valley in 1966 at Corvallis to evaluate fall versus
spring planting. Only the fall planting was suited
to the environmental conditions at Corvallis. L.
alba var. alba yielded the highest at 1,350 kg/ha.

Limnanthes was grown and hand-harvested at
all four of the above locations. The Palmer,
Alaska, site required planting as a spring annual.

Timely cutting, and proper combine adjustment are critical for a successful harvest.

The plants continued to grow all summer and thus
presented some problem of plant maturation and
seed ripening for harvest. There was significant
loss of stand at the Glenn Dale, Maryland, site
because of winter heaving. The onset of early,
warm conditions at Davis, California, in the
spring caused termination of vegetative growth
and generally low yields. The climate of the
Willamette Valley of Oregon seemed to be well
suited for the production of this crop (Higgins et
al., 1971).

Variety Development
The major agronomic problems associated

with the initial use of wild meadowfoam popula-
tions were poor seed retention, low yield, and pro-
strate growth (Kanuika, 1969).

In 1971, Calhoun and Crane found that seed
losses from shattering ranged from an average of
16 to 54 percent for two L. alba accessions under
two harvest dates while three L. douglasii acces-
sions had seed losses ranging from 71 to 93 percent.
The L. douglasii had a total yield of 1980 kg/ha
and the L. alba averaged less than 660 kg/ha.
Notation was made of the desirability of combin-
ing the yield qualities of L. douglasii with the seed
retention characteristics of L. alba. However,



Mason (1952) had not been able to obtain seed
from attempted cross pollination of L. alba x L.
douglasii. Therefore, Calhoun and Crane directed
attention to the improvement of L. alba since the
reflexed flower characteristics of L. douglasii gave
no encouragement for the possibility of reducing
seed shatter to an acceptable level.

"Foamore," the first cultivated meadowfoam
variety, was released by the Oregon Agricultural
Experiment Station in 1975. Its superior
characteristics include: greater plant height (25 to
30 cm), upright growth habit, fair seed retention
(50 to 85 percent), and good seed yield (1,000 to
1,500 kg/ha). At Corvallis, it flowers about May 20
and is ripe for harvest in early July.

It originated as a single plant selection made in
1970 from plant introduction accession P1 283704
of Limnanthes aiba var. alba. The single plant was
self-pollinated for seed increase. Mass selections
were made in 1971 from progeny of the selfed
plant. Mass selections from open-pollinated spaced
plants, for upright growth and improved seed
retention, were continued in 1972, 1973, and
1974.

An improved experimental line, selection
703-A, yields as well as the Foamore variety (Table
3), and is superior to Foamore in seed retention
(Table 4). This selection is being considered for
release by the Oregon Agricultural Experiment
Station as the variety, Mermaid.

Table 3. Mean total' seed yields in seven years for two
Limnanthes alba cultivars grown at Corvallis, Oregon.

Cultivar 1973 1975 1976 1977 1978 1979 1980 Mean

kg/ha
703-A 1956 1296 1688 866 963 1123 981 1239
Foamore 1844 1207 1642 825 902 1013 946 1197
Includes the seed harvested by the plot combine plus the seed recovered by vacuum sweep-
ing the seed eemaining on soil in the plot.

Table 4.
Mean percent seed loss in five years for two

Limnanthes alba cultivars grown at Corvallis, Oregon.

Cultivar 1976 1977 1978 1979 1980 Mean

Year

Percent seed remaining on ground
after harvest'

Year

Data for 1976-1978 include amount of seed on ground which passed
through the plot combine harvester. Data for 1979 and 1980 were
corrected (reduced) by the amount of seed which passed through the
harvester and back to the plot.

Producers have expressed a willingness to grow
meadowfoam as soon as a profitable market is
developed. It was grown and harvested successful-
ly on an experimental farm-scale operation on 35
acres in Linn County, Oregon, in 1980. That occa-
sion marked significant progress where the wild
meadowfoam plant had been modified to fit
mechanized production. However, much addi-
tional research is needed to improve seed yields. It
is important to maintain a balance in the progress
made in agronomic development of the plant, and
oil utilization research. The latter topic is not ad-
dressed in this publication, but development in
that area will influence agronomic research
planning.

Two research areas of special importance in
the development of higher yielding meadowfoam
varieties are: (1) the development of a self-
pollinating variety of the Limnanthes alba plant
type, and (2) delineation of the physiologicl factors
related to seed fill which cause variability in seed
yields between years.

The flowers of L. alba are protandrous
(Mason, 1952), with anthesis occurring one to four
days before the stigma matures. Viable pollen is
too heavy to be carried by the wind, so insects are
required for pollination. The honeybee (Api$
mellifera) was found to be the primary pollinator
in Corvallis, Oregon, with some flower visitation
by syrphid flies (Burgett, 1978). Meadowfoam
blooms in May in the Willamette Valley when the
temperature, precipitation, sunlight, and wind
speed commonly are unfavorable for honeybee
foraging. In seasons when these adverse weather
conditions occur, seed production is below the
potential because of lack of pollination.

The requirement for insect pollination causes
additional problems in conducting agronomic
research. Experimental field plot treatments often
influence the time of flowering. For example,
nitrogen fertilizer application in experimental
yield trials generally delays flowering. This results
in different weather conditions for pollination of
the plots treated with nitrogen than for the check
plots.

The confounded data from such experiments
are difficult to interpret. Thus, a self-pollinating
(non-protandrous) L. alba variety would produce
seed with less vulnerability to weather (via lack of
pollination), and would be useful for conducting
agronomic development research free of the con-
founding effects of incontrollable insect pollinator
variables.

7
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703-A 8.4 11.3 13.1 3.9 5.4 8.4
Foamore 55.1 12.8 17.5 11.1 14.0 22.1



Initial efforts to develop a self-pollinating
meadowfoam cultivar at the Corvallis station in-
volved the application of selection pressure on
populations of breeding materials which
theoretically had potential autogamy. Individual-
ly spaced plants of L. alba var. alba and L. alba
var. versi color were caged in 1975 through 1980 to
exclude insect pollinators. Very limited progress
was made toward a self-pollinating variety.

Limnanthesfioccosa Howell is believed to have
originated from L. alba (Arroyo, 1973b), which
suggests the possibility of successful hybridization
of the two species. In 1977, Limnanthes floccosa
ssp. pumila (Howell) Arroyo (P1 283721) and Lim-
nanthes floccosa spp. grandiflora Arroyo, (Arroyo,
1973a) were crossed with five selections of L. alba
(Table 5) with the goal of incorporating the self-
pollinating characteristics of L. floccosa into L.
alba. Limanthes floccosa blooms a month earlier
than L. alba, making it impossible to cross the two
species under field conditions. Daylength and
temperature were controlled for each species so
flowering was synchronized in a greenhouse.
Sixty-four seeds were harvested from the crosses
but only three seeds germinated.

Table 5.
Crosses made between Limnanthes alba and

Limanthesfioccosa, 1977.

* * ssp. grandiflora

Using the same technique in 1978, three
subspecies of L. floccosa [pumila, bellingeriana
(M. E. Peck) Arroyo, and grandiflora] were cross-
ed reciprocally with seven L. alba cultivars and
selections. Seed was not produced from any of the
crosses in which the male parent was L. floccosa.
All crosses using L. alba as the male parent and L.
floccosa as the female parent produced some seed.

Seed from crosses made between L. floccosa
spp. grandiflora and L. alba germinated and those
seedlings were transplanted into the field in
November, 1978, for evaluation as F1 progeny dur-
ing the spring of 1979. Seed from all crosses of L.
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floccosa ssp. pumila and L. alba did not ger-
minate; likewise, there was no germination of seed
from crosses made between L. floccosa ssp. bell-
ingeriana and L. alba.

Limnanthes alba flowers have petals that con-
spicuously exceed the sepals in length at anthesis.
L. floccosa, on the other hand, has petals which
are equal in length to the sepals at anthesis. F1
plants from a cross between these two species
should have intermediate petal length. All 27 in-
dividul plants from the L. floccosa ssp. grandiflora
x L. alba crosses showed this intermediate petal
length (Tables 6 and 7), indicating they were true
F1 hybrids.

Table 6.
Flower characteristics and seed yields of individual F1

meadowfoam plants from OLC-2 (L. floccosa)
x 703A (L. alba) cross, 1978.

Table 7.
Flower characteristics and seed yields of individual

meadowfoam plants from OLC-2 (L. floccosa)
x 77-84 (L. alba) cross, 1978.

Plant
Petal
length

Sepal
length

Seed
yield/plant

(mm) (mm) (gm)
1 12 10 3.91
2 12 10 10.58
3 12 10 6.29
4 12 11 4.62
5 13 12 9.98
6 11 9 7.17
7 12 10 1.70
8 12 10 10.68
9 11 9 2.87

10 12 10 6.45
11 12 10 3.23
12 12 11 3.82
13 13 11 8.73
14 12 10 5.29

Average 12.0 10.2
OLC-2 9 9 2.48
703-A 19 12

L. floccosa
parent

L. alba
parent

No.
crosses

No. seed
produced

No. seed
that

germi-
nated

P1 283 721* Foamore 2 5 0
P1 283 721* ORL 75-60 1 2 0
P1 283 721* ORL 75-64 2 3 0
P1 283 721* ORL 75-66 4 12 0
P1 283 721* A73-367900-3 1 3 0

ORL 7557** Foamore 3 8 0
ORL 7557** ORL 75-60 3 7 1
ORL 7557** ORL 75-64 2 6 1
ORL 7557** ORL 75-66 6 12 1
ORL 7557** A73-367900-3 2 6 0

* ssp. pumila Plant
Petal

length
Sepal

length
Seed

yield/plant

(mm) (mm) (gm)

1 12 11 4.40
2 14 12 22.49
3 13 11 2.40
4 12 10 3.56
5 12 10 11.10
6 12 10 10.30
7 13 11 7.93
8 13 11 4.62
9 13 12 8.20

10 12 11 6.50
11 12 11 7.24
12 13 12 5.40
13 12 10 8.23

Average 12.5 10.9
OLC-2 9 9 2.48

ORL 77-84 15 10 5.25



A portion of the seeds from each of the above
27 F1 plants were germinated in late summer of
1979. Fifty individual plants (grown in peat
pellets) from each of the 27 F1 parents were
transplanted into a space-planted field nursery for
evaluation as F2 segregates during the spring of
1980. Fifteen plants (3 groups of 5 each) from each
of the 27 F1 parents were placed in the greenhouse
for evaluation during the winter of 1979-80.
Flowers on each plant were evaluated for the
degree of protandry by recording dates of anthesis
and stigma maturation. Non-protandrous F2
segregates in the greenhouse were backcrossed to
L. alba to recover the desirable agronomic
characteristics in a self-pollinating plant. Data
from the segregating F2 populations in the
greenhouse were used to focus attention on the
most promising segregates in the 1,350 individual
plants in the field which were evaluated for flower
morphology, plant size and structure, and seed
yield. Some of the plants were open-pollinated and
some were self-pollinated by excluding insects with
cages.

Some F2 segregates in the greenhouse in
1979-80 set seed without insect pollination.
Therefore, F1 plants, from crosses made in the
winter of 1979, also were backcrossed to L. alba in
the greenhouse during the winter of 1980.

The size and scope of the future meadowfoam
breeding program at Oregon State University will
be determined by availability of funding and by
the relative rate of progress made in meadowfoam
oil utilization research. Increasing seed yields
result in greater economic returns for the producer
and/or more competitive prices for the crop. In
either case, higher yielding varieties will enhance
the development of meadowfoam. However, con-
current research on meadowfoam oil utilization
with the goal of market development is needed to
justify an intensive meadowfoam breeding and im-
provement program.

Other meadowfoam breeding work has been
included in research initiated at Davis, California,
in 1972. The purpose of that research was to
"evaluate the Oregon selections for productivity in
California; broaden the genetic resources by larger
collections through wild and agronomic surveys,
and, develop new materials through hybridiza-
tion, selection, and genetic analysis of variation."
The primary objectives were to select for taller,
more competitive plants with higher seed yield,
higher oil content, and a better branching pattern;
and breed for flower seed development in syn-
chrony, and better seed retention (Jam et al.,
1977).

Brown et al. (1979) have described the
variability in 16 populations of L. alba found in
nature in northern California. They noted that
variation in traits such as levels of self-pollination,
growth habit, seed retention, percent oil in the
seed, and fatty acid composition of the seed oil,
suggested the potential use of hybridization be-
tween species and within species to broaden the
genetic base early in the domestication and im-
provement of meadowfoam.

Brown et al. (1979) reported the initiation of
inbreeding and selection experiments to develop
inbred lines for hybridization and selection ex-
periments to recombine desirable traits.
Hybridization work at Oregon State University has
been limited to controlled interspecific crosses for
the development of self-pollinating varieties, and
semi-controlled cross pollination among superior
L. alba selections in isolated space-planted
nurseries. Planned hybridization from specific
superior parents should be initiated for
characteristics such as fatty acid composition of
seed oil when results from oil utilization research
indicate the preferable composition for use in
specifically viable markets.

Agronomic Characteristics
Wild meadowfoam plants generally are un-

suited for field production because:
Plants are too short or grow too close to the
ground for mechanical swathing or com-
bine harvesting.
Flowers of the alba species require insect
pollination to set seed; consequently, seed
set may vary substantially because of
adverse effects of weather on insect
pollinator activity.
Excessive seed shatter may occur before
the crop is mature enough for mechanical
harvest.
Seeds have a secondary dormancy
mechanism which is induced when plan-
ting and water imbibition take place at
temperatures above 16°C (69°F), resulting
in low germination and poor stand
establishment.

The wild populations of meadowfoam are
quite variable in plant characteristics (Brown et
al., 1979; Brown and Jam, 1979). This variation
has provided a basis for progress in selecting for
characteristics favorable for field production,
resulting in the release of improved varieties. In
1967, Calhoun began crop improvement and pro-
duction research in Corvallis, Oregon, on the
above problems to increase yield.

9



Adaptation of Meadowfoam to the Willamette
Valley

The growth requirements of meadowfoam are
well matched to conditions in the Willamette
Valley. The soil temperature and moisture at the
start of the rainy season in mid-October to mid-
November are ideal for the germination and
establishment of meadowfoam. The mild winter
temperatures stimulate continuous vegetative
growth in the rosette stage. Periods with average
daily temperatures below 4°C (40°F) commonly
occur each winter and temporarily limit plant
growth. Plant mortality from heaving of plants
from soil during freezing and thawing has been
observed only occasionally. The higher
temperatures and longer daylength of late
February stimulate additional leaf development
and upright growth. The 12-hour daylength in
March is long enough to initiate reproductive
growth. During April, the leaf area becomes fully
developed and flower buds are formed. Bloom oc-
curs in May and seeds develop during June. The
crop ripens in early July as the seasonal precipita-
tion subsides.

Adaptation to Research
Mason (1952) described meadowfoam as one of

the easiest plants to handle in a laboratory because
it is readily transplanted at any stage of develop-
ment and will grow in a wide variety of soil types.
Some parts of the plant will develop to maturity
even after the roots have been removed. By con-
trolling temperature and daylength, three genera-
tions of meadowfoam can be grown in one year.
This convenience is offset partly by the difficulty
of dealing with insect pollination variables on L.
alba.

PRODUCTION
Adaptation of Meadowfoam to Farming Systems

The practicality of growing meadowfoam in-
stead of annual ryegrass depends largely upon seed
price but also upon the timing of agronomic pro-
duction practices (Jolliff et al., 1981). The seedbed
for meadowfoam can be prepared with the same
equipment used for wheat and grass seed fields.
Timing of the seedbed preparation is not critical
for meadowfoam seeding, but must be done early
enough to precede the fall rains so equipment can be
used on fine-textured soils. Meadowfoam can be
seeded, fertilized, sprayed, swathed, combined,
cleaned, and processed with the same equipment
used for ryegrass seed.
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Planting
A primary goal of the Oregon research on plan-

ting was to develop procedures which would result
in a uniform stand of vigorous plants that give
complete ground cover by late December to early
January.

Seed Germination and Planting Dates
Wild species of meadowfoam differ in the op-

timum temperature for seed germination (Toy and
Willingham, 1966). Most species tested were found
to germinate well in the range of 4 to 12°C.
Temperatures of 16-27°C during the time the seed
imbibed water, caused varying amounts of induc-
ed secondary seed dormancy which can persist for
several months even after temperatures drop (Toy
and Willingham, 1967).

Limnanthes alba displayed secondary dorman-
cy, which increased in frequency with increased
duration of exposure of imbibed seed to 27°C
temperature. The dormancy persists after the
temperature drops; therefore, stand establishment
can be severely hindered. Limnanthes alba P1
283704 was induced into secondary dormancy at
Corvallis, Oregon, by soil temperatures of approx-
imately 18°C. The variety Foamore, which is a
selection from PT 283704, has shown reduced levels
of secondary dormancy. Dormancy prob-
lems associated with high soil temperatures can be
minimized by delaying planting until after mid-
October in the Willamette Valley. Complete
elimination of the dormancy characteristic will
allow earlier planting (at higher soil
temperatures), so that field operations can be com-
pleted before the prolonged fall rains.

Caution should be exercised in planting early
in dry seedbeds because light rains may stimulate
germination without supplying adequate moisture
to support growth until the onset of continuous fall
rains.

Spring plantings are difficult because the
saturated soils prevent timely planting. Also,
substantial yield reductions result from the loss of
growth that occurs during November to March in
fall-planted crops.

Seeding Rates and Row Widths
Meadowfoam has a growth habit which ap-

pears to compensate for substantial variability in
seeding rates. Very low seeding rates (5-10 kg/ha)
should be avoided because isolated plants grow in
a more prostrate manner, which gives a lower
canopy height (Table 8) and reduces harvest effi-
ciency. A complete canopy will be formed much
sooner with row widths of 4 to 6 cm (or broadcast-



1 Average of four replications for each year. Total yield includes
seed vacuumed from soil surface.

2 Means followed by the same letter are not significantly different
at the 0.05 level of probability.

seeded) than with 16- to 18-cm row widths. The
early canopy cover can be advantageous for more
light interception and thus more photosynthesis, as
well as less soil heat loss and heaving in winter.
However, if soil crusting occurs after planting,
closely spaced seedlings in a 16-cm row may
emerge en masse more readily than equidistant
spaced plants. An established stand density of 400
plants/rn2 spaced equidistant should be attainable
with careful planting of high quality seed at 30
kg/ha.

The results of seeding rate trials have been con-
founded by occasional winter injury, the effects of
weather and honeybee pollination on seed set, in-
consistent responses to nitrogen fertility, and
variable seed shattering.

Plant survival with below-average winter
temperatures in Maryland in 1974 was significant-
ly increased as the seeding rate was increased from
11 to 29 kg/ha (Johnson et al., 1980). They did not
detect these differences when winter temperatures
in 1975 were above average. Thus, planting rates
and methods which result in improved ground
cover could be expected to have positive plant sur-
vival effects in the Willamette Valley in some
winters because of reduced heaving.

Seeding rates of 22.4 kg/ha to 44.8 kg/ha have
given adequate stands at Corvallis Canopy
height, and thus ease of harvest, increased with in-
creased seeding rates in 1977 (Table 8). There are
no reports of significantly reduced seed yields in
two or more years from excessively high seeding
rates. In 1975, there were no significant differences
in the total seed yields of plots seeded at the 22.4,
33.6, and 44.8 kg/ha rates (Table 8). It is not
known if the lack of insect pollination limited seed
yields. The 22.4, 33.6, and 44.8 kg/ha rates yield-
ed significantly higher than the 11.2 kg/ha rate in

1975. The highest seeding rates did not cause a
yield reduction, and the seed was as successfully
harvested without loss as at the lower seeding rate
(Table 8).

In 1977, the yields of all plots were dramatical-
ly lower than in 1975. The 1976-77 crop year was
the driest on record at Corvallis. The weather dur-
ing the flowering period was cool and wet, which
resulted in less honeybee pollination and lower
seed set.

Seedbed Preparation
The seedbed for planting meadowfoam re-

quires a fineness and firmness midway between
that needed for wheat and alfalfa. The seed is
small enough to require the fine seedbed for good
seed-soil contact, but too fine a seedbed can result
in soil compaction and crusting.

Depth of Seed Placement
In the wild, meadowfoam seeds germinate on

the soil surface during the rainy season when
moisture is abundant and in continuous supply.
However, mechanical planting of meadowfoam
must be done when the soil is dry enough to sup-
port the weight of equipment. Therefore, since the
seedling is not adapted to emerge from beneath
much soil, the seed should be placed at a depth as
near to the soil surface as feasible (3-8 mm) while
still being covered, but never deeper than one cm.
Proper seed placement prevents seed from moving
with free water on the soil surface, and decreases
the chance for exposure of the seed and seedling to
the more severe loss of moisture at the soil surface.

Fertilization
Meadowfoam seed yields generally have been

reduced by applying fertilizer nitrogen. In seven
fertilizer trials at Corvallis since 1973, nitrogen
fertilizer application at rates of 50-112 kg/ha have
never significantly increased seed yields, In four of
these years, six of seven nitrogen fertilizer
treatments significantly reduced yields (Table 9).
Johnson et al. (1980) reported similar results in
Maryland.

Three nitrogen sources (calcium nitrate, am-
monium nitrate, and ammonium sulfate) were
compared at two rates of application (50 and 100
kg N/ha) at two seeding rates (16.8 and 33.6 kg/ha)
in 1980. Significant yield reductions from nitrogen
application were measured for all sources of
nitrogen (Table 10).

Evidence suggests that meadowfoam should
not be fertilized with nitrogen. Further research is
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Table 8. The effects of seeding rate on plant canopy height,
seed losses at harvest, and total seed yield of Limnanthes alba
variety Foamore in Corvallis, Oregon (portion of data from

Calhoun and Crane, 1978).

Plant Seed loss Total seed yield1
Seeding canopy ht. at harvest

rate in 1977 (1975) 1975 1977

(kg/ha) (cm) (percent) (kg/ha)

11.2 25 33.7 a2 974 a2 510 a2
22.4 29 29.4 a 1050 b 529 a
33.6 31 29.2 a 1167 b 409 a
44.8 34 29.8 a 1167 b 342 a



Table 9. The effects of nitrogen fertilization on meadowfoam
seed yields in eight experiments' at Corvallis, Oregon.

LSD (nitrogen) .05 = 60.8 kg/ha
.01 = 83.3 kg/ha
CV = 13.8%
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Individual experiments cannot be compared because of differences in: germplasm,
previous crop, soil conditions, seeding rates, nitrogen source, honeybee pollination, and
weather.

Split block, random subsampling; LSD comparisons are not appropriate.
significantly different from cheek (0.05 level).

Table 10. The effect of nitrogen and seeding rate on
seed yields of Limnanthes alba (Sel. 703-A),

Corvallis, Oregon, 1980.

needed to characterize the response of
meadowfoam to all fertilizer nutrient elements.

Weed Control
Meadowfoam seed yields are severely reduced

by weed competition. Since meadowfoam is well
adapted to the poorly drained soils which have
grown ryegrass seed in recent years, volunteer an-
nual ryegrass can be expected. Its control, along
with that of other weeds, is essential.

Sixty-three herbicides have been tested on L.
alba at Corvallis Twenty-three of them have been
used at more than one rate or time of application.
Only propachior (2-chloro-N-isopropylacetanilide)
and diclofop [2-[4-(2,4 dichlorophenoxy)
phenoxy]propanoic acid) provided useful levels of
selective weed control. Propachior applied pre-
emergence at 4.4 to 6.6 kg/ha has given the best

broad-spectrum weed control. However, wild
mustard and late germinating annual ryegrass in-
festations can still be a problem in some areas.

Diclofop at 1.12 to 2.24 kg/ha has given ex-
cellent postemergence control of annual ryegrass in
meadowfoam. The diclofop was applied in March
when the meadowfoam and ryegrass were approx-
imately 5 and 20 cm tall, respectively.

Data from two years of field research are
shown in Table 11. Three of the treatments were
broadcast overseeded with annual ryegrass at 9
kg/ha just before planting meadowfoam. Both her-
bicides were individually mixed with water and
applied as broadcast sprays at 46 liter!hectare.

Table 11. Meadowfoam seed yields as influenced by
annual ryegrass competition and the application of

propachior and diclofop.

'Ryegrass was seeded in the nieadowfoam plots at the rate of 9 kg/ha.

The 22.02 inches (559 mm) of precipitation
received during the 1976-77 crop year was the
lowest ever recorded at Corvallis Precipitation
during May was above normal. Fifteen days were
too cold or wet for honeybees to forage during the
22-day flowering period for meadowfoam in 1977
(May 10-June 1). Sixteen days were too wet and
cool for honeybee foraging during the 27-day
flowering period in 1978. As a result of inadequate
pollination and dry soil conditions, the highest
meadowfoam seed yields reported in this study are
less than half the mean yield of selection 703-A for
five previous years at Corvallis

Ryegrass competition reduced meadowfoam
seed yields to 10 percent of the check in 1977 and
37 percent of the check in 1978 (Table 11). Where
the overseeded ryegrass was controlled with pro-
pachlor or diclofop, seed yields were increased 14-
to 20-fold in 1977 and 3-fold in 1978 (Table 11).

In these experiments, weeds which were con-
trolled by diclofop were also controlled by pro-
pachlor. However, propachlor controlled
mayweed (Anthemis cotula L.), little bittercress
(Card amine oligosperma Nutt.), common ground-

Treatment Total seed yield

Fertilizer
nitrogen

Year

1973 1974 1975 19762 1977 1978 1979 1980

(kg/ha) (kg/ha)
1606 853 1534 1186 235 634 750 5920

(Check)
50 1488 178* 590 652* 448*
56 875 1429
67 1077

100 1035* 174* 330°
112 803 1348

LSD05 283 N.S. N.S. 2 39 N.S. 183 61

Fertility
Seeding rate

16.8 kg/ha 33.6 kg/ha

(kg/ha)
576 608Check (no nitrogen)

50 kg/ha N as Ca(NO3)2 485 438
50 kg/ha N as NH4 NO3 463 430
50 kg/ha N as (NH4)2 SO4 437 439
100 kg/ha N as Ca(NO,)2 375 319
100 kg/ha N as NH4 NO3 326 349
100 kg/ha N as (NH4)2 SO4 326 287

Treatment

Seed yield

1977 1978

(kg/ha)
124 524Check (no ryegrass, no weed control)

Ryegrass' (no weed control) 13 193
Ryegrass' + propachlor 4.5 kg/ha 263 640
Ryegrass' + diclofop 1.12 kg/ha 180 562
Propachlor 4.5 kg/ha 208 634
Diclofop 1.12 kg/ha - 553
Diclofop 2.24 kg/ha - 631

LSD0,05 43 123



sel (Senecio vulgaris L.), and henbit (Lamium
amplexicaule L.) that were not con-
trolled by diclofop.

In 1977, the ryegrass plus propachior treat-
ment yielded significantly more than the pro-
pachior alone. The reason for this was not ap-
parent. The ryegrass plus diclofop treatment in
1977 yielded substantially less than either of the
above treatments. Again, the reason for this was
not apparent. Diclofop treatments at 1.12 and
2.24 kg/ha without ryegrass overseeding in 1978
controlled annual ryegrass without significant
yield reduction or noticeable damage to the
meadowfoam plants.

Propachlor at 4.5 kg/ha is an effective broad-
spectrum selective herbicide on meadowfoam.
Diclofop at 1.12 kg/ha gives excellent
postemergence control of annual ryegrass in
meadowfoam.

There is no registration for commercial use of
the above two herbicides on meadowfoam.
However, both materials have been widely tested
and approved for use on food crops. It is an-
ticipated that the development of a significant
meadowfoam market could stimulate interest by
herbicide companies to cooperate with university
researchers in applying for emergency use permits
and possible registration of these compounds.

Insect and Disease Pests
There are no published reports of significant

damage to meadowfoam from insect or disease
pests. Lattin and West (1979) reported that four of
the insects which they collected in and on several
varieties of meadowfoam at the Corvallis research
station represented potential pests based on their
plant associations. These included the spotted
cucumber beetle (Diabrotica undecimpunctata
var. undecimpunctata), a nitidulid beetle
(Meligethes seminulum), the seed bug (Nysius
niger), and a seed-feeding Carabidae beetle
(Acupalpus meridianus). The grey garden slug
(Agriolimax agrestis) was thought to have fed on
young plants in the fall of 1979.

Further research will be needed to determine
how particular insects behave in a meadowfoam
culture, and the population dynamics associated
with the cultivation of commercial fields of the
plant. However, meadowfoam culture at Corvallis
has not been hindered by insect and disease pests.
This is perhaps a benefit of growing a potential
new crop which is native to the region.

Pollination
The first experimentation with meadowfoam

pollination and seed set at Corvallis was done in
1975. A 9 m2 area was caged before bloom to ex-
clude insects. Insect population outside the cage
was considered to be inadequate for maximum
pollination of all the flowers; yet, the seed yield in-
side the cage was reduced 85 percent from that
outside the cage.

In 1976, two 37 m2 areas (one with nitrogen
fertilizer and one without fertilizer) were caged
before bloom to exclude insects. Eight hives of
honeybees were available for pollination of a total
area of 5,500 m2 outside the cages. Plants outside
the cages averaged 2.4 seeds per flower (out of a
potential of 5.0); flowers under the cages averaged
0.4 seeds each (Table 12). Even though less than
three seeds per flower were set outside the cage, it
was speculated that sufficient bees were available
for full pollination. However, in a concurrent
study, increased honeybee colony density increas-
ed seed set (Figure 1). Yet, with 16 colonies of bees
per hectare, seed set was only 59 percent.

Table 12. The effects of honeybees and nitrogen
fertilizer on seed set of Foamore meadowfoam,

Corvallis, Oregon, 1976.

LSD (0.05) = 0.07 seed/flower
LSD (0.01) = 0.10 seed/flower

A third study helped explain some of the
previous results (Figure 2). Meadowfoam pollen
collection was highest on the first day of colony ex-
posure to the blooming meadowfoam, and declin-
ed with time. Apparently the honeybee is attracted
away from the meadowfoam crop. These data
would suggest that colony density data alone are
not necessarily an indication of pollination activity
on meadowfoam, and that it would be necessary
to introduce new colonies to a blooming
meadowfoam field at 3- to 5-day intervals to main-
tain a high level of bee activity on the flowers.

It is not known if there is a significant dif-
ference in the pollination effectiveness of the
honeybees which collect pollen versus the

Number of seeds per flower
Sample
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Treatment A B C D Mean

Caged 67 kg N/ha 0.29 0.36 0.37 0.30 0.33
Caged 0 - N 0.43 0.48 0.51 0.42 0.46
Un-
caged 67kgN/ha 2.29 2.23 2.14 2.25 2.23
Un-
caged 0 - N 2.70 2.61 2.66 2.67 2.66
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Figure 1. Effect of honeybee colony density on percent seed
set in Foamore meadowfoam, Corvallis, Oregon, 1976
(Burgett, 1976).
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Harvesting
Production of meadowfoam on a commercial

scale requires mechanical harvesting. Native
meadowfoam is not well suited to mechanical
harvesting because it tends to be short in stature
with a prostrate growth habit and its seed shatters
before the plant reaches harvest maturity.

Improved meadowfoam lines have been suc-
cessfully harvested on a farm-scale basis in 1980.
The crop was cut with a windrower when approx-
imately 90 percent of the seeds were judged to be
physiologically mature (accumulated maximum
dry matter). Windrowing was done when the
meadowfoam stems were green enough to be
pliable, and early in the morning when dew
minimized the shattering of mature flowers. Care
was exercised at all times to avoid causing seed
shatter. Virtually no shattering occurred during
the swathing operation.

The combine harvest (John Deere 7200 turbo),
using a windrow-pickup attachment, followed
windrowing by 13 days (3-5 day delay because of
rain). The combine was equipped for orchardgrass
and ryegrass seed harvest. The threshing was ac-
complished by operating the machines as follows:
ground speed, 1.7 km/hr (slowest setting);
cylinder, 7 sets of teeth and 1,200 rpm (maximum
speed) at the closest cylinder clearance possible;
fan, 600 rpm, and both sieves completely open.
The loss of meadowfoam seed through the com-
bine was measured in one sample (8 kg/ha). More
research is needed to refine the techniques of
harvest, but no serious harvesting problems are
apparent.

MEADOWFOAM SEED MEAL - A
FEEDSTUFF

The economic potential of producing
meadowfoam as a crop would be increased if the
extracted meadowfoam meal (MFM) were useful
as a feedstuff for domestic livestock. Throckmor-
ton et al. (1981a) and Throckmorton et al. (1981b)
have evaluated MFM as feedstuff for broiler chicks
and weanling rabbits, and sheep, respectively.

Poultry and Rabbits
Three experiments were conducted to evaluate

meadowfoam meal (MFM) as a feedstuff for
broiler chicks and weanling rabbits. In Experi-
ment 1, chicks were fed diets with 30 percent of
the dietary protein supplied by raw, steam-cooked
(SC), SC plus 3 percent sodium carbonate (SC +),
or aqueous acetone extracted (EXT) MFM.
Weight gains and feed efficiency were severely

100 S a
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as a percent of the

total pollen collected
70
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Figure 2. The effect of time after first exposure of honeybee
colonies to blooming meadowfoam, on meadowfoam pollen
collection, at Corvallis, Oregon, 1976 (Burgett, 1976).

honeybees which collect nectar. No data are
available to suggest what is required to guarantee
that pollination is not limiting seed set in
meadowfoam. Additional research of this type
may be necessary to gain an accurate under-
standing of the interactions of honeybee pollina-
tion and seed yield in meadowfoam.

162 5 8

Honeybee colonies/hectare



depressed (P < 0.01), with 60 percent mortality for
birds fed the raw MFM, primarily because of
refusal to consume the diet. Performance of other
treatments was similar to the control. Liver and
thyroid weights at 6 weeks were increased
(P<0.01) on SC and SC + MFM diets, but organ
weights on EXT-MFM were similar to controls. In
Experiment 2, chicks were fed diets in which SC-
MFM isonitrogenously replaced 50 percent of the
soybean meal in the control diet. Treatmentswere
dietary additions of iodine, iodinated casein, and
lysine. Weight gains and feed efficiency were
reduced (P<0.01) on all diets containing SC-
MFM. Performance on SC-MFM without dietary
additions varied less than 0.5 percent between Ex-
periment 1 and 2. Liver weights were increased
(P<0.01) on all diets containing SC-MFM, and
thyroid weights were increased on all treatments
(P <0.01) except for the iodinated casein addition,
indicating that iodinated casein was effective in
overcoming the goitrogenic effect of MFM. In Ex-
periment 3, weanling rabbits were fed diets in
which raw MFM replaced 25 and 50 percent and
SC-MFM replaced 25, 50, 75, and 100 percent of
the alfalfa and soybean meal in the control diet.
These levels corresponded to 20, 40, 60, and 80
percent of the dietary protein being supplied by
MFM. Weight gains were similar to controls when
SC-MFM was added at the 25 and 50 percent
replacement level, but decreased 12 and 29 per-
cent (P <0.05) at the 50 and 75 percent levels. Per-
formance was very poor at the 100 percent
replacement level because of a reluctance to con-
sume the diets. At the 25 and 50 percent replace-
ment levels, raw MFM decreased weight gains by
18 and 26 percent (P <0.05) compared to controls.
The results suggest that rabbit performance is also
improved by steam-cooking MFM, although the
differences between raw and SC-MFM were not as
dramatic as in broiler chicks. In short term feeding
trials, SC-MFM appears to be a satisfactory
feedstuff for broiler chicks and weanling rabbits
when incorporated at moderate dietary levels.

Lambs
Four experiments were conducted to evaluate

MFM as a feedstuff for sheep. In Experiment 1, a
digestion trial with lambs, comparing raw and
steam-cooked (SC)MFM with cottonseed meal
(CSM), indicated that raw MFM reduced

(P < 0.01) the apparent digestibility of energy, dry
matter, crude protein, acid detergent fiber, and
ash by 4, 6, 8, 52, and 55 percent, respectively.
Steam-cooking caused additional (non-significant)
reductions of all values except fiber and ash. In Ex-
periment 2, a growth trial with lambs, comparing
diets in which raw MFM replaced 50 or 100 per-
cent of the CSM in the control diet, there was no
reduction in weight gain or feed efficiency at
either replacement level. In Experiment 3, a
finishing trial comparing MFM and CSM as the
supplemental protein source, there were no dif-
ferences in weight gain or feed efficiency, but a
slight improvement in dressing percentage
(P<0.05) on the MFM diet. Thyroids, livers, and
kidneys from these lambs were histologically
evaluated. In Experiment 4, ewes which consum-
ed raw MFM during the last 7-9 weeks of pregnan-
cy showed no differences in serum thyroid hor-
mone values compared to controls. However, one
ewe gave birth to a lamb with definite goiter after
9 weeks on the MFM diet. The results of these ex-
periments indicate that raw MFM is a satisfactory
feedstuff for growing lambs when used at
moderate levels, but should not be fed to pregnant
ewes until further research can resolve the question
about goiter in newborn lambs.

SUMMARY
Meadowfoam's adaptation to wet lands in the

mid- to southern Willamette Valley makes it an at-
tractive potential new oilseed crop. The unique
composition of the oil has led to suggestions that its
utility in the industrial oil market could become
economically profitable. Domestication and
agronomic development for commercial scale pro-
duction have been accomplished at Oregon State
University. The oilseed meal can be used in certain
feedstuff applications.

Additional research and development are
needed in nearly all aspects of meadowfoam
development. Special attention is needed for in-
creasing seed yields, and oil utilization research to
capitalize on its unique composition.

Historically, the methods and rates of crop
development have been generally unpredictable.
There is no evidence to suggest that it will be dif-
ferent for meadowfoam.
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MEADOVVFOAM (Limnanthes a/ba)

A field of meadowfoam in full bloom gives the appearance of a white foam-covered field. It is being
studied as a potential new crop for the poorly drained soils in the Willamette Valley of Oregon.

Meadowfoam is a winter annual with a shallow,
fibrous root system (above plants are 8 weeks old).
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Seeds (nutlets) contain 20-30 percent oil which has
unique composition and is considered potentially
useful for industrial products.
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It is adapted to the very poorly drained soils of the Willamette
Valley floor, and grows during winter when the temperature is
above 400F(5cC).

r

Each flower can produce as many as five seeds. Insect Meadowfoam is 10-18 inches (25-45 cm) tall at maturity.
po!lination is important for seed set in some types.
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October plantings in 6-inch (15 cm) rows can give complete
ground cover by February or March in the Will2mette Valley.

'2'

Timely cutting, and proper combine adjustment are critical for a Meadowfoam residue is sparse and low in fiber. Pulverization
successful harvest. during harvest leaves a clean field.


