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Introduction 

The Linmanthaeeae, a small family of 
flowering plants native to North America, 
has but two genera. Floerkia, monotypic 
with F. proserpinacoide.~ Willd., is wide- 
spread across northern United States and 
Canada and does not concern this report. 
Limnanthes is endemic to tile Pacific Coast 
and, according' to Mason's monograph (7), 
consists of eight species with eleven varie- 
ties. They are all winter-spring annuals, 
many of them forming showy "banks" or 
masses of' white flowers along the streams 
and s t a l e s  of the meadowlamts, whence the 
common name "meadow foam" (Fig. 1). 
Generally they are low, diffuse herbs with 
several to many stems from the base (Fig. 
2). In  open stands, they are low and spread- 
ing; but when bunched in dense stands, they 
are erect on longer stems with interlacing 
crowns. Two of them, L. flo(,cosa vat. lm- 
mila (ttowell) C. T. Mason and L. floccosa 
var. bellingeriana. (Peck) C. T. Mason, are 
rare endemics, each known from single small 
localities in southern Oregon. L. ~,,counii 
Trel. of Vancouver Island, British Colombia, 
is thought to be extinct. Mnny populations 
of other species play a conspicuous par t  in 
the California natural wild flower display; 
hut as the warm, dry spring advances they 
fade away, overtopped by grasses and other 
herbs, going to seed in(.onspieuously. 

The Limnanthaceae, according to Itutch- 
inson (5; p. 496) mid other systematists, 
helongs in the order (leraniales and is dis- 
tinguished from the (leraniaeeae l)y lack of 
stipulcs. Other distinguishing characters (1t; 
the Limnanthaceae are annual habit, dis- 
sected leaves, 3-5-merous perianth, 6-10 free 
stamens, superior gynoecium of 3-5 distinet 
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Fig. 1. L. douglasii var. nivea near Calistoga, 
California, May 1, 19(;2. 

ovaries which mature as 3-5 one-seeded nut- 
lets. Limnanthes and Floertia can be dis- 
tinguished by tile 5- (rarely 4-) merous 
flowers of tile former and the 3-merous 
flowers of tim latter. 

This family of plants first came to the 
attenti<m of botanists durino' 1831 and 1832, 
when David Douglas visited the California 
eoast. He to()k collections to England, and 
I~ohert Brown named the first Limnanthes 
after l)ouo'las in ]833. Plantings of seeds 
were successful, and Limnanthes douglasii 
R. Br. was subsequently widely disseminated 
as an ornamental in northwestern Europe 
:rod North America. I t  is still offered in 
seed catalogues from horticultural stocks ap- 
parently originating with Douglas' original 
introduction. The wide dissemination of this 
species, one of the nmst hydrophytie in the 
genus, demonstrates its suitability to culti- 
vation. L. douglasii is more vigorous in 
gardens than in its native marshes and 
meadows. 

The systematics and nomenclature pro- 
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posed by Mason (7) are followed in tiffs 
paper. A list of his taxa is provided below 
h) simplify and clarify the following text. 
t{owever, it  is the writers'  opinion that fu- 
ture investigations would modify Mason's 
concept of species and varieties. For  in- 
stance, LimnantI~es gracilis var. parishii ap- 
pears more like a sibling species with L. 
gracilis vat. gracilis, rather than a variety 
of the latter. Mason's treatment, however, is 
consistent with the criteria he developed and 
represents a most useful clarification over 
treatments accorded the genus in earlier re- 
gional floras. 

Mason recognizes the following taxa : 
Section Reflexae 

Limnanthes do,glasii R. Br. v'tr. douglasii 
LimnantI~es douglasii var. s , lph ,rea  C. T. 

I~imnanthrs do,glasii x,~lr, nicea C. T. 
Mason 

Limnanthes douglasii var. rosea (Benth.) 
C. T. Mason 

Limnanthes striata Jepson 
Limnanthes bakeri J. T. Howell 
Limnanthes nmco,nii  Trel. 

Section Iuflexae 
Limnanthes gracilis tIowell var. gracilis 
Limnanthes graeilis vat. parishii (Jepson) 

C. T. Mason 
Limnauthes montana Jepson 
Limna.thes alba Benth. var. alba 
Limnanthes alba var. versieolor (Greene) 

C. T. Mason 
Limnantbes floecosa Howell var. floceosa 
Limnanthe.q floecosa var. bellingeriana 

(Peck) C. T. Mason 
Limnanthes floecosa vat. pumila (Howell) 

C. T. Mason 

Ohemistry and Industrial Uses 

Oil from seed of Limnanthes is unique. 
Essentially all of its constituent fat ty  acids 
arc of higher molecular weight than the 
acids of the common domestic vegetable oil% 
and the acids, when unsaturated, are unsat- 
urated at an unusual location in the mole- 
cule. Such oils as those from cottonseed 
and soybeans are ahuost entirely triglycer- 
ide esters of fa t ty  acids that contain 16 or 
lS carbon atoms. The unsaturation occur- 
ring in these oils is at the 9th; 9th and 12th, 
or 9th, 12th and ]5th carbon atoms, count- 
in?.' from the carboxyl end of the molecule. 

Fig. 2. L. do,glasii vat'. nivea (By permis- 
sion of C. T. Mason from Univ. of Calif. Publ. 
Bet. 25: 478, 1952). 

Rapeseed and mustard oils are exceptions to 
this almost exclusive occurrence of 16- and 
IS-carbon acids and contain, in addition to 
the common acids, up to 50% of a 22-carbon 
acid, erucic acid, unsaturated at the 13th 
carbon atom. In Limnanthes oil, however, 
~lt least 95% of the acids present are 20- 
and 22-carbon acids, and the unsaturation is 
primarily at the 5th carbon atmn and also, 
in some instances, at the 13th carbon atom. 

Three of the four fat ty  acids that com- 
prise the major portion of Limnanthes oil 
were unknown before the recent chemical in- 
vestigations at the Northern Regional Re- 
search Laboratory on oil from L. douglasii 
(1, 3, 10). The unique character of the oil 
and the three new acids prompted this bo- 
tanical survey of the genus and the expanded 
chemical research now in progress at the 
Southern Regional Research Laboratory at 
New Orleans on utilization of Limnanthe.~ 
as ~, new oil seed. 

In  all of the Limnanthes species obtained 
for testing, the seed oil comprised the same 
fa t ty  acids but in varying proportions. The 
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major  component, a 20-carbon acid unsat- 
urated at carbon 5, ranged in amount from 
52 to 77% of the total acids. A second new 
component, a 23-carbon acid also unsat- 
urated at carbon 5, was not separated from 
erucic acid by the chromatographic equip- 
ment used for analysis; the sum of the two 
ranged from 8 to 29%. The third new acid. 
a 22-carbon acid uusaturated at both the 5th 
and the 13th carbon atom, ranged from 7 to 
22%. In  Fig. 3, the structures of the three 
new acids are illustrated. 

The only comparable source of such a high 
concentration of 20- and 22-carbon straight- 
chain compounds is the liquid wax from 
seed of " jojoba" (Simmondsia chinensis). 
This material is not a true glyceride oil, in 
which three fa t ty  acid molecules are com- 
bined with one molecule of glycerol, but con- 
sists of molecules in which one fa t ty  acid is 
combined with one long-chain fa t ty  alcohol. 
By using well known chemical reactions al- 
ready commercially practiced, Linmanthes oil 
can be converted in good yield to a prod- 
uct substantially identical to liquid jojoba 
wax (9). Thus, all the proposed uses, about 
which some investigators have been enthu- 
siastic (2, 4, 6), for  jojoba wax are equally 
applicable to derivatives that can be pre- 
pared from Limnanthes oil. Catalytic hydro- 
genation of the oil or liquid wax derived 
from it provides solid waxes that  have good 
hardness and rather high melting points and 
may prove useful in wax formulations sim- 
ilar to those employing earnafiba and ean(h,- 
lilla waxes or in conjunction with them. 
Limnanthes oil may also find special appli-  
cation in the preparat ion of such products 
as lubricants, detergents, and plastieizers. 

The unique location of unsaturated bonds 
in the Limnanthes acids affords another fo- 
cus for chemical research. Not only may 
this structural isomerism contribute different 
physical propert ies to Limnanthes deriva- 
tives, but the location of this double bond so 
(.lose to the acid grouping in the moleeuh, 
may make possible the synthesis of (.heroical 
derivatives otherwise impossible or at least 
much more difficult of accomplishment. 

The Limnanthes seed contains 20 to 33~/o 
oil and 15 to 25% crude protein. Lysine 
and methionine are present in the protein 
of L. d,,~(qhl,~ii (11) in amounts comparallle 
to tllose in legumes, so the meal may lind 

use as a feed component. Sulfur-containing 
glucosides similar to those found in the Cru- 
ciferae occur in all samples analyzed, and 
should be investigated to determine their ef- 
fect on nutritional quality of the meal. 
Details of the chemical compositional inves- 
tigations of the various species described in 
this paper  will be reported elsewhere (8). 

H2C-OC(CH2) 3CH=CH(CH2) IBCII B 
cl._2- 5-elcosenolc- 

0 
Ii 

H( .oc-  (cH2) 3c~c~(c~)15cH3 
cis-5-docosenoic- - 

H2C - O,C (CH2) 3CH: .CH(CH2) 6CH=CH(CH2) 7CH3 
cls- ~ ,.c 1__ss- 13-docosadienolc 

0 

Fig. 3. llylmthctical glyccride molecule of 
l.imn~l~thes oil showing its three new COl,Slitu- 
ent fatty acids in ester form. 

D i s t r i b u t i o n  a n d  E c o l o g y  

The natural area or range of Limnauthes 
is confined to the coastal side of the Cascade- 
Sierra .Nevada Range (Fig. 4). The annual 
average 1)recipitation is from 15 inches ill 
the drier parts of the central valley to about 
50 inches oil the forested slopes of the Coast 
Ranges. Eighty percent or more of the rain 
falls during the cool seasons. Several of the 
varieties at higher elevations may be topped 
with snow during their early stages. Thus, 
Limm~nthes gernlinates and grows through 
the cool moist portion of the year and rap- 
idly matures and dries out during the 
drought . f  late spring and early summer. 
Mason (7) reports that len~'tlwnin/ days 
rapi:tly l )ro, , . te  t l l )W(q' i l[~ '  o n  ('VPII y ( ) u n ~ '  

l)lant~. 

All species and varieties of Limnanthes 
appear  to require abundant moisture for 
germination a~,d wet to nloist soils through- 
out their growth period. However, the sun- 
(h'y varieties occupy a wide range of sites 
and soil types. Those in the wet meadows, 
such as L. douglasii, arc hydrophytes, where- 
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Fig. 4. The natural range of Limnanthes, 
excluding L. macounii on Vancouver Island, 
British Columbia. 

as others on porous, quick-drying soils, such 
as L. floccosa and L. alba, are relatively 
xerophytic, flowering and setting seed on the 
last of the seasonal soil and stem moisture. 
These latter appear  to have about the same 
water requirements as dry-farmed winter 
grains. 

The soils in which Limnanthes grows are 
usually acid with p H  ranging from 5.5 to 
6.7, as determined with a portable field kit. 
One exception is the Oregon population of 
L. graeilis var. gracilis found growing in 
coarse alluvial soil with a p H  of 7.2. L. 
douglasii var. rosea grows about the vernal 
pools of the Sacramento Yalley. The soil is 
alkaline probably because of the salt accu- 
mulation in such basins, but no 1)It tests 
were made. The relative acidities of soils 
where species of Lino~a~tbes grow are shown 
in Table 1 together with other environ- 
mental factors. In  general, the relative mois- 
ture requirements are indicated by grading 
the series from top to bottom as hydrophytie 
to xerophytic. 

During field work, the senior author was 
impressed by the correlation of varieties 
with narrow habitats. Mason's work did not 

consider the micro-ecology involved, so a 
brief summary of observation is given here. 

Swampy meadow plants are well repre- 
sented by L. bakeri, known only from Wil- 
lets Valley, California, and the wide-ranging 
varieties of L. douglasii, (do~glasii, sM- 
phurea, rosea~ and nivea.). The last is rep- 
resented by at least two eeotypes. One is 
abundant in Napa County as a hydrophytc 
with long stems and reflexed sepals, spilling 
nutlets early. The other eeotype is a meso- 
phyte prolific in the fields of Willets Valley 
with shorter stems, more diffused branching, 
and inflexed sepals tending to retain the 
hurlers. 

L. douglasii var rosea is another striking 
example of genetic tailoring for  a tight en- 
vironmental fit. This plant  meets the re- 
quirements of a short growing season with 
a minimal rainfall,  about 15 inches, by grow- 
ing at the edge of vernal pools. I t  achieved 
this adaptat ion not by increasing drought 
tolerance, but by escaping drought with 
early maturation of seed. 

Other communities of Limnanthes oc('upy 
the banks and gravel bars of the small in- 
ternfittent streams of the Sierra Nevada 
foothills. They consist mainly of L. striata 
and L. alba var. verslcolor. The ranges of 
these taxa overlap, but being in different 
sections of the genus, they do not hybridize. 
As the small streams dry in the late spring, 
growth is terminated, and the plants rapidly 
nmture their nutlets or, in drier seasons and 
sites, wither away in flower without seed. 
Placer mining and local diversion of streams 
appear  to have eliminated many former pop- 
ulations of these two plants. 

L. gracilis var. gracills of southern Ore- 
gon is a mesophyte found on a variety of 
sandy loams and alluviums of the open mead- 
ows and fields of the valleys. I t  has also 
been reported on serpentine by Mason (7). 
I t  appeared to receive about the same 
amount of precipitation and to occupy the 
S~lne kind of sites as the northern ecotype of 
L. douglasii var. nivea in Willets Valley. 

The several montane varieties include L. 
graeilis var. parishli of the Cuyamaca Moun- 
tains in southern California, L. montana of 
the middle Sierra Nevada area, and L. floc- 
eosa var. bellingeriana of southern Oregon. 
L. gracilis var. parisbii was observed only 
upon the open sandy loams of the highland 
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pastures about Lake Cuyamaca. Because of 
the cool highland, this variety has a rather 
long growing season, does not mature nmch 
seed until June, and often flowers diffusely 
in moist swales up to June 1. A prostrate 
late-blooming form and a more ere('t early- 
flow~ring form were noted. 

L. montana was observed only on the 
moist shady slopes and shady stream banks 
in the rather open oak-pine transition zone. 
I t  is unusual in the genus in frequenting 
shady situations. 

L. floccosa var. pumila and L. floccosa 
var. bellingeriana both grow on open clay 

Table 1 
Same ecologic features of Limnanthes varieties 

Soil Altitud% 
Species or Variety Site Preferences pH ft. 

Seeding Dates 
1962 

douglasii Wet, heavy, meadowland 
clay loams 

5.8 5O-lOOO May 20-30 Cal. 
6.8 June 1-10 Ore. 

su lphurea  Wet, dark, meadow clays 6.0 50-200 May 25-June i0 

bakeri Wet to moist meadows with 
heavy to light clay losms 

6.2 1500 May20-30 

nivea (Napa Co.) Wet clay loams and 
alluviums of bottcmlands 

6.6 50-500 May 15-25 
6.8 

rosea Heavy clays of vernal pool 
margins; pasture bogs 

50-300 April 15-25 

striata Wet to moist riparian 
gravels 

500-1500 May 1-10 

versicolor Wet to moist riparian 
sands and gravels 

6.0 5OO-lOOO ~v i~-20 

nivea (;lillets) Moist loamy slope and 
fallow fields 

1200- May 15-30 
1500 

montana Moist rocky shade slopes 6.4 2500- 
and riparian sands and 6.4 4000 
gravels 

May 20- 
June i0 

5racilis Sandy and alluvial loans 6.4 lO00- 
in meadow slopes and fields 7.2 1500 

June 1-10 

parishii Moist sandy loams on meadow 6.0 2000 
slopes and swales 4500 

June 1-20 

pumila About vernal pools on 5.8 2000 
volcanic meadow 

~,m~v 5-20 

bellingeriana Open volcanic pineland 6.0 4000 
4500 

June 1-15 

alba Sandy and silty loams on 6.2 50-500 
slopes and cultivated fields 

5-3O 

floccosa Sandy upland slopes and 5.5 300-1000 April 25-30 
alluviums 
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soils derived from volcanic rocks. They are 
very rare, small plants 3 to 5 inches tall 
with balled calyces, growing scattered in 
very limited localities. The lat ter  is known 
only from a colony scattered over about two 
acres between Mountain u  and Lincoln, 
Oregon. 

L. floccosa vat. floccosa and L. alba var. 
alba appear  to require less moisture than 
other species of Limnanthe.% The former 
was observed only upon the open slope soils 
derived from sandstone and volcanic rocks. 
These soils dried rapidly,  bringing on cessa- 
tion of plant growth in late April .  

L. alba var. alba was abundant over the 
rolling valley bench lands from about Sae- 
ramento to Chico. These bench lands haw, 
light sandy soils and are frequently planted 
to dry-farmed grains. Although the colonies 
were thickest and rankest through the swales, 
this eeotype showed a strong successful re- 
sponse on the slopes, especially where grain 
was thin (Fig.  5). Growth and seeding pe- 
riods closely approximated those of oats and 
barley. As these cultivated lands are a new 
habitat scarcely 100 years oId, L. alba var. 
alba appears  to represent a contemporary 
ease of rapid evolution. This adaptive pl)- 
tentiaI suggests that L. aIba var. alba wouhl 
perform well under cultivation. 

Seed Production 
Contrary to expectations, seed i)roduction 

in the wihl was heavy or copious. Seeds 
t)rodueed on individual plants varied hy 

Fig. 5. L .  a l b a  var. a l b a  on  "l falh)w grain 
fieh[, Sacramento ('ounty, ( 'aliforlSa, April, 
1962. 

count from 20 to 50 on depauperate and 
closely colonial plants to as many as 1000 
per plant  on large diffuse uncrowded indi- 
viduals. Some of the heavier yielding or 
denser stands of Limnanthes were noted 
quantitatively from measured quadrats. 

45 sq. ft. of L. Bakeri 1.75 lb 
300 sq. ft. of L. d. nivea (Willets) 5.0 lb 
200 sq. ft. of L. d. nicea (Calisto~'a) 4.5 lb 

72 sq. ft. of L. d. rosea ].5 lb 

Extrapolated to an acre basis these yields 
would be respectively, 1700, 725, 980, and 
900 lb per acre. 

Although five nutlets to a flower is the full 
complement, two, three, or four occur just 
as frequently. Reduction of the full comple- 
ment apparent ly  is due ordinarily to lack of 
pollination. With fewer nutlets, the nutlet 
size increases, and this appeared to be the 
main factor in relative seed size within a 
given variety, tIowever, the seeds of 
L. douglasii var. douglasii average consider- 
ably larger than those of most other varie- 
ties, and there are presumably genetic fac- 
tors controlling seed size. 

Seed retention on the maturing plants is 
of prime importanee in considering harvest. 
In  most members of the seetion Inflexae, the 
seed is retained indefinitely on the drying 
plants;  whereas members of the Reflexae 
drop their seeds early and late during mat- 
uration. In  members of the former section. 
the seed may be retained by adherence of 
the nutlet to the receptaele or by the in- 
curved perianth segments. Seed retention is 
especially pronounced in the fuzzy-headed 
L. alba var. alba and L. floccosa var. floe- 
cost,, and the nutlets were difficult to sep- 
arate from the heads by hand methods. 
However, in L. flo(~cosa var. floecosa the 
heads are highly eadueous because of an 
abscission layer below the heads, so that 
seed retention by the receptacle is negated 
by early head-fall. In ilther varieties of the 
hq'h'xae g'roup, however, seed retention is 
good and one could wait for complete nutlet 
maturation before harvesting. The members 
of this section, therefore, are to be pre- 
ferred as new crop prospects. 

In members of the Retie.roe, seed reten- 
tion is poor. Nutlets froln the first-formed 
flowers fall while later flowers are still devel- 
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oping', lu collecting seed, it was necessary 
to pull tim maturing plants and let then, 
dry out on canvases, where the falling seeds 
aeemnulated. I t  is estimated that 10 to 20% 
of yield was lost or curtailed in collecting 
seed of the Reflcxac. 

Seeding characteristics and habits of these 
plants as they pertain to ease of harvesting 
are compared in Table 2. 

Summary 
A season of observation and note-taking 

on Limnantl~es from flowering to seeding, or 
mid-April through June, t'ound nothing t,, 
discourage economic interest in this group 
of plants. The environments of the species 
and varieties, .flttmugh correlatively variable, 
all indicate the genus requires a cool, moist 
growing season and lnatm'ation during the 

h'ngtheuing d~ys os spring. Wtfile incipient 
difficulties are to be expected in such areas 
as germination and wood control, Lim- 
nanthes shows many features of hopeful 
&aracter for new crop research. 
1) Its annual nature makes it suitable for 
cash crop manipulation. In  crop regimes, its 
growth and llarvest period coincides closely 
with the winter grains, and it may be con- 
sidered as a potential replaceinent for sur- 
pluses in this commodity field. 
2) The wide dissemination of Limnanthes 
do~qqlasii in garden culture and local advent- 
ism on disturbed soils by other members of 
the genus indicate adaptability to culture. 
3) Short life cycle and genetic pliability in- 
dicate that plant breeding could rapidly de- 
velop selections with high oil yields suitable 

Table 2 
Relative qualifications of species and varieties of Limnanthes as 

seed crop prospects 

Species or 
Varlet 7 

gracilis 

alba 

nivea (Willets) 

montana 

nivea (Calist.) 

bakerl 

dou61asii 

versicolor 

parishii 

floccosa 

rosea 

pumila 

striata 

bellingeriana 

H20 Seed 
Habit Requirement Yield Retention 

Good Medi~ GoOd Fair 

GoOd Light Good Excellent 

GoOd Medium Good Fair 

Good Medium Good Fair 

Good Heavy Good Poor 

Good Heavy GoOd Poor 

Good Heavy Good Poor 

Fair Heavy Fair Poor 

Poor Medium Good Good 

Good Light Light Poor 

Fair Heavy GoOd Poor 

~air Medium Light Good 

Fair Heavy Light Poor 

Poor Medium Light GoOd 

% Oil 

28.8 

26.8 

30.4-33.2 

25.8 

26.1 

25.6 

24.0-29.8 

30.9 

33.3 

28.3 

20.0-21.7 

29.0 
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to a wide range of soils. Inter-sectional 
crossing has a l ready been demonstrated. 

4) Product ion in wild populat ions shows a 
very high rat io of seed bulk to plant  bulk, or 
a high efficiency in the synthesis of hydro- 
carbons. Total  seed yield in wild stands was 
general ly found to be good. 

5) Most of the pre fe r red  characters in the 
genus are found in members of the I n -  
f lexae: better  seed retention, lower water  
requirements,  pre-adapta t ion to cultivated 
lands, and slightly higher oil content. None 
of these variet ies have yet  been tried in cul- 
tivation. 

6) The chemical structure of the oil indi- 
cates a large potent ial  use in several indus- 
trial markets.  
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