The Culture of False Hellebore

Veratrum plants and seeds have winter dormancy which
is relieved by cold. The germination behavior, storage
life of seeds, requirements for nursery culture and possi-
bilities of vegetative propagation are described in this
article—also the habits of several species in the wild.

CARL A. TAYLOR!?

Considering the extent to which sev-
eral species of Veratrum are collected
and used commercially, there is sur-
prisingly little information in the litera-
ture concerning where, how or whether
they could be grown as a cultivated
crep.

Roots of the white false Hellebore
(V. album), supplied mostly from Eu-
rope, have long been employed as an
insecticide, though this use has dimin-
ished with the introduction of better
chemiceal insecticides. The American or
green false hellebore (V. viride (Ait))
has long been recognized as a drug
plant.

Veratrum viride contains a complex
of numerous alkaloids and glucosides,
some of which have useful hypotensive
properties plus others that are highly
toxic. Due to the varying composition
of this complex. the plant was not
widely used in the medical profession.
However,- extensive research on the
pharmacology of the individual compo-
nents by the Riker Laboratories and
earlier workers led to the introduction in
1950 of “ Veraloid 7, a uniformy mixture
of the more hypotensive alkaloids. This
work is well documented in the litera-
ture which is not cited here because it
is outside the scope of this paper.

The taxonomic literature is replete

1 Formerly with Riker Laboratories, Inc., Los

Angeles, Calif., now Research Agriculturist for
Barnett Laboratories, Long Beach 5, Calif.
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with deseriptions of the above-ground
portions of Veratrum speecies and gen-
eral descriptions of their habitats. How-
ever, little has been reported on the eco-
logical factors responsible for their
distribution, their feral reproduection,
ontogeny or the morphological charac-
teristics which would dictate methods of
propagation suitable for culture. Agnes
Arber’s (1) book on the morphology of

monocotyledons pictures the under-
ground portions of V. viride. Youngken

(6) studied the anatomy of 1. wvwride
and V. Eschscholtzit A. Gray and de-
seribed  distinguishing features in the
roots.

The present investigations were con-
fined to V. viride, V. Eschscholtzii, V.
fimbriatum A. Gray and V. Californicum
Durand. V. viride inhabits moist loca-
tions in the eastern United States where
winters are severe. It is a pasture weed
in some areas around Quebee, Canada,
and in the New England States, and ex-

tends southward in the Appalachian
mountains into North Carolina and
Tennessee. There are anomalies in its

distribution, however, which cannot be
explained on the basis of climate, soils
or moisture supply. Its alkaloid content
is correlated positively with latitude.
V. Eschscholtzii, a species very closely
related to V. viride and considered by
some taxonomists to be a western eco-
type of V. viride, is found in the Hud-
sonian Zonc from the Bering Sea and
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coastal ranges of Alaska through British
Columbia into the higher elevations of
Washington and on Mt. Hood, Oregon,
thence castward into Idaho and Mon-
tana. It is confined to moist but well-
drained sites within a rather narrow al-
titudinal belt from the timberline to
slightly lower. Some of the author's ob-
servations covering the typical and some
exceptional sites are quoted in Dr.
Youngken’s paper.

1. fimbriatum is eonfined to & narrow
strip of coastal California from Ft.
Bragg southward to Ft. Ross, a distance
of only about 60 miles and one to three
miles wide. It extends from sea level to
a few hundred fect clevation. While its
vegetative tops resemble those of the
other =pecies, itz showy fragrant flowers
and large suceulent and wingless seeds as
well ax its adaptation to a special elimate
seem to indicate evolutionary changes not
shared by any of the other speeies. The
climate of its limited habitat involves
moderate and very uniform tempera-
tures.  Mean daily maxima during June
through November are within the range
61° to 65° F., and during Deccmber
through February 51° to 59° F. Mean
daily minima June through November
are within the range 47° to 50° F., and
during January and February 36.4° to
40.3° F. Light freezing in winter or day
temperatures higher than 70° F., in
summer are infrequent. The species’
adaptation to the mild elimate and long
growing season have important implica-
tions with respect to possibilities of in-
trodueing it in to cultivation.

V. Californicum is well deseribed in
the literature. While the distribution is
characteristically in moist loeations at
altitudes providing six months or more
of snow cover. a number of strains were
found at places near sea level where
winters are mild. This variation was of
little interest in the present investiga-
tions because the species lacks hypo-
tensive alkaloids.
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Sexual Propagation

Bailey's (2) comment that Veratrum
1s readily propagated by seeds or divi-
sion is an oversimplification. Personal
correspondence with people who have
tried to grow it in quantity from seed
indicates that the attempts have been
partial to complete failures. Multipli-
cation of the ecrowns is zo slow that
propagation by division is quite im-
practical.

Dormancy. The sceds and rootstocks
of Veratrum have pronounced winter
dormaney, requiring prolonged cold be-
fore resuming growth in spring. The
sceds have embryo dormaney similar to
that of many speeies native to cold cli-
mates.  Relief  from  dormaney by
“after-ripening ' i1s  accomplished by
holding the rootstocks or seeds in moist
acrated media at temperatures a few
degrees above freezing.  The optimum
temperature and period vary by species
and arc somewhat correlated with the
species’ native habitats.

Youngken (6) reports obtaining only
8% germination during 11 months after
planting untreated seeds of V. viride,
and no germination of untreated T
album seeds within 15 months. V.
viride seeds held for two months at a
temperature range of 32° to 35° F. gave
287 germination within a year. By
comparison with the results reported he-
low, his treatment scems to have been
far from the optimum.

In testing seeds of V. viride and V.
Eschscholtzii from the 1949, 1950, 1951
and 1952 crops, their dormancy appears
to be so alike that conclusions as to ef-
fects of treatments are probably equally
applicable to both species. This in spite
of greatly differing germination percent-
ages due to the differing proportions of
unfilled and inscet-damaged seeds in
the V. viride seedlots used.

Stratification at temperatures slightly
above freezing provided partial relief of
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dormancy the second and third months,
but on removing the seeds to growing
temperatures, germination was slow and
to low percentages. After four to four
and one-half months’ stratification at
35° to 40° F., the seeds germinated
promptly in the laboratory. In many
tests, half of the total germination was
attained during the first five to seven
days and was complete at three weeks.

Germination percentages of the vari-
ous scedlots of 1. viride ranged from
22% to 657, while those of 1. Esch-
scholtzil ranged from 40% to 85% . The
non-germinating sceds of properly after-
ripened 17, Eschscholtzii were those un-
filled, damaged by inscets or attacked
by fungi during the after-ripening and
germination periods.  But in some col-
lections of 1. viride seed, substantial
numbers remained plump and appar-
ently sound for months after the run of
germination was finished.

The stratification temperature range
of 35° to 40° F. wus more effective than
40° F. and slightly higher for relieving
the dormaney of V. viride and V. Esch-
scholtzit seeds.  When after-ripening
was completed, the seeds sprouted at the
lower range.

Dormaney of V. Californicum seeds
was similar to that of V. viride and 1.
Eschscholtzii but was relieved by some-
what shorter periods of low temperature.
Three months at 35° to 40° F. was ap-
parently adequate for complete relief of
dormancy. 709 germination occurred
in two weeks; 74% at four weeks after
moving the seeds to 70° F. temperature.

A comparison was made of the dor-
mancy of two strains of V. Californicum
—one from populations growing at ele-
vations of about 3,000 feet in the Bitter
Root Mountains north of Greer, Idaho;
the other near sea level in the vieinity
of Portland, Oregon. After 80 days
stratification in moist perlite at 35° F.,
the sceds from the * high altitude”
strain had broken dormancy and about
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80% had germinated at that tempera-
ture. Within a week after moving the
seeds to room temperature, additional
germination brought the total to 98%.
None of the “low altitude” seeds had
sprouted at 35° F., and only 25% of
them sprouted during the ensuing month
at room temperature. But when the
non-germinated seceds were returned to
temperatures of 40 to 44° F., they broke
dormancy and germinated within a week
after the second transfer to room tem-
perature. Total germination of this lot
was 93%. Thus it appeared that the
strain which had become adapted to the
region of mild winters had acquired seed
dormaney, responding to higher temper-
atures than those favorable to after-
ripening (and actual sprouting) of the
high altitude strain.

The seeds of V. fimbriatum are radi-
cally different from those of the speeies
previously discussed. Not only are they
different as to their dormancy but also
in size, form and storage characteristics.
They are succulent (containing about
80% water) and are killed by drying.
The required period of moist storage at
low temperature varied by seedlot, but
usually two to two and a half months
at 40° to 45° F. was adequate for com-
plete relief of dormancy. Subfreeczing
temperatures were not injurious but were
less effective for relieving dormancy.
Also temperature 35° F. was less effec-
tive than the 40° to 45° F. range for
this species. Acid peat was better
stratifying media than the alkaline
vermiculite or perlite, molds being prev-
alent in the latter two media.

The dormancy of V. fimbriatum also
differs from that of V. wiride and V.
Eschscholtzii in that germination of
non-after-ripened seeds i1s slow but not
permanently inhibited. In one trial of
non-after-ripened seeds, 609/ germina-
tion occurred during four months at
room temperature. This percentage was
not greatly different from the totals ob-
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tained in three weeks by after-ripened
seeds.

Most of the trials of after-ripening of
the several species were made at the
temperature range 35° to 40° F., but
sub-freezing temperatures also were
tried. With V. wviride constant sub-
freezing temperature was entirely inef-
fective, and when temperatures alter-
nated one week frozen and three weeks
above freezing, the seeds failed to ger-
minate promptly. However, seeds of V..
Eschscholtzii transferred from 40° F. to
sub-freezing and back every two weeks
germinated about the same as from
constant 40° F. stratification. No after-
ripening occurred among sceds held in
dry sand at subfreezing or at tempera-
tures slightly above freezing.

Effects of Light on Germination. After
ripened sceds of V. wviride and of V.
Eschscholtzii were sown In replicate in
Petri dishes, four replications of 100
seeds of cach being held in darkness and
four in weak light at the same room
temperature. The light intensity varied
during the day, approaching onec foot-
candle at mid-day. The percentage
means of germination at 16 days were:

Leust sig.

Light Dark diff. @ 5%
V. vwwde oL 67.7% 57.5% 6.95%
V. Eschschollzii .. 91.0% 81.0% 6.90%

The wings and outer seed covering
are waxy, but apparently the failure of
germination among dormant seeds is not
due to impermeability. The seed wings
do econtain water-soluble germination
inhibitor(s) which greatly retard germi-
nation of some speecies’ seeds and pre-
vent germination of others. However,
the substances are not present in suffi-
cient concentration to affect germina-
tion after stratification.

None of the following treatments was
effective for obtaining germination of
the dormant seeds: leaching, hot water,
sulphurie acid, sodium hypochlorite, sur-
face active agents, thiourea, dewaxing
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with acetone or hexane, nutrients or
combinations of constant and alternat-
ing temperature.

In all of the species mentioned, sapro-
phytic molds were common in the strati-
fication media, but they seemed to live
principally on empty or injured seeds.
Fungicidal treatments such as Arasan,
Dithane Z-78 and Parzate were not
wholly effective; and 8-hydroxyquinoline
benzoate in solution 1:1200 applied for
20 hours prior to stratification killed
seeds of V. Eschscholtzil.

Storage Life. V. viride is subject to
intermittent seed-bearing habits. A
year of heavy crop is usually followed
by five or more years of very scant
bearing. Conscquently the possibility
of storing surplus sced is important to a
production program.

There were rumors that V., viride is in
the eategory of plants whose seeds must
be sown immediately upon ripening;
this did not prove to be true. Collec-
tions in the vieinity of Quebec in the
fall of 1950 and 1951 were kept dry at
room temperature for periods up to four
months, then stratified at low tempera-
tures for another four to four and a half
months before sowing in Petri dishes.
While some differences in germination
percentages occurred, they were not re-
lated to the periods of storage.

Seed of the 1950 crop was stored,
sealed and unsealed, at room tempera-
ture and at approximately 406° F. for
testing at the end of one and two years.
Moisture content of the seed at the be-
ginning of storage test was 7.9%. Un-
fortunately the stratification treatments
immediately preceding the periodic sow-
ings were not standardized, though they
were uniform for all lots represented in
each test. The germination percentages
attained at three weeks in the germina-
tor were as follows:

Two months dry storage plus 4} months in

moist sand and peat, at temperature runge 35—
40° F. Total germination = 30%.
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Twelve months dry storage plus 4 months in
moist vermiculite at approximately 40° . The
obviously émpty or insect-damaged seeds dis-
carded from the test samples.

Sealed ..
st Unsealed
Room temperature storage 0% 0%
40° F. storage ........... 17% 12%
Twenty-four mounths dry storage plus 4

months in moist perlite at 35° F. then germi-
nated in light.

Sealed .
stg. Unsealed
40° ¥. temperature stornge 46% 24%

In the above tests many of the non-
germinating seeds from the cold dry
storage lots remained plump and appar-
ently sound well beyond the germina-
tion test period (storage-induced per-
sistent dormancy?).

Thusz it appearcd that V. viride lost
all viability during the first year of
storage at room temperature, whether
sealed or not; but if held sealed at 40°
F. it may be kept for at least two years
without loss of wiability. When held
unsecaled at 40° F., it declined in via-
bility by the end of one year, and only
a small pereentage of the sceds were
germinable at the end of two years.

The higher percentage germination at-
tained after two years (sealed at 40°
F.} than at the beginning of the experi-
ment probably was due to more effective
stratification technique and to light used
in the last germination test.

Storage of V. fimbriatum Seed. Stor-
age of . fimbriatum seeds is limited by
the fact that they are succulent and that
drying kills them. Attempts were made
to hold these seeds in a moist but quies-
cent state by the following methods:

Storage temperatures

(a) (b) (e)
1. Submerged in water 25-30° 35-40° 70° F.
2. Moist, in CO. atmos-
phere ... ......... “ “ “
3. Moist.in nitrogen gas “ “ “
4. In moist vermiculite
(controls) ........ “ « «

5. Damp s=eed sealed
with air «“ “ H
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At the end of two months when after-
ripening should have been nearly fin-
ished in the control 4-b, part of the
series were germinated on blotters in
Petri dishes at two temperatures (in
darkness)—at room temperature of 70°
F. and outdoors where mnight tempera-
tures ranged from 35° to 40° and those
of days from 55° to 62° ¥.

Germinations outdoors were nearly as
rapid and to significantly higher per-
centages than at the 70° constant tem-
perature. The seeds from lots 2-b, 3-b
and 5-a were dead. Control 4-b germi-
nated 60% at constant 70° F., and 77%
outdoors, the final counts being made at
14 days. Lot 4-a germinated 39% at
70° and 629% outdoors—the germina-
tion of this lot starting about a weck
later than in lot 4-b.

At the end of ten months of differen-
tial storage, all of the seceds were dead.
The nert gases preserved them from de-
cay but, as noted above, greatly has-
tened their death.

The test indicated no way of storing
V. fimbriatum seceds for use the follow-
ing year.

Emergence and Early Seedling Growth.
Numerous greenhouse and nursery sow-
ings made under a wide variety of con-
ditions showed that Veratrum seeds are
extremely susceptible to the depth and
kind of covering material. The linear
primary leat emerges doubled over in
the shape of an inverted U, and slight
matting or crusting of the cover medium
prevents the distal portion of the leaf
from emerging to assume an upright
position. These die at the top of the
loop and soon die back.

In greenhouse cultures, clean sand
cover 1/16” deep permitted best emer-
gence; and shallow cover with vermie-
ulite or shredded spaghnum was nearly
as good. In outdoor sowings of V. Esch-
scholtzir, failed stands were common in
spite of unusual precautions. The most
successful nursery sowing of this species
was In the Wind River Valley of Wash-
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ington. There the nurseryman sowed
freshly ecollected seeds thickly on the
surface of prepared beds and applied a
thin covering of clean sand. Heavy
snow followed shortly and laid at depths
of four to ten feet during the winter.
Emergence occurred just as the snow
was melting, seedlings being up at one
end of the beds when drifts of snow still
covercd the remainder. While the re-
sulting stand was dense, it represented
only about 109% of the seeds sown.
Sowings of V. Eschscholtzit elsewhere
resulted in poor to failed stands.

The large seeds of V. fimbriatum have
more emergence vigor than those of V.
viride or V. Eschscholtzii but are sensi-
tive to cover material.  In trials of
sand, peat, vermiculite, perlite and
shredded redwood bark in comparison
with =o0il cover, surviving stands differed
greatly,  Cover materials which re-
mained sufficiently loose to permit good
cniergenee often gave stands represent-
ing half to three-fourths of the seeds.

Seedlings of this speeies as well as of
1. Eschscholtzii were scnsitive to sun-
light, and, unless shaded, they turned
vellow and the tops died back early in
thie scason. The cost of providing spe-
cial covering material and shade was
partly offset by reduction in weeding
costs.  The peat was fairly effective in
controlling germination and growth of
weeds; and V. fimbriatum thrived in
shade dense enough to repress weed
growth appreciably.

The primary leaf attains full size
quickly, but no other leaves appear dur-
ing the first growing season. Develop-
ment of roots and of a small bulb con-
tinues during the summer if light and
temperatures are favorable to the top.

Nursery stand densities of 100 to 150
seedlings per square foot apparently
were not limiting to growth. Sizes at-
tained the first and second years by V.,
fimbriatum and 1. Eschscholtzii, ve-
spectively, differed enormously. The
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very slow growth of V. Eschscholtzu
seedlings is i1llustrated by the fact that
3,000 two-year-old seedlings plus their
packing material were shipped in a one-
pound tobacco can. Digging and trans-
planting them was exceedingly tedious.

In some instances, root diseases
caused serious losses of V. fimbriatum
nursery seedlings.

Vegetative Propagation

Veratrum is a monocot of the family
Liliaceae, so its possibilities for vegeta-
tive propagation are distinetly limited.
Monocotyledonous plants lack a con-
tinuous meristem as a sheathing eam-
bium, and usually lack the ability to
form callus tissue from which new roots
might be expeeted to grow.

Crown Division. The general arrange-
ment of the underground parts of era-
trum is that of an upright rhizome
thickly set with whorls of fleshy roots
and surmounted by a massive bulb-like
crown bud. The bud consists of con-
centrie fleshy seales whieh are basal
remnants of the previous season’s leaves.
In the center of its base is incipient de-
velopment of the sccond vear’s erown
bud which 1s destined to form a shoot
during the third season.

Meristematic activities are confined
to an axial growing point at the junec-
tion of the rhizome and crown bud,
where are initiated the new crown bud
and root primordia in numbers charac-
teristic of each species. Growth of new
cortex and xylem moves the developing
new roots In an expanding circle, and
during the following growing season they
emerge from the cortex to add another
whorl of roots at the top of the root sys-
tem. In some crowns of V. virtde sec-
tioned in August, the root primordia
were in two concentric circles suggest-
ing periodic initiation.

Numerous crown buds are Initiated,
but apparently the first one to develop
excreises dominance, preventing develop-
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ment of the remainder. Thus so long
as the plant remains vegetative the
crown remains single. However, upon
the advent of flowering the flower stalk
occupies the central position on the rhi-
zome, and one or several of the other-
wise suppressed buds develop to form
independent crowns and eventually
make a forked rhizome.

If the apical dominance of the pri-
mary bud could be suppressed, it should
be possible to have numerous new crowns
forming annually and a practical mode
of propagation by division of the
clumps. Substances presumably having
anti-auxin activity, such as trilodoben-

zoic acid and ethylene chlorohydrin as
well as traumatie acid and phytohor-

mones, were used to treat dormant root-
stocks of 1. fimbriatum and to spray
the tops repeatedly during the growing
scason, The treatments did not stimu-
late multiple erown formation, but this
may have been due to lack of knowl-
edge of the proper dosage and proper
time of application. Dr. Went (5) ex-
perimented with an electrically heated
needle pushed up through the rhizome
to kill the new crown bud. In one in-
stance where the injury was placed just
right and not too extensive, numerous
new buds formed. Later a device was
used to drive a *comb’” of blunt nee-
dles horizontally into the crown at a
level likely to destroy the new apical
bud. Mr. Chabot (4) reported that in
some plants sprayed the previous grow-
ing season with colchicine, numerous
new crown buds formed in the vieinity
of the growing point. Thus there is ex-
permmental evidence that Veratrum
plants are inherently capable of prolific
annual inerease by multiple erown for-
mation.

However, the natural habit is for the
crown to remain single from the seedling
stage until the first year of blooming.
This span is not definitely known but iz
probably seven to ten years. There-
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after they bloom only in occasional
years, and flowering may or may not be
accomplished by doubling or tripling of
the crown. Frequency of blooming
varies greatly by species and by habi-
tat. Areas in the Sierras densely popu-
lated with literally millions of plants of
V. Californicum were cruised without
seeing a single bloom. In other seasons,
scattered plants were found where 5%
or more of the plants were in flower.
Mature plants of V. fimmbriatum bloom
more regularly on the average than do
those of V. viride or V. Eschscholtzit,
but In some loeations blooming iz rare,
and rhizomes showing ten wvears quota
of root whorls had not bloomed during
that period.

The rhizomes accumulate a new layer
of tissue at the top with its accompany-
ing whorl of roots each year, and the
oldest lower portions disintegrate and
slough off. Leaf scars leave an annual
ring, and blooming stalks leave a dis-
tinetive scar as well as a diversion of
the rhizome axis. Thus the age and
blooming history of the surviving por-
tion of the rootstock can be read rather
clearly. There i1s no way of telling,
however, how long the sequence of top
increment and bottom discard has gone
on. Judging from the indicated fre-
quency of crown doubling, some of the
clumps of V. Eschscholtziz examined in
Alaska must have been more than a
century old.

Severed Crown Buds. Attempts to in-
crease the number of plants by splitting
the crown and rhizome vertically into
halves or quarters were unsuccessful.
The mutilation and transplanting shock
caused malformation and limited growth
of the leafy tops which emerged; and
only that division which happened to
contain the growing point with pre-
formed crown hud developed into a new
Crown.

Tixtensive trials were made of entire
crown buds severed horizontally to in-
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clude some of the top of the rhizome.
This method, if successful, would have
some practical aspects. Where native
plants are harvested for commercial use
of the roots and rhizomes, one could
well afford to sacrifice part of the ton-
nage by removing and planting back
the erown buds.

The author’s trials were made with
the crown buds from dormant plants of
the speetes V. wviride, V. Eschscholtzil
and 1. fimbriatum during three years.
A preliminary trial was run, starting
with dormant plants of V. wiride col-
leeted in the mountains of North (aro-
linn. The entire rootstocks were held
in moist material at 35° to 38° F. from

lute  October 1949 till February 20,
1950. to relieve dormancy. Then the
crown buds were severed to include

about one-quarter inch of the top of the
rhizome and planted in a greenhouse,
some in pasteurized medium fine sand
and some in a potting mixture of loam,
=and and composted manure. The up-
per half of the bud was removed from
part of cachi lot, the idea heing to re-
strict the amount of leafy tops which
would be produced. Trial of indole
butyric acid and of “ Rootone” also
was included.

The topz emerged in four days and
were well expanded eight days after
planting. Roots were slow to appear,
but the tops survived with good color
am! turgor during the ensuing three
months when the plants were taken up
for examination. About half of the
total number had made roots, ranging
from one to 15 per plant and of sizes
from pips barely visible to some four
inches long, well elothed with lateral
rootlets. Rooting was more prevalent
in sand than in the potting mixture;
and the hormone treatments appeared
to increase rooting, though the limited
supply  of plant material prevented
enough replication to be sure of this.
There was no eallusing at the cut sur-
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faces of the rhizome nor of the root
stubs which it ecarried. In many cases
it simply rotted away without affecting
the actively developing area above it.

The next trial a year later involved
78 treatments, each with four replica-
tions of five plants. It included several
species and strains, severing the buds
before or after the dormancy-breaking
cold storage period, phytohormones and
fungicides alone and in combination,
several planting media in the green-
house and some outdoor plantings.

Emergence occurred in the greenhouse
plantings two days after planting, and
the leaves of V. viride were expanded
within a week. The tops retained good
color and appearance for several more
weeks,  Deterioration of the tops was
first apparent as browning and die-back
at the leaf tips and oceurred earlier
among the Quebee Canada strain of V.
viride than in the North Carolina strain.
V. Eschscholtzii from Alaska made only
limited and abnormal growth of tops,
both from the erown buds and from the
entire plant controls. An explanation of
this is given in a later discussion of a
peculiar inhibition of growth of this
species when transplanted.

The surviving plants were harvested
about six months after planting. On
the whole, rooting was less frequent
than in the previous year’s trial. and
obviously was affected adversely by the
grecnhouse temperatures. The Quebec
strain seemed more sensitive to the
greenhouse temperatures than was the
North Carolina strain. Only two out of
740 of the Quebec strain rooted in the
greenhouse, whereas 27 out of 160
(17%) of them rooted in an outdoor
plot in shade where cooler temperatures
prevailed. An additional 20% of them
were still alive in the outdoor plot.
though not vet rooted. Seventeen per-
cent of the plants from the North Caro-
lina strain of V. wiride rooted in the
greenhouse. Their tops were somewhat
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smaller than the tops produced by en-
tire rootstocks and the new crown buds
were smaller, but there was no differ-
ence In the root systems of the two
classes of plants. The old rhizomes and
roots of the whole rootstock controls
had rotted. The very low percentage
survival destroyed the significance of
the various other treatments involved.

Outdoor trials of crown bud propaga-
tion of V. viride were made in the vicin-
ity of Quebec by Mr. Chabot (4) and
Dr. Camp (3). The unpublished re-
ports received by the author were rather
incomplete, but apparently the results
were not very favorable.

V. fimbriatum Crown Bud Propaga-
tion. The concurrent trial of V. fimbri-
atum crown buds was made by planting
the severed crown buds from freshly
dug plants, their bases immersed over-
night in water or in indole butyric acid
solutions of various concentrations up to
100 mg./L., then planted in a prepared
plot in their native habitat, 100 buds
per treatment.

At the end of the ensuing growing
scason, part of the plants were dug up
for examination and replanted. The
perecentages rooted ranged from 40% to
907 and directly correlated with the
concentration of IBA wused, 90% of
those treated 100 mg./l. being rooted.
Whereas crown buds three-quarter inch
to one and one-half inches in diameter
were planted, those produced were only
one-quarter inch to ome-half inch di-
ameter.

The following year the question was
investigated further, using concentra-
tions of IBA 0, 100 and 200 mg./l., and
planting 20 buds of each treatment at
seven locations. Two of the locations
were in sun and shade, respectively, at
the native habitat about 60 miles south
of Ft. Bragg, California, and the other
plots were in the vicinity of Humboldt
Bay which is considerably north of the
native range but with very similar cli-
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mate. These plots differed as to ex-
posure and soil type. Each of the
crown buds was measured to determine
later whether rooting and survival was
correlated with size.

V. fimbriatum differs from the other
species in that the erown buds push
above the ground surface in late au-
tumn, rest briefly in midwinter, then
grow furiously in late February or early
March. The crown bud plantings made
QOctober 16th to 19th were inspected
November 15th. At that time the num-
bers of buds which had emerged were
definitely related to the IBA treatments.
The percentage means were: untreated
10%, IBA 100 mg./1. 35% and IBA 200
meg./l. 58% and consistently in this or-
der at all plots. However, the stinula-
tion of early top growth was not fol-
lowed by any significant effect on the
pereentages of plants emerging the fol-
lowing spring or on growth the follow-
ing summer. In fact the 200 mg./l.
treatment reduced the percentage of
survival,

In the first spring after planting the
severed buds, the tops grew about as
quickly as and to the size of those from
whole rootstocks; and the tops survived
surprisingly long into the summer, sup-
plied only with stored food reserves and
water absorbed from the cut bases.
Also the embryonic bud made consider-
able growth concurrently with top
growth. But development of roots from
the initials known to be present was
very slow and many failed entirely.
Where external roots did develop, they
came so late that top activity was
nearly finished for the season, and the
new crown was so small and weak that
a majority of them failed to come up
the second spring. Thus the second
vear’s survival became the criterion of
real establishment.

Second year survival was in all in-
stances of much lower percentages than
from the transplanting of whole root-
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stocks, and was correlated with the spe-
cies’ preference for shade, cool tempera-
tures and protection from wind. In the
first trial, where 909 of the plants
showed some rooting at the end of the
first growing season (in sun), only a few
appeared the second spring. In the
series of seven plots having various soils
and exposures, the second year survival
ranged from 0% to 60%. At the plots
within the native habitat, survival in
shade was 279 and in sun 0%. At

Arcata, north of Humboldt Bay, a
shady site had 50% survival and a
nearby sunny (and windy) site had

134 . At the less favorable sites many
of the whole rootstocks survived but

with poor growth, yellowish-green foli-
age and short season of top growth.
Transplanting trials of whole rootstocks
at inland loecations where summer tem-
peratures were higher than in the coastal
zone were unsuccessful, though coastal
locations as far south as Moss Landing
in Monterey County permitted good
growth of plants kept in shade and pro-
teeted from wind.

There was one promising hint of a
solution to the erown bud propagation
of . fimbriatum. In addition to the
mid-October series of crown bud plant-
ings deseribed above, a mid-September
planting was made at the sunny and
windy site north of Arcata. In the
third growing scason these had 80%
survival.  Possibly the factor responsi-
ble for the inhibition of new root growth
iz something that develops with the rip-
ening off and development of dormancy
at a critical period in the fall.

Inhibition of root growth has heen
noted in more marked degree in whole
rootstocks of 1. Eschscholtzii trans-
planted in autumn. Dr. Went (5) held
dormant V. Eschscholtzit rootstocks at
low temperatures for periods up to a
vear without ever bringing them to a
condition permitting normal growth. In
the author’s trials involving transplant-
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ing V. Eschscholtzii short distances in
its native sites in Washington as well
as the moving of Alaskan plants to var-
ious presumably suitable sites, the tops
continued to grow for two years from
food reserves stored in the original
transplant, but with little or no root
growtlh.

The root initials which had developed
the summer before transplanting grew
further only to the extent of showing
as a ring of “ pips " at the top of the
rhizome. The erown which had been
about two inches in diameter when
transplanted, finally consisted of two
erown buds one-half inch in diameter.
Similar effeets appeared among plants
of V. Eschscholtzii on Mt. Adams, Wash-
ington, when moved only a few feet.
They survived for two vears but made
no new roots. However, several exeep-
tions were found. Some of the plants
moved from Alaska to u site in northern
Washington in the full made new roots
two or three inches long by the follow-
ing May. Also one plant transplanted
in northern Washington while in bloom
thrived the following vear, though it
was not examined for root growth. Dr.
Went surmised that root growth of 1.
Eschscholtzii may depend on hormone-
like substances supplied by the root tips
which are lost in transplanting. Such
an hypothesis would be compatible with
the easy re-establishment of 1. wviride
plants which have a profuse network of
lateral roots clothing the portions ordi-
narily moved.

Bulbels. Oceasionally flowering plants
of 1. fimbriatum were found to bear
axillary buds or bulbels. Their oceur-
rence was rather rarve, but when a plant
of this habit was found tire bulbels were
usually present on several stalks of the
clump. They were more zlender than
crown buds but of similar structure,
some of them being as large as a man's
thumb. Sinece they were enclosed by the
sheathing leaf bases, they were difficult
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to find until the stalks died in the fall,
when the still green live buds protruded
from the rotting leaves.

Attempts to use them as propagating
material were mostly unsuccessful. One
of them formed a more globose bulb
having several roots but no leaves dur-
ing the first year, and became a small
entire plant the second year. Mr. Chabot
(4) reported finding similar bulbels on
flower stalks of 1'. viride near Quebec,
Canada. These were on plants which
had been sprayed with colchicine earlier
in the season.

Fertility Responses. V. viride plants
were grown as pot cultures in the green-
house, with nitrogen, phosphorus and
potash added singly and in combination.
Two soils were used, one a naturally
fertile sandy loam and the other a
loamy fine sand of low cropping potential.
The plants were indifferent to added
phosphorus or potash, but nitrogen
significantly reduced their growth. Sup-
pression of growth by added nitrogen
was more pronounced in the naturally
fertile soil than in the poorer soil.

Conclusions

Veratrum of the several species studied
could be grown from seed on a com-
mercial basis. However, the cultural
requirements are very exacting and the
seedlings must be tended in a nursery
uncler suitable conditions for a number
of years before transplanting to fields.
The larger-seeded V. fimbriatum is
easier to grow than V. viride or V.
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Eschscholtzii but is exacting in climatic
requirements.

Field plantings must be confined to
locations where the species’ climatic and
moisture requirements are met. In most
locations shade is necessary, either by
artificial means or by other plants.
This would increase production costs.
The crop eyele from seea to harvest of
roots large enough for suitable tonnage
was not determined hut is estimated to
be at least ten years.

Propagation of T'eratrum by replant-
ing crown buds taken from harvested
rootstocks would shorten the crop cycle.
Further research is needed to learn the
teehniques for successful use of this
method. The praetice would involve
sacrificing 25% to 35% of the harvest
tonnage.

So long as native Veratrum rootstocks
are available, it would be infeasible to
grow them as a cultivated crop.
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