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SEED GERMINATION OF NORTH AMERICAN ORCHIDS. II. NATIVE CALIFORNIA
AND RELATED SPECIES OF APLECTRUM, CYPRIPEDIUM, AND SPIRANTHES

ALLISON P. OLIVA AND JOSEPH ARDITTI
Department of Developmental and Cell Biology, University of California, Irvine, California 92717

Seeds of several terrestrial orchid species native to the United States were germinated on a number of
culture media under differing conditions. Germination rates and seedling development varied considerably.

Introduction

Seeds of terrestrial orchids, particularly those from
north temperate climates, are generally difficult to
germinate in vitro (CURTIS 1936, 1943; DOWNIE
1940, 1949; KnuDpsON 1941; VERMEULEN 1947;
LippeLL 1954; ArpiTTi 1967; HARvVAIS 1973, 1974;
FasTt 1976; CLEMENTS and ELLYARD 1979; LINDEN
1980). Their requirements, although varied, seem
to be exacting and specific. Special and often dif-
ferent media are required even for species within
a genus (ARDITTI 1967, 1979, 1982; STOUTAMIRE
1974; WaRrcup 1975; WRIGLEY 1976; CLEMENTS
1982; Fast 1982; HADLEY 1982; NisHIMURA 1982).

This paper extends the list of species that have
been germinated in vitro.

Material and methods

Mature and immature seeds as well as ripe and
unripe fruits were received from several collectors.
Immature seeds from unripe capsules were placed
in culture immediately on receipt. Mature seeds were
stored at 4 C in small paper envelopes (ARDITTI et
al. 1979, 1980, 1981).

Unripe capsules were surface sterilized by im-
mersion in a filtered calcium hypochlorite solution
(7 g/100 ml water) for 10 min before being opened
under sterile conditions. The immature seeds were
scraped out and placed on the agar surface (AR-
DITTI et al. 1981).

Ripe seeds were sterilized by immersion in the
sterilizing solution for 10 min. Glass tubes, stuffed
with cotton at both ends and fitted onto repipetting
bulbs, were used to sterilize, wash with sterile dis-
tilled water, and dispense the seeds into culture
flasks. The seeds to be germinated on the Hyponex
medium were sterilized and then soaked with ag-
itation (60 oscillations/min) in sterile water for 45
days (HArRrisoN 1970; HARRISON and ARDITTI 1970;
ArpITTI et al. 1981). Seeds were germinated and
seedlings maintained under several combinations
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of illumination and pH, as well as composition and
concentrations of culture media (tables 2, 3) at 23
+ 3 C (ArDITTI et al. 1981).

Full- or half-strength and modified Curtis media
(Curtis 1936) were used for asymbiotic germina-
tion of Cypripedium, Aplectrum, and Spiranthes
seeds (ARDITTI et al. 1981). Cypripedium seeds were
also germinated on a medium developed especially
for this genus (CurTis 1943) as well as on NOR-
STOG (1973) and Hyponex (TsukamoTo et al. 1963)
media (table 1). An oat medium (oats and agar au-
toclaved in water) developed for Australian terres-
trial orchids (CLEMENTS and ELLYARD 1979; CLEM-
ENTS 1982) was used for symbiotic germination.
Strips of filter paper were placed on the surface
following solidification of the medium. The seeds
were distributed at one end of the paper. Inocula
of Ceratobasidium sp. and Tulasnella sp. (pro-
vided by MARK CLEMENTS, National Botanic Gar-
den, Canberra, Australia) were placed on the other
end.

We have defined germination as the appearance
of green or white protocorms and are describing
seedling development (tables 2, 3) in terms of the
appearance of absorbing trichomes, chlorophyll,
rhizomes, shoots, and roots (ARDITTI 1967, 1979,
1982; ArpITTI et al. 1981).

Results

All seeds germinated by first forming proto-
corms. Approximately 90% of the protocorms of
each species were initially white, even under il-
lumination, but turned green with time (tables 2,
3). Some protocorms of Cypripedium were green
from the outset (table 3).

The best overall germination of mature Cypri-
pedium seeds was on the Hyponex medium; C. re-
ginae also germinated well on the modified Curtis
solution. Germination of C. californicum and C.
montanum was enhanced by full- and half-strength
Curtis media when the pH was 7.0-7.5 (table 3).
Seeds of C. calceolus germinated more rapidly on
the Curtis Cypripedium medium (CURTIS 1943) than
on any other solution (tables 1, 3). Immature seeds
of C. acaule and C. calceolus var. pubescens ger-
minated well on the Norstog, Hyponex, and full-
strength Curtis media (table 3).
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TABLE 1
COMPOSITION OF MEDIA USED FOR THE GERMINATION OF SEEDS OF NATIVE CALIFORNIA AND RELATED ORCHIDS

AMOUNT OF COMPONENT PER LITER OF MEDIUM

S Cuements and  Modified
COMPONENT Modified Cypripedium ELLYARD® Hyponex®
Macroelements:
CaCL2H,0, mg ..v.svens 100
CaCOy, Mg .. oiises.oas 148
FeSO,7H,O, mg ......... 11.06 .01
KH,PO,, mg ..o 240 1,000
MgSO,7H,0, mg ........ 520 300
MNACL B cvnmes s 100
Ures, M vy 250
Microelements:
AlCL, ME vovomrmis —— .03¢ -
CoCly6H,0, mg ......... .025° .
CuSOSH,O, mg ......... 03 025"
FeCly6H,0, mg .......... 1.0°
HyBOs, M soivvwwvsvasai 1.0, 6.2°
KL calesaspiussless .01° .83
MnSOsH,O, mg ......... Jd.522.3
Na;MoO;2H,0, mg ...... 25°
NiCl,‘ﬁH;O, ME cozcuvsnss 03‘
0L, WP o ocvsavicuigiEsn 3.93°
ZnSOTH,0, mg ......... 1.0¢
Fertilizer:
HYPODEX; ME »o009:000menn 3,000
Hormone:
Wouchstoff 66, ml ........ ) 3
Nucleic acids,* mg ......... 500.0
Complex additives:
Coconut water from
unripe nuts, ml ........ 100.0
Banana homogenate, g .... 75.0 % vl
PEPIONE, ‘B .» eve scammmmn .050 2.0
B cinvmmomm s nsimata . 2.5
Sugar:
OB s s 10.0 5.0
SUCIOSE, § wivwucemirivimmna 10.0
Darkening agent:
CHBPIRIEL B0 e 2.0
Solidifier:
AFRr B GolmuianelENEas 14.0 14,0 10.0 15
L e ) 5.0 5.0 5.2-5.5 5

Nott.—For composition of all other media, see ARDITTI et al. (1981).

* Curtis (1936, 1943).
* CLemENTS and ELLYARD (1979).
“ Modified from TsukamMoTo et al, (1963).

? Heller's microelements (ARDITTI 1977); listing of two microelement solutions indicates similar

results,

“ Murashige and Skoog (GAMBORG and WETTER 1975), listing of two microelement solutions in-

dicates similar results.

' Wuchstoff 66f—courtesy of EDwARD GERLACH, Gmbh Chemische Fabrik, D4490 Lubbecke 1,

Postfach 1165, West Germany.

* At this time it is difficult to determine which “Na nucleinate™ Curtis used. We used 250 mg

RNA salt and 250 mg DNA salt.

" Except in experiments designed to test the effects of pH.

Roots and shoots generally appeared together in
most Cypripedium seedlings. Two exceptions were
C. acaule, where shoots formed after the roots,
and C. californicum, where the reverse was true
(table 3).

Protocorms and rhizomes formed simultaneously
on seedlings of C. califernicum. Rhizome forma-

tion followed the appearance of protocorms in C.
reginae (table 3). No rhizomes were formed by the
other Cypripedium species (table 3). Plant forma-
tion in Cypripedium occurred anywhere from 5
to 30 mo after the seeds were placed in culture
(table 3).

Seeds of Aplectrum germinated on all three Cur-
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TABLE 2
SEED GERMINATION AND SEEDLING DEVELOPMENT OF APLECTRUM AND SPIRANTHES
PER- MONTHS FROM PLACING SEED IN CULTURE
TO APPEARANCE OF
CENTAGE
SPECIES AND CULTURE GERMI- Absorbing  Proto- Green
MEDIUM* CONDITIONS" NATION® hairs corms  Shoots color Roots REMARKS
Aplectrum hyemale:
5 L 1 20 i i s e
FC: HE avms D— L (10) 1 10 i i 10 Protocorms, five with black
roots.
ME: oo D— L (10) 10 10 10 Green protocorms.
Spiranthes gracilis:
SN e D— L {4 30 4 7 7 e Green plantlets, 3 cm tall in
7 mo. Growth to 5 cm at
20 mo.

D— L (2) 20 7 2 7 T e Green plantlets, 1 cm in 7
mo. Continued germina-
tion for 20 mo, numerous
2—10-cm plantlets,

8. romanzoffiana:
< el L 20 15 15 15 15  Plantlet 5 cm high after 15

mo. Plantlets 6-7 cm
have well-developed roots
after 18 mo. Germination
of §. romanzoffiana is not
as rapid, but greater root
development pushed plant-
lets above agar surface.
Plantlets were 10 cm tall
and had 10-cm roots af-
ter 27 mo.

* FC = full-strength Curtis medium; HC = half-strength Curtis medium; MC = modified Curtis medium. For composition of
media, see table 1. The listing of two or more media separated by commas is an indication of similar results.
"D = dark; L = light; numbers in parentheses indicate the time in months after inoculation when cultures were moved from

dark to light.

© Estimates made when protocorms appeared. The number of seeds per culture varied between 100 and 300.

tis media (table 2). The protocorms did not pro-
duce rhizomes and formed only small roots after
10 mo in culture in both light and dark (table 2).

Spiranthes seeds germinated only on full-strength
Curtis solution (table 2). Germination of S. gracilis
occurred only in the dark; S. romanzoffiana ger-
minated only under illumination. These species did
not form rhizomes. Spiranthes gracilis produced
protocorms (some with absorbing trichomes) and
numerous 2—10-cm-tall plantlets in 7 mo. In con-
trast, 15 mo were required for the formation of 5-
cm-tall plants of S. romanzoffiana. These plantlets
reached a height of 7 cm after 3 mo in culture. At
27 mo the plantlets had well-developed root sys-
tems (table 2).

Discussion

Seeds of Aplectrum hyemale (eastern United
States) cannot germinate asymbiotically on a mod-
ified Knudson C medium (STOUTAMIRE 1964). We
found that this species germinates very poorly on
full- and half-strength Curtis medium and much
better on a modification that contains urea, which
suggests that A. hyemale, like other orchids (BUR-

GEFF 1936), may require or at least benefit from
nitrogen in this form. Seeds of Spiranthes sinensis
have been germinated on the Knudson C and Kar-
asawa media (NISHIMURA 1982). Spiranthes cer-
nua (North America) germinated asymbiotically on
amodified Knudson C medium (STOUTAMIRE 1964),
but it produced only white protocorms on the Nor-
stog medium (HENRICH et al. 1981), which sup-
ports germination of S. romanzoffiana, found in the
British Isles and North America (FAasT 1982; HaD-
LEY 1982).

In our studies, S. gracilis (North America) and
S. romanzoffiana germinated and developed well
on full-strength CurTIS (1936) medium. The dif-
ferences among earlier reports (STOUTAMIRE 1964;
HENRICH et al. 1981) and between them and our
work are not surprising in view of the very specific
germination requirements of seeds of north tem-
perate terrestrial orchids.

Only the medium that supported germination of
S. cernua contained peptone (STOUTAMIRE 1964).
This complex additive contains many amino acids,
several amides, and a number of vitamins (POWELL
and ArpirTt 1975; ArpitTi 1982), and its com-



SEED GERMINATION AND SEEDLING DEVELOPMENT OF CYPRIPEDIUM

TABLE 3

MONTHS FROM PLACING SEED IN CULTURE TO APPEARANCE OF

PER-
CENTAGE Ab-
SPECIES AND CULTURE GERMI-  sorbing Proto- Rhi- Green
MEDIUM® CONDITIONS” NATION hairs corms zomes Shoots color  Roots REMARKS
Cypripedium acaule

(immature):

N Hyp, 2 L.D 0 Immature capsules. No
germination or growth
after 1.5 yr.

ME s L 5 6.75 6.75-11 24 6.75 6.75 Shoots, | cm with 13-cm
roots.

MC ...... D— L (6-11) 5-10 6.75 6.75  White plantlets with roots
7.5 cm long after 2 yr.

CE +

fungus,
HC, FC L,D 1 White protocorms form
and senesce.
C. acaule X
C. californicum:
FC, MC,
HC ..... L.D 0
C. acaule X
C. pubescens:

BC \vuinnmn L 1 11 White protocorms form
and senesce.

L wansys D— L (6) | 26.5 26.5 26.5 26.5 Green shoots, 1.5 cm with
very curly, hairy roots
after 4 yr.

B o L; D | 26.5 Several small white
protocorms formed in
dark culture.

C. calceolus
EC onrmmn L 0
D—L 1-5 7-12 White protocorms, one
small white shoot.

7L o ——— D— L (10) | 14 Small brown protocorm

with very small leaves.
C. calceolus var.
pubescens:
CE wsmnans L 0
D 1 24 Small brown and white
protocorms, no further
growth after 3 yr.

g sesees, 16 1 14 14-26 14 14 Small 1-cm roots and
shoots at 2.5 yr.

D—L (4 1 4 18 White protocorms with
roots up to 2 cm long,

ME e L 1 27 _— - No subsequent growth.

FES - emaes D— L (6) 1 30 30 30 Green plantlets 2 cm tall
with curly roots after
2.5 yr.

HE ocimeed D— L ({55 1 5.5 5.5 Small green protocorms

pH 7-7.5 with |-cm roots after
C. californicum: 2.5 yr.

(&, 0 S L 20-50 13.25 13.25  13.25 17 Green plantlets -2 em
tall after 1.5 yr.

GO axnmaEs D— L(T) 20 13.25 17.0 17 White plantlets 0.5-1 em
tall.

CC muwis D— L (15) 20 12 24 17 Green plantlets 0.5 cm
tall.

HYB veoma L,D—L(3) 10 3 14 14 14 Green plants 5-18 cm tall.

N- sassams L 10 24 vy White protocorms.

D— L (23) 10 24 28 Green plantlets 1 cm tall.

498



TABLE 3 (continued)

MONTHS FROM PLACING SEED IN CULTURE TO APPEARANCE OF

PER-
CENTAGE Ab-
SPECIES AND CULTURE GERMI- sorbing Proto- Rhi- Green
MEDIUM" CONDITIONS" NATION hairs corms zomes  Shoots color Roots REMARKS

FD i, D - L (21) 10 21 21.5 2125 Green plantlets 2.5 cm
tall.

HC' s L 5-10 24 43 34 43 Small green plantlet 3.5 yr
after inoculation.

pH7.0 .. D— L{10) 5-10 10 30 30 30 Green plantlets 2.4 cm
tall.

pH7.5 .. D=L (17) 5-10 29.5 29.5 30 30 30 Green plants 2—4 cm tall
with rhizomes.

BE: wasnns D— L (21) 5 21 21.5 21.5 Green plantlets 2 cm tall.

D— L (21.75) 5 21.75 33 33 33 Plantlets | c¢m tall after 3
yr.

ME: swsans L. D 1 ST st 253 i Fin i Seeds germinate, but there
is no subsequent growth.

CE =+

fungus .. L.D No germination on oat
medium.
C. reginae:

Hyp: i E 1 2 5.25 5.25 5.25 5.25  Green plantlet 1 ¢cm tall
after 5 mo. Only brown
protocorms in dark
cultures.

MC ...... E 50-80 b 3 e Y S ik Excellent germination but
no further development.

D — (1-5) 80 3-5
CE +
fungus .. LD 50-80 - 8 v i cisi —_ Brown protocorms after 8
mo.
B oy L,D 50-80 2 . Brown protocorms only.
CE +
Australian
fungus .. D 1 17 - Protocorms only.

MC, N,

FC, HC L+D 1 T 16.0-24.5 e P T White protocorms only.
C. montanum:

N; HE o L.D 1 Poor germination, no
further development.

FC,

pH 5.5 ..D— L (3-35) 5 30 3-35 30 42 30 1-2 cm after 30 mo.

White plantlet, roots are
hairy; green color
appears after 42 mo.
pH6.0 .. D—=L(3) 1 3-30 Bl 30 30 30 Plantlets are 0.5 c¢m tall
after 30 mo, 1-2 cm at
38 mo, 2-4 c¢m at 42
mo.
pH7.0 .. D=L (3.5 1 35 30 30 30 Two green plantlets 8 cm
tall after 42 mo.
Higher pH values seem to
promote growth, but not

germination.
C. pubescens var,
parviflorum
FC, HC ... D 1 6 Protocorms only.

* CC = Curtis Cypripedium medium, CE = CLeEMENTS and ELLYARD (1979), FC = full-strength Curtis medium, HC = half-
strength Curtis medium, Hyp = Hyponex medium, MC = modified Curtis medium, N = Norstog medium.

" D = dark, L. = light; numbers in parentheses indicate the time in months when cultures were moved from dark to light.

“ The number of seeds per culture vessel varied between 100 and 300.
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position can vary with batch and manufacturer.
Therefore, it is not possible to determine from the
available information whether §. cernua has any
special requirements for one or more organic com-
pounds.

Reports on the germination of Cypripedium seeds
are contradictory (ARDITTI 1967, 1979, 1982;
STOUTAMIRE 1974; FAsT 1982; HADLEY 1982). Ac-
cording to HENRICH et al. (1981), C. acaule and
C. arietinum did not germinate on the Norstog me-
dium, whereas C. calceolus var. pubescens, C.
calceolus var. parviflorum, C. reginae, and C.
candidum did. Some of these species, as well as
C. calceolus, C. passerinum, and C. reginae, ger-
minate on media containing glucose and fructose,
sucrose, coconut water, peptone, yeast, with or
without other additives (CURTIS 1943; STOUTAMIRE
1964; Harvals 1973, 1974; LINDEN 1980).

In our experiments, illumination seems to have
had no significant effect on the germination of
Aplectrum, Spiranthes, or Cypripedium and other
native orchids (ARDITTI et al. 1981). Germination
of some species may be improved in the dark (AR-
DITTI 1979; ErRNsT 1982). The reasons for these
differences are not clear. Therefore, generaliza-
tions regarding the effects of light on the germi-
nation of such seeds are not possible.

Altogether, our findings and previous reports
provide few clues regarding the germination re-
quirements of seeds of North American orchids.
Differences in the maturity of the seeds, charac-
teristics of the species, composition of media, pu-
rity of chemicals, culture conditions, and difficul-
ties in obtaining enough seeds for extensive
experiments may be some reasons for this.
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