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Abstract. --Seed technology is being developed for common sedges (Carex
spp.) and rushes Juncus spp.) of the Intermountain Region to evaluate the
feasibility of propagating container stock from seed as well as from vegetative
material. Germination requirements vary among species. Pretreatments are
being developed to enhance germination of common intermountain species.

INTRODUCTION

Approximately 105 Carex (sedge) and 23 Juncus
(rush) species are native to the Intermountain Region
(Cronquist and others 1977). About two-thirds of the Carex
and all of the Juncus species are associated with riparian or
wetland habitats. A number of these are dominant or
associated species in one or more of the riparian community
types described for National Forest lands in this region
(Jensen and Tuhy 1982, Manning and P agett 1989, Pagett
and others 1989, Youngblood and others 1985). A few have
status as sensitive species.

Due in part to the taxonomic complexity of these two
genera, most species have received little study. However,
recent emphasis on rehabilitation and management of
degraded riparian and wetland habitats in the Western
United States has highlighted the critical role Carex and
Juncus species play in stream stabilization and community
dynamics as well as their ability to provide wildlife habitat
and forage for grazing animals.
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Successful use of Carex and Juncus species in
riparian revegetation efforts requires an improved
understanding of the ecology of each species and
development of technology for their propagation and
establishment. Although planting sod plugs or rhizomes
provides a reliable means of establishing most grasslike
species (Martin and Uhler 1939, Ratliff 1985), suitable
vegetative material is not always readily available, and in
some cases its harvest may result in environmental damage.
Logistics of rhizome or plant collection and storage and
possible contamination of collections with weedy species
present additional problems. Thus, under some
circumstances, seed propagation of nursery stock might be
a preferred approach.

The objective of this paper is to discuss seed
technology being developed for important
Intermountain Carex and Juncus species and to review
literature describing germination requirements for
individual species.

TAXONOMY, ECOLOGY, AND REVEGETATION VALUES

Several publications provide information on the
taxonomy, distribution, habitat requirements, growth habit,
palatability, and spreading characteristics of major
Intermountain Carex and Juncus species (Cronquist and
others 1977, Hansen and others 1988a, b, Hermann 1970,
1975, Hitchcock and others 1969, Lewis 1958, Welsh and
others 1987). Platts and others (1987) outlined revegetation
values. Studies describing aspects of seed biology, seed
technology, natural seedling establishment, and revegetation
technology for Intermountain Carex and Juncus species are
scarce. Pertinent literature is reviewed in table 1.




Table 1.=-Review of literature pertaining te germinatlen resuirements of common Intermountain Carex and Juncus specles.

Storage Conditlonss Incubation Total
Gpecles Seed source pretreatpant ConditLens germination Eeferences
Carex aguatlis Wyoming 15~21/21=28"C, Lew germinatieon. Johnzon and
Water sedoe nateral light., €0 days. Viability not detarmlned. athers {1965]
Uniat, AK 22°2, constant Lllght or dark, 2.7% {lighth, 0.0% [dark). Bliss ([958}

Carex lanuginosa
woolly sedge

Carex microptera
Small-winged
sedge

Carex pebraskensix
Nelbraska sedge

Tarey pashpstachyve
Chamlase sedge

Carex rostrata
Beaked sedge

Carex subfusca
Fond sedge

Juncus articulatus
Jointed rush

Juncus effosus
Eafr rush

Juncus tepuis
Slender rush

Madicine Bow
Mountains, WY

Sall seed bani,
Arctic Coaskal
Flaln, AK

Wyoming

Monktana,

Wyoning

Montana

Wyaming

Kyaning

Mew Tork

United Kirgdoms

United Klngdsr

tnited Xlngdon

¥ew York

Ghio

Scil stratified at
29 fer & ma. {19E1).

So0il stored at -18 *C far
1 po. (L9E3}.

lmmerped in wales of
atored dry Ln glass lars
at roon tenmperature for
&0 no.

Contrel: 1, 7, or 30 day
stratification at

-7 "C; or 24 hr. leaching
in tag water

scracify at 2 o 4°C

for 3 daye.

Control; 1, 7, or Mi-day
stracification at

i=10C,

Seratify at 3-4°C for

3 days.

Contralr 1, 7, or 10 day
stratificatlen at 2<7°c;
or 24 hr. leaching

in tap watar.

Water, 1-3°%C, 2, 5, oo 7
ronths, dark.

bry, 5%

Doy, 3°C

Mater 7 years, frozen
twice,

Zpedbank, sallne zones.

12°C, constant light er dark.

20-30"C, maktwral light,
4 no. incubation.

20-30"c, natoral light
plus supplesental light after
2.8 o2, T po. toRal.

203 °C {12 hret/ll hesl,
Lighe at 30%C, 28 days.

15=31/71=26 *C, natural
ligkt, €0 days. Contrels
incubated in distilled water;
0.2% KNDy, or soll leachats.
1030 °C (16/8 hra), blotters
nolatensd with 0.2% ENG,.

S0 C. plcropbera.

Epe C. aicraoptera.

08 C. plorepiera

13-15/18-21 °c,
matural light.

2%C flectuation required for
50% of maxinom gemmination
recorded.

Surface seed in field. Regulres
Light. Seedlings sensitlve za
drylng, competition, ard mecha=
rlcal distucbances.

1°C flucruatatlon reguired far
50% of masimun germination
regorded. Absolute requirenent
for light.

13=38 *C, 16 hrs., light.

C.0% ilighty, 0.0% [dark).

107 seedilngs/n? of ssil
surlsce.

267 saedlings/n? ef aail
surlace.,

Conron energent from soll
gemd bank orf disturbances.
J mo. storage: water GO0%,
dry 1%. &0 mo. gtarage:
water 8%, dry 10%.

50% [3D-day stratificatiom},
Y To BIW Jall othar
Ereatrents] .

100% (based on viable
achenas) .

3N (I0-day stratificatiom),
I3 te 36t (all other
Ereatments] .

4% {16 dayel, 2% (77 days]
{baged on wisble achenes).
Low permination. Viability
not deternlned.

100% (l-day stracification)
Ok [M-day stracification)
Bl to %3% {all ochar treatments}
Wlabllity not determined.
46 O0¢ mo.)

%6 (% ma.)

57 {7 ma.)

Some germination.

Effective. Germinates
response to reduced salinlty.

Bligs [195B}

Esersale (1989

Esegsole {138%

fhersole {1955

Comes and
others {1978}

Johnson and
athers {1965]

Wiesner and
others {1967)

Johnzon and
athers (1963)

Wiesner and
athers (1367)

Johnson and
others (19651

Johnson and
arhara (196%5)

Mueenscher (1393

Ti':u'np:an and
Grime (15831

Lazenty {1955)

Thompson and
Grime (1981}

Shull (1914}

ingar and
Riehl (L98:0)




MORPHOLOGY
Carex

Sedges are perennial plants with stems arising singly, few
together, or in clumps from creeping rhizomes. Stems are solid
and triangular to terete in cross section. Most species are
monoecious; a few are dioecious. The inflorescence, borne on a
reproductive culm (fig. 1), consists of single or multiple spikes
and may be staminate, pistillate, androgynous (staminate flowers
borne above the pistillate flowers), or gynecandrous (pistillate
flowers borne above the staroinate flowers) (fig. 2). Each flower is
subtended by a scale. The perianth is lacking. Staminate flowers
consist of two or three stamens. Pistillate flowers consist of a
single pistil enveloped in the saclike perigynium, a specialized
foliar structure. The two or three stigmas are exserted through
an opening at the apex of the perigynium. The fruit is an achene
that develops within the persistent perigynium (Cronquist and
others 1977). Achenes are covered with a tough, leathery
pericarp that ranges from light brown to nearly black. Achenes
developing from ovaries with two stigmas are lens-shaped, while
those developing from ovaries with three stigmas are triangular.
The seed consists primarily of thick endosperm with a small
embryo at the basal end (Lee 1952).

A TYPICAL SEDGE PLANT
(Carex raynoldsii)

= ... STAMINATE SPIKE

o PISTILLATE SPIKE

\

BRACT SHEATHLESS

\ ————  —— FRUITING CULM

PERIGYNIUM ACHENE

LEAF
STERILE CULM

LEAF SHEATH

ROOTS

Figure 1--Morphology of a typical sedge plant
(Carex raynoldsii) (modified from Lewis
1958).

INFLORESCENCE FORMS

SPIKES 4-8 IN A HEAD

ANDROGYNOUS SPIKE OF
Carex nigricans
SPIKES 5-20 IN AN
OVOID HEAD

STAMINATE FLOWERS

STAMINATE SPIKE

GYNECANDROUS SPIKE OF
Carex festivella

PISTILLATE SPIKE

ALL PISTILLATE FLOWERS STAMINATE AND PISTILLATE
IN A HEAD SPIKES SEPARATE

Carex douglasii
DIOECIOUS PLANT

Carex nebraskensis
MONOECIOUS PLANT

Figure 2--Inflorescence types of Carex species
(modified from Lewis 1958).

Juncus

Rushes are grasslike annual or perennial herbs. Stems are
solitary, few together, or caespitose, arising from rhizomes. They
may be compressed or terete. Terete stems are sometimes hollow
and may have transverse septae. Reproductive culms are
terminated by inflorescences ranging from open panicles to
headlike structures (fig. 3). Flowers are perfect with six
membranous, scalelike, greenish to brownish tepals in two
whorls, six or sometimes three stamens, and a single pistil with
three stigmas. The fruit is a loculicidal capsule with three locules
bearing numerous tiny seeds (Hermann 1975, Welsh and others
1987). Seeds vary from elongate and spindle-shaped to nearly
spherical (Cronquist and others 1977). Seed color ranges from
yellowish-gold to gray or dark brown. The rudimentary embryo is
embedded in endosperm near the basal end of the seed. Seeds
are dispersed when the capsule opens at maturity.



INFLORESCENCE

o
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Juncus ensifolius

Figure 3--Morphology of a typical rush plant
(Juncus ensifolius) (modified from Hermann
1975).

HARVESTI NG

Mbst Carex achenes and Juncus seeds are
harvest ed between nmid-June and early COctober with
maturation date and duration of the harvest period
varying considerably with species, altitude, soi
noi sture, and | ocal weather conditions. Severa
factors nust be considered in selecting collection
sites:

1. Seed transfer guidelines have not been

established for Carex or Juncus species
Until such information becones avail abl e
seed or vegetative material should be
harvested at sites simlar to the proposed
planting site.

2. It may be necessary to search for a stand or
portion of a stand where mature achenes or
seeds of acceptable quality occur in
sufficient quantity to neet collecting
obj ectives. For species that rapidly
di sperse their achenes or

seeds at maturity, only a portion of the
stand may be available for collection on a
gi ven date

3. If single species collections are required
it may be necessary to |ocate a nonotypic
stand or take care to avoid collecting
unwant ed but simlar appearing species
growing in mxed stands. Germ nation
requirenents vary consi derably anong
species. Thus, it is best to harvest and
store collections of different species
separately for nursery production

4. Heads of pal atabl e species may be grazed
by livestock or wildlife

5. Attacks by insects and fungal diseases are
not uncommon. |nfested stands shoul d be
avoi ded

Tables 2 and 3 contain harvesting dates and
recomrendations for a nunber of common Carex and
Juncus _species derived fromour work, primarily in
sout hern 1 daho and eastern Oregon. Wthin
inflorescences, fruits of both genera generally ripen
fairly uniformy. Perigynia fill of Carex species
with thin, light-colored perigynia can easily be
determined with a hand | ens or dissecting mcroscope
(table 2). For species with thick or dark-col ored

perigynia, fill is estimated by pressing the
perigyni a between the thunmb and index finger. Both
perigynia and achene fill may be highly variable in

sone species such as _C. rostrata. Numerous enpty
perigynia occur in sonme C. nebrascensis and C

| anugi nosa col | ections.

It may be necessary to exami ne capsul es of
Juncus species with a hand lens or to shake intact or
crushed capsul es over a light-colored surface to
det erm ne whet her capsul es have begun openi ng and
seeds have dispersed. Color of mature fruits varies
with species and ranges fromgreen or straw col ored
to dark brown. It is not uncomon for all capsul es of
sone Juncus popul ations to be insect infested

Both Carex and Juncus species may be harvested
by clipping inflorescences. Sone Carex species are
nore rapidly collected by hand-stripping achenes from
inflorescences (table 2). If Juncus capsules are
open, sinply shake the seeds into a container
Attaching a collection bag or other container to a
belt or shoulder strap frees both hands for
harvesting. doves, clippers, and waterproof boots
are essential collecting equi pment

Achenes, inflorescences, and associ ated
materi al harvested fromwetl ands generally have a
hi gh noi sture content and poor storage potenti al
Thus, imediate drying in the field may be required
Overheating and warm danp conditions conducive to
devel opnment of nold nust be avoi ded. Collections
shoul d be | abeled carefully with location and a
detailed site description. A voucher specinen of a
typi cal plant should be collected, |abeled, pressed
and accurately identified. A sharp digging tool wll
be needed for extracting roots and rhizones



Takle 7.==Achané harvesting technelogy for selected [ntecmountain Carex species.

Achens Determinatien of
hagwest ing perigynia Harwest Eage of Achane Special
Spasiaa Commaon namne periad FLiit methad? collection? welghe! conaldarations®
-millions/kg-

Carex amplifolia Big=leaf =edge By, =5ept. 1.2 (Good clip =3 1.2 Large plants. Stout

fill comman} and coarse stens. Plants
may br scatbered.

Cares aquatilis Water aedge Rug.-Sept. 1,2 Clip -1 3.0 Check perigynia £1ll.
Ofeen dense scand.

Carex dovglasil Douglas sedge July-hug, 1.2 ciipf -4 2.5 inflerescence small. Plants

strip dicecious. Ferigynia E£ill
may be low. Low growling.
scattered plants,

Carex lanuginc=a Woolly sedge July-Sept. 1 clip/ -4 1.2 check perlgynia fill.

aLzip hehenes sormetimes smut
infested. Plants may be
soatiered.

carex lenticularis Lens sedge July=-Sept . 1 {Good clip/ 1-2 3.0 Parigynla disarciculate

£ill comman strip readily when mature.
Plants form large clusps.
Carex microgtera Small-winged June-Sept . L2 clipf 4-5 3.2 Inf loeescences small, Check
wwdage mErip perigynia £ill. Plants nmay
be scatbared.

Carex nebrascensis  Nebrasks sedge Aug . =Sept . 1.2 clip 2=3 2.1 Check fill. Large plants
with skoul stens. Flanls
nay be scattered,

Carex pachystachya Chamisso sedge June=hug. .2 sceip d-4 1.8 Small lnflorescences.
Achenes disarticulate
readily when matuce.

Carex prasgracilis Silver sedge June-Sept , 1.2 clipf 1-5 1.9 Small Inflorescencas.

scrip law growing, scattered
plants.

farex rostrata Beaked sedge Aug.-Sept . 1 clip 2=3 1.3 Plants large with stout
stens. Perigynia fill may
b low. Achenes sometimes
smut infested. Plants may
be scattered,

Carex sheldonif Shelden®s sedge Aug.-Sept. 1 Clip 2=3 1.1 Pergynia [il]l may be low.
hchenes somatlmes smut
lofested. Plents sometimes
scattered.

Carex simplata Shostbeaked July=Sepr, 1.2 clip/ 4=5 3.1 Small inflerescences.

sadge strip Flants often =scattered.

Carex stipata FPriskly sadge July-Sepk, 1 f(Geod clip/ 1-2 1.3 Large inflocescencas.

£111 common) strip Achenes disarticulate
readlly when mature.
Dense stand or scattered.
Carey subfuscd Fond sedge July=SepT. ki clips q=5 1.4 Heads small. Plants may be
abrip soattered. Faglgynia
disarticulate readily when
mature.

Carex wesicaria Blister sedge Aug.-Sept. 1 clip 2-3 1.8 Check seed 111, Plants
scattered to densely
cluatered,

Carex vulpinoides Fox sedge July-Sept. 2 |Geod clips 1=2 2.6 Large inflorescences.

fill seomnon) stelp 7.9 Achenes disartisulate

readily when mature.
Plants may be scattered,

irield pethods Lo test fer presence of achens within perigynia:

strip - hand atrbp achenes from inflorescences.

1 - Press perigynla between fingers.
2 - Examine perigynia with hand lens.
Zeiip - several inflorescences may be clipped at once.

Jppampt collection iz reguized for those species with achenes that disacticulate readily at maturity.
Uputhars’ datd, based on one or two conditiened eallections.
igeoring: l=achenes easily harvested. Seachenes difficult te harvest.
fswingle (1939}

Weighta include achenes and peclgynia.




Table 3.--Seed harvesting and testing technology for selected Intermountain Juncus species.

Seed
Common harvesting Ease of Seed Harvesting Viability testing
Species name period harvest! weight? considerations considerations
~millions/kg-
Juncus Jointed Aug.-Sept. 3 64 Inflorescence small.
articulatus rush Stems loosely clustered.
Juncus Baltic Aug.-Sept. 5 32 Inflorescence small. Clear seeds
balticus rush Number of seeds/inflorescence with lactophenol.
varies considerably among Seeds produce
populations. Seeds sometimes mucilage when
insect infested. Plant density imbibed.
highly variable. Plants
scattered.
Juncus Toad July-Aug. 3-5 58 Inflorescence and plants small.
bufonius rush 673 Capsules open soon after seed
maturation. Flowers solitary.
Juncus Soft Aug.-Sept. 1 96 Large inflorescences. Capsules Seeds produce
effusus rush open soon after seed maturation. mucilage when
Large clump-forming plants. imbibed.
Juncus Dagger Aug.-Sept. 3 152 Inflorescence size variable.
ensifolius rush Capsules open soon after
seed maturation. Plants
may be scattered.
Juncus Howell’s July-Sept. 1-2 79 Capsules open soon after seed
howellii rush maturation. Seeds sometimes
insect infested.
Juncus Slender July-Sept. 1-2 113 Capsules open early. Plants Seeds produce
tenuis rush sometimes clump-forming. mucilage when
imbibed.
Juncus Torrey’s Aug.-Sept. 2 81 Large inflorescences. Capsule
torreyi rush 834 only partially dehiscent. Some
seeds remain within capsules
overwinter. Plants may be
scattered.
lcode: l=easily harvested; ...5=difficult to harvest. 3stevens (1932)

2puthors’ data,

based on 1 or 2 conditioned seedlots

istevens (1932)



CONDI TI ONI NG

Drying and cl eani ng Carex achenes and Juncus
seeds is fairly sinple and basically the sane for
al | species of each genus. Harvested Carex
col l ections nmust be thoroughly air-dried in a warm
dry, well-ventilated area by spreadi ng seeds,
fruits, or inflorescences in a thin layer over a
fine screen. Drying inflorescences outdoors may not
be possible unless screens are also placed over the
material to prevent it from bl owi ng away.

Smal | lots of dried Carex achenes can be
separated frominflorescences by hand stripping, by
rubbing themw th the pal mof the hand, or by using
a rubbing board. It is not necessary to separate the
perigynia fromthe achenes. Care should be taken to
avoi d damagi ng achenes. Chaff can be renpved using
sieves (sizes 12 to 18 are useful) or an air-screen
cleaner. Purity may be further inproved using a seed
bl ower. Techni ques and equi prent used for cleaning
grass seed can be used for larger Carex |lots.

Fruiting cul ne of Juncus are best dried
upright in large buckets. Juncus capsul es open
during the drying process. Seeds can then be shaken
into a container and separated fromchaff using a
fine screen (0.3 to 0.6 mm openings).

STORAGE

We have limted information regarding the effect
of storage conditions on germnability, dornancy,
afterripening, vigor, or longevity of Carex achenes
or Juncus seeds (Anen and Bonde 1964, Bliss 1958,
Conmes and others 1978, Muenscher 1936, Schmid 1984).
Seeds of species in both genera are known to survive
for long periods in soil seed banks (Ebersole 1989,
H 1l and Stevens 1981, Jerling 1983). Viability of
species included in our studies (listed in tables 2
and 3) did not decline after 14 to 17 nonths of
storage in sealed containers at room tenperature.

Moi sture content of these collections ranged from6
to 8 percent.

SEED QUALITY

Purity

Wth careful cleaning it is possible to renove
many enpty or poorly devel oped achenes and seeds from
Carex _and Juncus col l ections. Mst Carex collections
can be cleaned to purities in excess of 90 percent
using a seed bl ower or by hand wi nnowi ng. Enpty
perigynia are included with pure seed when
calculating purity of Carex collections. Purity of
Juncus col lections is inproved by avoiding
inflorescences contanm nated with dirt, nud, or
di sease. Shaking seeds from open capsules directly
into a container without first crushing the capsul es
al so yields greater purity.

Fill
Fill of Carex perigynia and achenes, and Juncus
seeds may vary consi derably anpng col | ections. Carex
achenes nmust be sliced open to determne fill. Enpty

Juncus seeds are col |l apsed and therefore easily
recogni zed when vi ewed under a microscope.

Achene and Seed Wi ght

Few val ues have been reported in the
literature (tables 2,3). Qur data are based on one
or two conditioned central and southern |daho
collections for each species. Variability within
speci es has not been exam ned.

Viability

Viability tests are used to eval uate achene and
seed quality because standardi zed germination tests
for individual Carex and Juncus species have not been
devel oped. High viability seedlots may be obtained if
heal thy, mature fruits and seeds are selected for
harvest and collections are carefully conditioned.
Viability may be tested using the follow ng equi prent
and procedures:

I. Materials and Equi pnent

Wat chgl asses, filter paper (Whatman 5.5 cm
di aneter, white), razor blade (new, single
edge), TZ solution (1% 2,3,5-triphenyl
tetrazoliumchloride), distilled water,
teasing needle (fine point), Kimmpes,

di ssecting mcroscope, fine point banboo
strip, antistatic spray, glass plate.

Il.  Procedure for Carex

A Precondi ti oni ng

1. Label watchglasses, line with filter
paper.

2. Place Carex achenes (with perigynia
intact) in each watchgl ass; add
distilled water to cover.

3. Presoak 12 hours at 25°C.

B. Preparation for sectioning:
1. Lift one side of filter paper and
bl ot excess water from watchgl ass.
2. Transfer filter paper with achenes
to glass plate on nicroscope stage.

C. Sectioning
Carex _achenes nay be sectioned
| engt hwi se, crosswi se, or by renopving a
superficial slice (fig. 4). W have
found the first two nethods easiest and
nost effective. None require perigynia
renoval .
1. Lengthw se section
Hol d perigyniumin place with
forceps or index finger of one hand
and slice away 1/4 of the tissue



al ong one long side of the achene CAREX ACHENL
with a sharp razor blade (fig. 4).
Pl ace achene with enbryo intact in
TZ sol ution.

2. Cross section
Hol d basal portion of perigyniumin
place with forceps or index finger
of one hand. Slice away and discard
upper half of achene. Place | ower
hal f (containing the enbryo) in TZ
sol ution.

3. Superficial slice
Hol d basal portion of perigyniumin
place with forceps or index finger
of one hand. Carefully slice
through achene from nidsection to
the base, exposing, but not injuring
the enbryo. Place enbryo portion in
TZ sol ution.

PREPARATION FOR STAINING

CROSS SECTION LONGITUDINAL SECTION SUPERFICIAL SLICE

EVALUATION

D. Staining

Soak sectioned achenes in TZ
solution for 4 to 6 hours at

33 to 38°C or overnight at 25 to
30°C. |f achenes float, fold the
filter paper in half over them

E. Reading (eval uation of staining)

| luti f CUT ACHENE LENGTHWISE O 1.5 3 EMBRYO EXPOSED
1. B_ ot excess TZ' sol ution. Transfer THROUGH CENTER OF THE EVALUATE EMBRYO IN
filter paper with achenes to EMBRYO OR EXCISE EMBRYO mm PLACE
m croscope st age.
2. I f achenes were prepared by |engthw se
or crossw se sectioning, use needles JUNCUS SEED
to tease out the enbryo or cut achene
| engt hwi se through the center of the SLIT GROSSWISE FOR STAINING

) EVALUATE EMBRYO IN PLACE
enbryo (fig. 4).

3. If achenes were prepared by
superficial sectioning, enbryos
can be read in place.

4. Viable enbryos are firmand stain
uniformy red or pink (fig. 4).

Enbryos are consi dered nonviable if Figure 4--Viability testing procedures for Carex
they were unstained, lightly stained, achenes and Juncus seeds--sectioning
or darkly stained and flaccid. Firm techniques for staining and evaluation.

wel | stained i mmature enbryos are
consi dered vi abl e while those staining
lightly are regarded nonviabl e.
C. Sectioning

I1l. Procedure for Juncus 1. Wth a sharp corner edge of a razor
bl ade, make a small slit across the
The tiny seeds of Juncus (0.25 to 0.50 mmin seed without bisecting it (fig. 4). If
length) are difficult to handle due to static the seed is bisected, it is often
electricity. The problem can be mininzed by difficult to determine which of the
placing themon a glass plate sprayed with an two hal ves contains the enbryo.
antistatic product and mani pulating themwth a 2. Blot excess liquid fromfilter paper
banmboo probe, al so sprayed with an antistatic by placing it on blotter or Ki mui pe,
product . then fold it |ike an envel ope making
sure seeds are in the mddle.
A Preconditioning - as described for 3. Place folded filter paper in a dry
Car ex. wat chgl ass and add enough TZ sol ution
- to cover.

B. Preparation for sectioning - as

described for Carex. D. Staining _ .
- Soak sectioned seeds in TZ solution

for 4 to 8 hours at 33 to 38°C or
overnight at 25 to 30°C.



E. Reading (eval uation of stain)

1. Transfer the folded filter paper to
the mcroscope stage, unfold and read.

2. St ai ned enbryos of npbst species can
easily be read without excision.

Vi abl e enbryos are firmand stain

uni formy red or pink. Unstained,
slightly stained or darkly stained and
flaccid enbryos are considered

nonvi abl e.

3. Opaque seedcoats of some species such
as Juncus balticus are cleared by
soaki ng themin | acotphenol for 12
hours at 300C (table 3). Sonme Juncus
seeds are difficult to handle as they
produce nucil age when noi stened (table
3). Adding water to the filter paper
wi Il reduce sticking.

GERM NATI ON

Germ nation requirenents for common Carex and
Juncus species of the Intermpuntain Region are
summarized in table 1. Light and alternating
tenperatures are common requirenents for both genera.
Fungal devel opnent is a common problemw th nany
Carex col lections. Thus, it may be necessary to treat
achenes with a fungicide prior to pretreatnent or
i ncubation. Juncus seeds and germ nants are barely
visible to the unaided eye. Thus, a hand | ens or
di ssecting mcroscope is essential for conducting
germination tests. Static electricity problens
encountered with Juncus seeds can be m ninzed using
procedures described under viability testing.

Based on our experience, seed propagation is
operationally possible for fresh seed | ots of
nondor mant speci es such as Carex lenticularis, _C
subfusca, or Juncus articulatus and for those that
respond positively to cold pretreatnent (30 days at
3-50C) such as _C. anplifolia, _C nebrascensis, _J.
ef fusus, and _J. ensifolius. W are presently
devel opi ng germination pretreatnents for species that
do not respond to stratification.

LI TERATURE CI TED

Aren, Ralph D., and Erik K Bonde. 1964.
Dor mancy and germination in alpine
Carex fromthe Col orado Front Range.
Ecol ogy. 45(3):881-884.

Bliss, L.C. 1958. Seed germnation in arctic and
al pi ne species. Journal of the Arctic Institute
of North America. 11:180-188.

Cones, RD., V.F. Burns, and A D. Kelly. 1978.
Longevity of certain weed and crop species in
fresh water. Wed Science. 26:336-344.

Cronqui st, Arthur, Arthur Hol ngren, Noel Hol ngren,
Janes L. Reveal, and Patricia K Hol ngren. 1977.
Intermountain Flora. Vascular plants of the
Intermountain West, U . S.A Vol. 6: the
nonocot yl edons. 584 p. Col unbia University
Press, New York.

Ebersol e, Janes J. 1989. Role of the seed bank in
provi di ng col oni zers on a tundra disturbance
in Al aska. Canadi an Journal of Botany.
67(2):466-471.

Hansen, Paul L., Steve W Chadde, and Robert D.
Pfister. 1988a. Riparian dom nance types of
Mont ana. M sc. Pub. 49. 411 p. University of
Mont ana, M ssoul a, School of Forestry, Montana
Forest and Conservation Experinent Station.

Hansen, Paul L., Steve Chadde, Robert Pfister, [and
others]. 1988b. Riparian site types, habitat
types, and comunity types of southwestern
Mont ana. 140 p. University of Mntana, M ssoul a,
School of Forestry, Mntana Riparian
Associ ati on.

Her mann, Frederick J. 1970. Manual of the carices
of the Rocky Mountains and Col orado Basin.
U. S. Departnent of Agriculture Handbook 374.
397 p. Washington, D.C

Her mann, F.J. 1975. Manual of the rushes (Juncus
spp.) of the Rocky Muntains and Col orado Basin.
USDA Forest Service General Technical Report
RM 18. 107 p. Rocky Mountain Forest and Range
Experinment Station, Fort Collins, Colo.

H1l, MO and P.A Stevens. 1981. The density of
viable seed in soils of forest plantations in
upl and Britain. Journal of Ecol ogy. 69:693-709.

H tchcock, C. Leo, Arthur Cronquist, Marion
Ownbey, and J. W Thonpson. 1969. Vascul ar
plants of the Pacific Northwest. Part 1:
Vascul ar crypt ogans, gymmosperns, and
nonocot yl edons. 914 p. University of
Washi ngton Press, Seattle.

Jensen, Sherman and Joel S. Tuhy. 1982. Riparian
classification for the Upper Sal non/M ddl e Fork
Sal non Ri ver drainages. 195 p. Witehorse
Associ ates, Smithfield, Utah.

Jerling, Lenn. 1983. Conposition and viability of the
seed bank al ong a successional gradient on a
Bal ti c seashore nmeadow. Hol arctic Ecol ogy.
6: 150- 156.

Johnson, WM, J.QO Blankenship, and G R Bram
1965. Exploration in the germi nation of sedges.
USDA Forest Service Research Note RM51. 8 p.
Rocky Mountain Forest and Range Experi nent
Station, Fort Collins, Colo.



Lazenby, Alec. 1955. Germination and
establ i shment of Juncus effusus L. The effect
of different conpanion species and variation
in soil and fertility conditions. Journal of
Ecol ogy. 43:103-119.

Lee, Addison E. 1952. The growth of excised
i mmature sedge enbryos in culture. Torrey
Bot ani cal Cub Bulletin. 79:59-62.

Lewis, Mont E. 1958. Carex--its distribution and
i mportance in Uah. Science Bulletin, Biological
Series, 1(2):1-43. Brigham Young University,
Provo U ah.

Manni ng, Mary E., and Wayne G Pagett. 1989.
Prelimnary riparian community type
classification for Nevada. 134 p. USDA Forest
Service, |nternountain Region, Ecology and
Cl assification Program

Martin, A.C., and F.M Uhler. 1939. Food of gane
ducks in the United States and Canada. Techni cal
Bulletin 634. 156 p. U. S. Departnment of
Agricul ture, Washington, D.C

Mienscher, WC. 1936. Storage and gernination of
seeds of aquatic plants. Bulletin 652. 17 p.
Cornell University, Agricultural Experinment
Station, Ithaca, NY.

Pagett, Wayne G, A. P. Youngbl ood, and Al nma H
W nward. 1989. Riparian conmunity type
classification of Uah. R4-Ecol-88-01. 191 p.
USDA Forest Service, |nternopuntain Region.
Qgden, Ut ah.

Platts, Wlliam$S., Carl, Arnour, CGordon D. Booth
and others. 1987. Methods for evaluating
riparian habitats with applications to
managenment. General Technical Report | NT-221.
177 p. USDA Forest Service, |Internountain
Research Station, Ogden, U ah.

Ratliff, Raynond D. 1985. Rehabilitating gravel
areas with short-hair sedge sod plugs and

fertilizer. Research Note PSW371. 4 p. USDA
Forest Service, Pacific Southwest Forest and
Range Experinent Station, Berkeley, Calif.

Schmi d, Bernhard. 1984. Life histories in clonal
plants of the Carex flavagroup. Journal of
Ecol ogy. 72:93-114.

Shul |, George H 1914. The longevity of
subnerged seeds. The Plant Wrl d.
17: 329- 337.

Stevens, O A 1932. The nunber and wei ght of seeds
produced by weeds. Anerican Journal of Botany.
19: 784- 794.

Swingle, C.F. 1939. Seed propagation of trees,
shrubs, and forbs for conservation planting.
SCS-TP-27. 198 p. USDA Soil Conservation
Servi ce, Wshington, D.C.

Thonpson, K. and J.P. Ginme. 1983. A conparative
study of germ nation responses to
diurnal ly-fluctuating tenperatures. Journal of
Appl i ed Ecol ogy. 20:141-156.

Ungar, Irwin A and Terrence E. Riehl. 1980. The
effect of seed reserves on species conposition
in zonal hal ophyte communities. Botanical
Gazette 14(4):447-452.

Welsh, S.L., N.D. Atwood, L.C. Higgins, and S.
Goodrich. 1987. A Utah flora. Great Basin
Naturalist Menoir 9. 894 p. Brigham Young
Uni versity Press, Provo, Utah.

Wesner, L.E., A E Carleton, and R C Bailey.
1967. Seed eval uation of sedge species.
Proceedi ngs of the Association of Oficial
Seed Anal ysts. 57:107-111.

Youngbl ood, Andrew P., Wayne G Padgett, and Al nma H
W nward. 1985. Riparian community type
classification of Eastern |daho-western
Wom ng. R4-Ecol-85-01. 78 p. USDA Forest
Service, Internmountain Region, Ogden, U ah.



