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Germination in Black Greasewood (Sarcobatus vermiculatus
(Hook.) Torr.)

Absuact
Gteasewood (Satcobat*s *rmiaiatus (Hook.) Torr.) is an indigeoous spiny shrub found on
moist alkali-sodic soils in southeastetn Montana- Flowering is primarily in lugust, seed matures
in Ocrober. and seed shaner begins in \ovember. Filled seed percenrages ranged lrom 16 to 94.
Highly v iable dewinged seed numbered 425 per gm. lWhen rhd membinous per icarp is  rupturcd,
germination-a simple uocoiling of the embryo-may occur jn less tban an hour and rooi hairs
may appear in less rhan 24 hours. Rapid imbibition occurs wheo the pericarp is fully intact; how-
evef,. germination is slos and many achenes do not germinate even 

-afrer 
3b days;f beitr; fu[y

imbibed. Germination peaL was in two days, and germination .was 98 lercert complete in ten
days. Optimum germination temperar$tes were 4"C and 10'C without ltratification] and either
30"C or alternating remperatures when preceded by strarification-

Inlroduction

Black greasewood or greasewood is a spiny, erect shrub 1-2 m in height (Booth and
Vright, 1966). The species is distributed throughout most of the wesreln states olr
heavier soils which receive either surface or subsurface moisture from higher areas.
Clemeots (1916) described greasewood communities as being stable due to excess
salts, relying on water tables, and having soil surfaces that frequently dry out during
summer. This water table may be up to 6 m deep ( Rollins et al., 1968).

Soils on which the species grow retrd to be clay-loams, sihJoams, or deep fine sardy
loams; these soils are most likely alkati-sodic in the upper stratum immediately uoder
the plana qown, aod either saline or alkalisodic berween plants and in the suata below
a depth of 23-30 cm (Brown, 1965; Fireman and Haywatd, 1952; Richard, 1!6Ja,
I965b; and Richard and Clirc, 1965). Greasewood co[cenuares exchangeable sodium
in the surface horizon underneath rhe caropy (Richard and Cline, 196r') , aod this con-
centration is directly related to canopy size. Soils suppordng greasewood can have ex-
changeable sodium as high as 12.0 meq/100 gms ( Brown, 1965) and pH as high as
9.81 ( Fireman and Hayward, 1!52).

The forage value of the plant varies by area and animal species. It is reported as good
browse for deer and antelope, aod it is occasionally browsed by cattle (Motri.s et al.,
L962); it is considered poisonous to sheep under conditions of high, rapid iotake be-
cause of its oxalate production (Maclean and Davidson, 1970).

Greasewood coflcenffates sodium in the upper soil horizons, appeals to be a stable
domioant under moist-sodic conditions, and occurs widely in the Fort Union Basin of
southeastern Morltana. It is important to understand its ecological significance within
the plant community and its respoose to reclamation and rehabilitatioo practices of large
expanses of disturbed lands resulting from coal stlip mines. This paper examloes some
of the aspects of plant establishment (particulady gemi[ation) that should aid in
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determining the plaot's ecological requirements and respoose vrithin the lrafttral com-
munity, as well as its respoose to perturbations within that commuoity. Germioation
studies have not previously beeo reported.

Methods and Materials

Seeds from greasewood were collected tt 1975 and 1976 near lpsie, Montana, on an up-
land bench in the mixed-prairie, and in 1975 from the Toogue River bottoms south of
Birney, Montaoa. Collection was by hand stripping in late October and November of
197) and late September of 1976. Seeds were dried under cool conditions, the wing
removed from the dried seed by a mechanical flail, hand screened, and sored in rhe
laboratory in paper envelopes ar 21oC and 20 perceot relative humidity.

Seed fill determinatioos were made from tefl samples of ten seeds each, and from
analysis of ungerminated seeds in the germinatign trials. Five mndom samples of 100
seeds each v/ere weighed to obtain seed number per unit weight and two samples of
13 cm3 each were used to estimate weight-volume relationships.

Seeds vrere dusted vrith captao, placed directly on moist pure cellulose pads io cov-
ered petri dishes, and germinated under conffolled temperature and light coodidons.
Four replications of 25 seeds each were examined ulder each treatme[t. Germination
counrs were made daily for 30 days. Seeds were considered germinated when the radicle
protruded 5 mm or more. The stratification treatment, when applied, consisted of plac-
ing the seeds on moist cellulose pads within a 4oC dark cabinet tor 3O,6O, and 90 days.

Germination was conducted ar 10, 20, and 30"C constalt rcmperaturc, ar'd at 20-

5'C ancl 30-20"C day-night alternating temperatures. Light exposure treatments were
dark, 8 hours light, and 14 hours light.

Observations were made on seed and seedling morphology, and the ettect of frcez-
ing on imbibed embryos.

Phenology observations in the genetal area of seed collection were made in 197) to
determine seed ripe and seed shatter dates.

Resulls
In southeastern Montana pisrillate flowers were found from late July to late August
in 1975. Seed set began io mid-August, marure seeds appeared io late September, and
all seeds were mature by early November, ar which time seed shatter began. A fevr seeds
produced in 197 4 wete found intact in July of 1975, so seed shatter appears to be a slow

Pfocess.
The greasewood fruit is a circular, winged, coriaceous utricle cootaining ao achene

composed of a transpalent membrane (pericarp) which surrounds a helically coiled
embryo (Figs. 1 and 2). No endosperm is presenr The embryo coil contains the two
cotyledons innermost, successively followed by the hypocotyl arrd the radicle. Both the
coryledons and hypocotyl are chlorophyllous at seed maturiry.

In the germination studies the percentage of filled seed became very important,
inasmuch as it varied from 16 to 94 percent (Table 1) . Insect damage was particulady
high-5S percent-in the 1976 collectioo from Epsie. Usiog a seed blower eliminated
rreafly ali damaged, undeveloped, and empty seeds from the trials.

\Teight of dewinged seed proved to be the best measure of seed quality. Dewinged
seed from Epsie and Birney collections from which empty seed had been removed by
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Figure l Winged utricle oI greasewood (scalein mm).
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Figltrre 2. a) Dewinged greasewood utricte, 5) I)ericarps intact, and c) the helically coiled embryo

(scale in mm).
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a seed blower yielded 425 and 435 seeds per gm, respectively (coefficient variatior-
CV : 2 perceot and 1 percent, respectively). Random samples from dewinged seed of
the Epsie-76 collection yielded 77) seeds per gm (CV - 5 percent). Filled dewinged

seed ftom the Birney collection averaged 606 gm per liter, while dewinged seed from

rhe roral populatioo in the Epsie-76 coilection averaged 202 gm pet liter.

lfABLrt 1. Characierislics oi creasevooal seeal collected in 19?5 at Dpsie and Birncv and jn 197tj

at Epsic (s:starahral deviatjon).

Insec t
Irilled Damngeal Emply

I tps ie  ? t
B imcy-?5
Eps ic -76

14 1,1-  3
6  7 . 0

2 6  1 3 . 5

1e  ? .0
1  3 .2

58  14 .8

? 0  1 5 . 6
9 4  ? . 0
1 6  9 . ?

The germination process is one of rapid irnbibirion by the pericarp and embryo;

if the pericarp is ruptured or rveak in any area, the imbibition is follovred by an im-

mediate uncoiling and extension of the radicle, hypocotyl, and finally the cotyledoos
(Fig 2). The radicles on many seeds from the Epsie-75 collection wete protruding be-

fore they cor:ld be placed in the germioator and some seedlings were fully fotmed in ao

hour.

Root hairs appear early, on some seedlings within 24 hours. Radicle elongation pre'

cedes cotyledon elongation, aod the cotyledons rernain partially coiled up to an avelage

radicle length of 25 mn-r. Radicle elongation depeods on contact rvith substiate; in this

study it averaged 70 mm/24 hr fot the first five days at optimal temPeratures.

The Birney-75 collectioo respooded by rapid imbibition of the embryo and pericarp;

nonetheless, the pericarp did not rupture, and although it mainrained a positive pres-

sure ioside, the embryo did not emerge. This turgid, fully imbibed condition lasted the

full 30 days on many seeds. Rupture of the membrane with a needle carised a rapid

expansion of the embryo.
Germination eoergy was high for both the Birney-75 and the Epsie-75 and -76

collections. A majoriry (60 percent) of the trials reached a peak getminatioo rnte in

two days. Sixty-seven percent (s-2.1) of all seed had completed germioation at the

end of two days. A ten-day cut-off poinr Jn germio.rtioo counting is suitable since no

seed germinated after this poiot in 41 percent of the trials, aod the mern gerrninrtion

after 10 days for all ttials was 1.8 percent (s:2.2) of the total final germinarion

Optimum germination temPeratures were cool (10'C) without sttatification, and

waln (20-30'C) rvith stratification (Table 2). A period of cool, moist stratification

reduced germination perce[tage and tate wheo followed by temperatules below 20'C.

Data show that stratification is neirher requited for high germioation nor does it

necessarily inhibit getmination.
The only significant difference in light and dark germination was a reductioo a!

warm (30oC) temperarures undet dark conditions.
A petiod of after-ripeniog is apparently oecessaty fot the embryo to matufe. This

time required for maruration ranges from a minimum of 30 days to a maximum of 60

days under dry conditions. Immediate germination of seed, without an aftet-ripening

period, never exceeded 24 percent.
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Germination response also changed rvith longer petiods of after-ripening. Percent
germioatioo at low temperatures improved significantly (P-.90) as seed age in-
creased. Following 90, 180, and 300 days of dty storage, germination at 4oC dark was
43, 57, ar'd' 93 percent, respectively.

'I-{llLE 2. Cermination Dcrcenl ol srease$.ood seed based on pure, tivc seed Dpsie ?t lrnd -i0
collcciions.

TemDcra ture  ( 'C)

Conslani Aliernai'ns

Ljsltt

UNSTItATIFI]]D

STRATIFIED
30 day
60 day
90 alay

3 0  ? 0 - 5  3 0 - 2 0

61ad
3 e a

96ce ?6bdc 04cde
l00cde 100cde 100cde

84 l rc  96d 100e

Dark-0
I

*Oplimum serminaiion, numbers in bold lace noi sisniiicantly djtiercni (F:.90) lhm xHxmum.
**Ro$r means not iolloweil by ihe sahe leiter are sisnificanuy diflereni (P:.90), as determined by
la ' r -v isc  sample  t  tes t .

Rate of germination reached a maximurn following 60 days of storage. Two days
were required to reach 50 percent of total germioation with no differences existiog io
the 10-30'C range, or between light and dark ueatrnenrs. As with total germinarion,
the rate appears much slower for freshly collected seed, and it appears to be directly
related to temFerature-

Seed from the Birney collection germinated at about rhe same iare as that of rhe
Epsie collections. Although the Birney seed averaged lower total germination, the dif-
fetence was significaot only at 10oC tempelaftrre (86 vs.66 percent). The major dif-
ference in the tq'o collections was the retained viability of the ungerminated seed from
the Birney collection, while ungerminated seeds from rhe Epsie collections had all lost
rhe i r  v iab i l i r l  a r  the  end o f  J0  deys .

Since the breakdown of rhe pericarp is necessary for germination, freeze-thaw actioo
was examined for indications of response. Foltowing the 30-day germinatioo trial, two
samples from the Birney collection containing 10 germinated seedlings and 15 fully
turgid embryos still surrounded with rhe pericarp were placed n a fteezer (-10'C), one
for 24 hours and one for four days, afrer which they were exposed to 20'C tempera-
ture and eight hours of light. The short freeze stimulated ail imbibed embryos to ger,
mioate and did not damage previously emerged seedliogs. The longer freeze period
killed all previously emerged seedlings, but again the imbibed embryos germirated
when placed in the warmer environment.

Discussion

Black greasewood in southeastern Montana begins to form matufe seeds by late Sep-
tembet. Following an after-ripening period of 30-60 days, germination is high at either
high or losr tempeiatuies, although there is an iocrease in the ability of seeds to ger
mioate at very lo$/ temperatures with longer after-ripening periods.

Germination from pure, iive seed should e{ceed 60 percent uodet optimal condi"
tions. Germination and seedling growth are both very rapid from embryos not sur-
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rounded by a resistan. pericarp, while germioation is slovred or delayed for embryos
surrouoded by a resistant pericarp unless, as indicated above, freeze-thaw actioo breaks
the membrane down. Observations made oo the two populations suggesr rhe preseoce
of a chemical inhibitor to germination in the Birney collection which at least slows
germioation in 25 percent or more of the populatioo. Although this inhibitor may be
presenr in rhe Epsie population, rhe membfanous pericarp is flot co[tinuous around
the embryo, and thereby allows unrestricted embryo expansion. Seeds from both popu-
lations would be expected to germinate differeotly uoder oatuml conditions. Fall ger-
mination should occur in both; however, the Birney source possesses a delay mechan-
ism for a portion of the seed. High seedling mortality would be expected on a site where
freeze-thaw actiofl occuls, for example, on southerly aspects.

Seed dispersal from the plant is a gradual process occurriflg throughout the late fall,
winter, and spring, therefore preseoting a multitude of conditions for germination.
Although all indications are thar greasewood should be quite competitive in reproduc-
ing itself, established seedlings were infrequent at the rwo collection sites. Since the
species is long-lived and pfoduces abufldaor se€d, maintenance in the community seems
assured. Regeoeration, however, would be strongly reduced by insect-caused seed dam-
age as shown in the 58 percent embtyo loss of the 1976 Epsie collectioo and by freeze-
iojury to new seedlings.
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