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Seed germination in the Great Basin halophyte
Salsola iberica

M. Ajmal Khan, Bilquees Gul, and Darrell J. Weber

Abstract: Salsola ibericaSennen & Pau, a halophytic forb in the family Chenopodiaceae, is widely distributed in in
land salt deserts of Utah and widespread in North America. Experiments were conducted to determine the effects of
NaCl and temperature on seed germination and their recovery of germination from saline conditions after being trans
ferred to distilled water. Seeds &. ibericawere germinated at various temperatures and at various salinities in a 12 h
light : 12 h dark photoperiod to determine their germinability under these conditions. Increases in NaCl concentration
progressively inhibited seed germination. Few seeds germinated at 1000 mM NacCl. Cooler temperatures significantly
inhibited germination, while high night (25°C) and high day (35°C) temperature regimes showed higher germination.
Rate of germination decreased with an increase in salinity. Germination rate was higher at 25-35°C and lower at 5—
15°C temperatures. Seeds were transferred from salt solutions to distilled water after 20 days, and those from low
salinities recovered quickly at cooler temperature regimes. Recovery germination percentages substantially decreased
with an increase in salinity and temperature.

Key words halophyte, recovery of seed germinati@alsola iberica salt desert, thermoperiod, Utah.

Résumé: Le Salsola ibericaSennen & Pau, une herbe halophyte non-graminéenne de la famille des Chénopodiacées,
largement distribuée dans le désert salé continental de I'Utah, est fréquente en Amérique du Nord. Les auteurs ont
conduit des essais pour déterminer les effets du NaCl et de la température sur la germination des graines et leur réta-
blissement suite a un transfert a I'eau distillée a partir de conditions salines. Les auteurs ont fait germer des graines du
S. ibericaa diverses températures et salinités, sous une photopériode de 12 h lumiére : 12 h obscurité, afin de détermi-
ner leur pouvoir germinatif sous ces conditions. Des augmentations de concentration en NaCl inhibent progressivement
la germination des graines. Peu de graines germent en présence de NaCl 1000 mM. Les températures les plus basses
inhibent significativement la germination, alors que des régimes de températures élevées la nuit (25°C) et élevées le
jour (35°C) conduisent aux germinations les plus importantes. Le taux de germination diminue avec une augmentation
de la salinité. Le taux de germination est plus élevé a des températures de 25-35°C et plus faible a 5-15°C. Les grai-
nes ont été transférées des solutions salines a I'eau distillée apres 20 jours; celles provenant des faibles salinités se sont
rétablies plus rapidement a des régimes de basses températures. Les pourcentages de rétablissement de germination
diminuent substantiellement avec une augmentation de la salinité et de la température.

Mots clés: halophyte, rétablissement de la germination des graiBaksola iberica désert salé, thermopériode.

[Traduit par la Rédaction]

Introduction duce 100 000 to 200 000 seeds (Robbins et al. 1952). The
mature plant may break off at the ground line and be blown
by wind, which scatters the seeds as it tumbles along. In the

orthern Great Basin, Russian thistle germinates in spring

Salsola ibericaSennen & Pau (Russian thistle or tumble
weed) is one of the most widely occurring alien annual her
species in the saline-disturbed habitats of the western Unite nd matures as a summer annual. The oAt

. e . germination of halo
States (Welsh et al. 1987). This weed was first introduce ;
into the United States in 1873 in flax seeds brought from hyte seeds in temperate salt playas and salt marshes usually

X : . ) occurs in the spring when the temperatures are lower and
Russia (Robbins et al. 1952). Russian thistle has now spreaglj qqinjty is r%du%ed by precipitar':ion (Khan and Ungar
to millions of hectares in all western states to the PaC|f|clg84; Badger and Ungar 1989; Ungar 1995).

coast. It is a primary colonizer and a single plant can- pro The effect of salinity on seed germination of annual halo

phyte species indicates a great deal of variation in response
Received 11 October 2001. Published on the NRC Research ©© hypersaline conditions (Khan and Ungar 189799,

Press Web site at http://canjbot.nrc.ca on 14 June 2002. 1997). Maximum halophyte seed germination is reported
to occur in distilled water or under reduced salinity stress

M.A. Khan,* B. Gul,* and D.J. Weber? Department of (Khan et al. 2000). Annual halophytes vary in their upper
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rovo, LeL Mo A germination (Khan and Ungar 1984, 129%Ungar 1996).
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et al. 2000), andHalogeton glomeratug1000 mM NaCl, August to September. There are two wet seasons per year,
Khan et al. 200&). The rate of germination decreased with one extending from January to May and the other beginning
an increase in salinity. At higher temperatures, the ratén July or August. Seeds were collected randomly from the
of germination was significantly lower at higher salinities whole population during the fall of 1997 at Faust to get
(Khan and Ungar 19%9. an adequate representation of genetic diversity. Flowering
Sensitivity to periodic temperature fluctuation constitutesspikes and seeds were removed as the seeds matured. Seeds
an important sensory system that enables plants to respongere spread on tables at room temperature until thoroughly
to daily variations in soil surface. Temperature shifts maydried and threshed by hand through screens. A small fanning
affect a number of processes determining the germinabilitynill was used to separate seeds from chaff. Seeds were
of seeds, including membrane permeability, activity of rmem stored in sealed plastic jars at 4°C. Germination studies were
brane-bound proteins, and cytosol enzymes. Russian thistltarted in spring 1997. Seeds were surface sterilized with the
matures in time for germination to occur in the fall, but fungicide Phygon. Seeds showed 100% germination in dis
the inherent afterripening requirements severely limit thetilled water in a viability test. Germination was carried out
temperatures at which germination can occur (Young andih 50 x 9 mm(Gelman No. 7232) tight-fitting plastic Petri
Evans 1972). At the time of maturity, seeds of Russian-thisdishes with 5 mL of test solution (0, 200, 400, 600, 800, and
tle are rather specific in their temperature requirement forl000 mM NacCl). Each dish was placed in a 10-cm-diameter
germination. Therefore, germination is limited to very plastic Petri dish to prevent evaporation. Four replicates of
specific seedbed locations, and germination in the fall i25 seeds were used for each treatment in a completely ran
probably restricted to unusually warm and wet autumns irdom design. Treatments were assigned randomly over time.
the Great Basin. In the spring, seeds of Russian thistle wilEach experiment was conducted at least twice. Seeds were
germinate under an extremely wide range of temperaturesonsidered to be germinated with emergence of the radicle.

and will consequently have the potential to occupy many The effect of temperature on germination was determined
different sites (Young and Evans 1972). for six alternating temperature regimes of 5-15, 10-20, 10—
Salinity and temperature interact in their control of seed3g, 15-25 20-30, and 25-35°C. These categories of temper-
germination, and the greatest inhibition is usually found atatyres reflect spring germination conditions in the Great
the minimum or maximum limits of tolerance for tempera- Basin based on several years of monitoring the
ture (Khan and Weber 1986). Interactions between salinitymicroenvironment of seedbeds in the field (Evans et al.
temperature, and seed germination optima occur in haloj970; Evans and Young 1972). A 24-h cycle was used where
phytes (Hogan 1968; Rivers and Weber 1971; Rozema 197%he higher temperature (15, 20, 30, 35°C) coincided with
Phillipupillai and Ungar 1984; Badger and Ungar 1985;he 12-h light period (Sylvania cool white fluorescent light,
Khan and Ungar 1996, 1998). Phillipupillai and Ungar 110 ymol photons-m-s?, 400-700 nm high red/far red
(1984) determined tha&alicornia europaedad optimal ger-  atio) and the lower temperature (5, 10, 15, 25°C) coincided
mination (43%) at 5-15°C in 860 mM NaCl in comparison with " the 12-h dark period. Seeds were germinated in
with <2% in other thermoperiods. Khan et al. (2000) re-gisilled water and 200, 400, 600, 800, and 1000 mM NaCl
ported that germination déalicorna rubrawas significantly  sojutions under the above-mentioned temperature regimes.
higher at a 25-35°C thermoperiod at 600 and 800 mM NaClpgrcent germination was recorded on alternate days for
Halophyte seeds have the ability to remain viable for longpg gays. Seeds that did not germinate during the 20-day NaCl
periods during exposure to hypersaline conditions and thegeatments were transferred to distilled water to study the
germinate when salinity is reduced (Woodell 1985; Keifferyacovery of germination, which was also recorded at 2-day in
_and Ungar 1995). Hov_ve_ver, halophytes differ in their capacigryals for 20 days. The recovery percentage was determined
ity to recover from salinity (Woodell 1985; Khan and Ungar by the formula & — b)/(c — b) x 100, wherea is the total
1997). This variation in recovery responses could be dug,ymper of seeds germinated after being transferred to dis
to differences in the temperature regimes to which seedgjieq water, b is the total number of seeds germinated in
are exposed;Atriplex triangularis Halogeton maritima  gajine solution, and is the total number of seeds. The rate
Salicornia rubrag Triglochin maritima and Zygophyllum 4 germination was estimated by using a modified Timson
simplex provide clear examples of recovery response§pgex of germination velocity =G/t, where G is the per
affected by temperature regime (Khan and Ungar 1984¢qniage of seed germination at 2-day intervals tiglthe
1996, 1999; Khan et al. 2000, 2091 total germination period (Khan and Ungar 1984). The maxi
_ Our objective was to study the effect of temperature, samym value possible using this index with our data was 50
linity, and light on the percent germination, rate of germina (i.e., 1000/20). High values reflected rapid germination.

tion, and recovery from salt stress 8f ibericaseeds. Germination data (20 days and rate of germination) and
recovery germination data (20 days and rate of recovery of
Materials and methods germination) were transformed (arcsine) before statistical
analysis in order to ensure homogeneity of variance. Data
Salsola ibericagrows in the highly saline regions of an were analyzed using SPSS V.7.0 (SPSS Inc. 1999). Effects
inland saline flat situated 30 mi (48.3 km) south of the Greatof salinity and temperature on germination were examined
Salt Lake at Faust, Utah. Temperatures range from a-miniusing two-way analysis of variance (ANOVA). A two-way
mum of 0°C to a maximum of approximately 37°C. HansenANOVA was used to demonstrate the significance of main
and Weber (1975) found that temperatures gradually infactors (salinity and thermoperiod) and their interaction in
creased from May to July and gradually decreased fronaffecting the rate and percentage of final germination. A
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Fig. 1. Percent germination (mean + SE) 8&lsola ibericain 0, 200, 400, 600, 800, and 1000 mM NaCl at temperatures of 5-15,
10-20, 15-25, 20-30, and 25-35°C.
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Bonferroni test was used to determine whether difference$able 1. Results of two-way ANOVA of characteristics of seed
among means were significant between treatments withigermination ofSalsola ibericain relation to salinity, temperature,
each salinity concentration and temperature regifle<( and salinity x temperature interactions.

0.05). A linear regression analysis was used to determine tt

; : ; ot Salinity x
relationship between salt concentration and germination ¢ i - . ,
different sglinities g cIndependent variable  Salinity = Thermoperiodthermoperiod
Percent germination 14 %xx Q%> vk
Rate of germination 130%** 32 Gk*
Results Percent recovery 4+ 4 6***

. . . . — . . Note: Numbers represerf values; **P < 0.01, ***P < 0.001.
Germination ofS. ibericasignificantly increased at higher P
temperatures, decreased in higher salinities, and varied with

the interaction of the two factors (Table 1). Seed ger_minatioq.nent the recovery germination percentages did not change
was higher in distilled water at all temperature regimes ex ;

copt 515 and 10-20°C. Only a fow sceds germiTated 0 e yann /2522 1 relanstersally wesmen
1000 mM NacCl (Fig. 1). Germination was strongly affected P 9 g- %
by temperature. Germination at 5-15°C in the nonsaline
control was only 50%. Seeds showed higher germination ifyijscussion
all treatments at the highest temperature regime (25—35°(r:?
with 100% germination in the nonsaline control (Figs. 1 and Salsola ibericawas found growing in highly saline habi
2). The interaction between salinity and temperature onats at Faust, Utah. Veegetation growing there usually experi
germination was significant (Table 1). A linear regressionences a wide fluctuation in temperature and salinity during
explains a high proportion of the germination response witlthe growing season. It ranges from cold subfreezing (-7°C)
R? values ranging from 0.54 to 0.73 in various temperaturespring temperatures to very hot (~37°C) summer tempera
treatments (Fig. 2). tures. Moderate salinity levels occur due to the runoff water
The rate of germination calculated by using a modifiedfrom mountains, which accumulates in the playas during
Timson’s index showed that the rate decreased with an inearly spring (Khan et al. 20@], but the gradual evaporation
crease in salinity at all temperature regimes (Fig. 3). Theof water in late spring and early summer causes a €orre
rate of germination increased with an increase in temperasponding increase in salinity. Halophytes that germinate un
ture, and the highest rate of germination occurred in thaler these conditions should have the ability to cope with
25-35°C temperature regime (Fig. 3). When seeds werdarge variations in temperature and salinity (Khan and Weber
transferred to distilled water after 20 days of salinity treat 1986; Khan et al. 2000, 20612001b), and this makes sahn
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Fig. 2. Regression curves of final germination percentages of  Fig. 3. Regression curves of rate of germination percentages of

Salsola ibericaat different NaCl concentrations and Salsola ibericaat different NaCl concentrations and
thermoperiods. thermoperiods.
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ity and temperature the most important ecological factors Salinity and temperature are reported to interact in their
determining the germination of Great Basin halophytes.  control of seed germination, and the limits of tolerance to
In general, researchers have concluded that salinity-is insalinity may be greater at one thermoperiod than at another
hibitory to the germination of halophyte seeds in two ways:(Khan and Weber 1986; Badger and Ungar 1989; Ismail
(i) causing a complete inhibition of the germination processl990; Khan and Ungar 1996, 1997199M, 199%; Khan et
at salinities beyond the tolerance limits of a species an@l. 200k, 2001, 200Xk). An alternating temperature of
(ii) delaying the germination of seeds at salinities that caus85°C for 12 h (light) and 25°C for 12 h (dark) stimulated
some stress to seeds but do not prevent germination (Unggermination ofS. ibericain salinities ranging from 0 to
1995). The germination responses of seeds of annudl000 mM NaCl. Our results indicated that warmer alternat
halophytes to salinity are highly variable and species speing temperatures (night:day) were stimulatory for germina
cific (Ungar 1995). Rivers and Weber (1971) reported thation. Temperature has an effect on the germination of
seeds ofSalicornia bigelovii could germinate in up to halophyte seeds in both saline and nonsaline conditions
1369 mM NaCl. Khan and Weber (1986) reported that thg(Khan and Ungar 199 199, 1997%). Our study showed
germination of the Great Basin halophygalicornia pacifica that seeds oS. ibericawere highly salt tolerant at the ger
var. uathensiswas reduced from 55% in distilled water to mination stage but few seeds germinated at (—4.38 MPa)
3% germination at 856 mM NaCl. No seeds Alfenrolfea 1000 mM NacCl. Considering the extreme salt concentrations
occidentaliscould germinate beyond 800 mM NaCl (Gul in the surface of seedbeds in tBeibericacommunities, salt
and Weber 1999). Great Basin halophytes are known ttevel would have a negative impact on seed germination.
tolerate high salinity at germination, includingalicornia  The cooler thermoperiods (5-15, 10-20, and 10-30°C)
rubra (1000 mM NaCl, Khan et al. 2000Kochia americana inhibited germination considerably at all salinities. At
(1712 mM NacCl, Clarke and West 1969), as@ércobatus 1000 mM NaCl, maximum germination percentages were
vermiculatus Kochia scoparia and Suaeda moquinii obtained at 25-35°C, which correlates with the temperatures
(1000 mM NacCl, Khan et al. 20@] 2001, 200Xk). It is in-  that occur during late spring in Faust. Naidoo and Naicker
teresting to note that so many highly salt-tolerant species ar@992) found that warmer thermoperiods were more
found in the Great Basin desert compared with few speciestimulatory to germination in comparison with cooler
with similar tolerance reported from elsewhere (Onnis andhermoperiods. Similar results are reported Adtenrolfea
Miceli 1975; Khan 1991; Khan and Gul 1998). occidentalis Halogeton glomeratys Kochia scoparia
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Fig. 4. Percent recovery of germination &alsola ibericaat dif-
ferent NaCl concentrations and thermoperiods.
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	et al. 2000), and Halogeton glomeratus (1000 mM NaCl, Khan et al. 2001c). The rate of germination decreased with an increase in salinity. At higher temperatures, the rate of germination was significantly lower at higher salinities (Khan and Ungar 1997a

