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Seed germination characteristics of Halogeton
glomeratus

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

Abstract: Halogeton glomeratu¢Bieb.) C.A. Mey, an annual forb in the family Chenopodiaceae, is widely distributed

in the inland salt deserts of western North America. Experiments were conducted to determine the effects of NaCl and
temperature on seed germination and the recovery of germination responses after transfer to distilled water. Seeds of
H. glomeratuswere germinated at various temperature regimes (5-15°C, 10-20°C, 10-30°C, 15-25°C, 20-30°C, and
25-35°C), and salinities (0, 200, 400, 600, 800, and 1000 mM NaCl) in a 12 h dark : 12 h light photoperiod. Increases
in NaCl concentration progressively inhibited seed germination, and this inhibition was more substantial in the dark
than in the photoperiod treatment. Seed germination at concentrations higher than 800 mM NaCl was low (10%).
Cooler temperatures significantly inhibited germination in all treatments. A temperature regime of high night (25°C)

and high day (35°C) temperatures led to higher germination. Rate of germination decreased with an increase in salinity
and was highest at 25-35°C and lowest at 5-15°C temperature regimes. Seeds were transferred from salt solution to
distilled water after 20 days, and those from high salinities recovered quickly at all temperature regimes. Recevery ger
mination percentages from the highest salinity treatment varied from 51 to 100% at various temperature regimes.

Key words Great Basin desertlalogeton glomeratyshalophyte, recovery of seed germination, salt deserts,
temperature regime.

Résumé: L’ Halogeton glomeratysune herbacée annuelle de la famille des Chenopodiaceae, est largement distribuée
dans les déserts salés continentaux de I'ouest de I'Amérique du Nord. Les auteurs ont effectué des expériences afin de
déterminer les effets du NaCl et des températures sur la germination des graines et sur la reprise de germination apres
un transfert dans I'eau distillée. Les germinations des grainestHiegglomeratusont été conduites sous des régimes

variés de température (5-15°C, 10-20°C, 10-30°C, 15-25°C, 20-30°C, et 25-35°C), et de salinité (0, 200, 400, 600,
800, et 1000 mM NacCl), avec une photopériode de 12 h de lumiere et 12 h d'obscurité. Les augmentations de concen-
tration en NaCl inhibent progressivement la germination des graines et cette inhibition est plus importante a I'obscurité
gu'avec la photopériode utilisée. Aux concentrations plus élevées que 800 mM de NaCl, la germination des graines est
faible (10%). Des températures plus fraiches inhibent significativement la germination avec tous les traitements. Un ré-
gime de température élevée la nuit (25°C) et élevée le jour (35°C) entraine une plus forte germination. Le taux de ger
mination diminue avec une augmentation de la salinité; il est le plus élevé et le plus faible respectivement avec des
régimes de température de 25-35°C et 5-15°C. Lorsqu’on transfert les graines d’'une solution saline a I'eau distillée
apres 20 j, celles provenant des solutions méme les plus salines recouvrent rapidement sous tous les régimes de tempé
rature. Les pourcentages de reprise de germination vont de 51 a 100% sous divers régimes de température.

Mots clés: désert de Grand Bassihlologeton glomeratyshalophyte, reprise de germination, déserts salés, régime de
température.

[Traduit par la Rédaction]

Introduction survive in the seed bank for up to 10 years (Whitson 1987).
Halogeton glomeratusis adapted to alkaline soils and
semiarid environments (Harris 1990). It is distributed in-dis
furbed sites along witiKochia scoparia, Salsola iberica,
Distichlis spicatamixed desert shrub, salt desert shrub, and
pinyon—juniper communities. It is common at elevations of
1220 to 1985 m in most counties of Utah (Welsh et al.
1987). It occurs on soils that are heavy clays, clay loams,
Received March 9, 2001. Published on the NRC Research and loamy sands; and does b_est in soil_s_where NaCl Iev_els
Press Web site at http://canjbot.nrc.ca on October 5, 2001, aré around 5800 ppm (Cronin and Williams 1965). This
o plant was introduced from Eurasia into northern Nevada in
M.A. Khan and B. Gul. Department of Botany, University  the early 1930s. It spread quickly into the desert lands of
gf JKa\‘;\i/a.e(:kr)]é’rF%r:CQII’EZnE)eZnZO(,)fPBa(I)(tI:It’Ian;’an d Range Science Nevada and Utah. The plant is rich in oxalates and poses a
Bfig.ham Ydung %niversity, Provo,yUT 84602%181’ Usa  Serious threat to grazing animals, especially to sheep, which
have suffered heavy losses for several decades (Welsh et al.
1Corresponding author (e-mail: darrell_weber@byu.edu). 1987). Halogeton glomeratuseeds contain about 25% oil

Halogeton glomeratugBieb.) C.A. Mey is a succulent an
nual forb (Goodman 1973) with a taproot that can penetrat
as deep as 51 cnialogeton glomeratusan produce about
450 kg of seeds per hectare (Cronin and Williams 1965)
These seeds have dormancy, which allddvsglomeratusto
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with 85% unsaturation, making it a first-rate edible oil placed in a 10-cm diameter plastic Petri dish as an added precaution
(Weber et al. 2001). against loss of water by evaporation. Four replicates of 25 seeds
Great Basin desert halophyte species are reported to thach were used for each treatment. Seeds were considered to be ger
very highly tolerant to NaCl (Rivers and Weber 1971; Khan™inated with emergence of the radicle. . .
and Weber 1986: Gul and Weber 1999: Khan and Ungar The foect of temperature on germination was determined for six
1999: Khan et al ’2000 20812001) Maxi’mum halophvte alternating temperature regimes of 5-15, 10-20, 10-30, 15-25,
! Lo AT pny 0-30, and 25-35°C. A 24-h cycle was used, where the higher
seed_ germination occurs in distilled water or under reduce mperature (15, 20, 30, 35°C) coincided with the 12-h light period
salinity stress_(Khan et al. 208l Great Basin species that_ (Sylvania cool white fluorescent light, 130mol photons-mé-s,
have a very high salt tolerance at the germination stage in100-700 nm) and the lower temperature (5, 10, 15, 25°C)-coin
clude Kochia americang1700 mM NacCl, Clarke and West cided with the 12-h dark period. Seeds were germinated in distilled
1969), Salicornia pacifica(856 mM NaCl, Khan and Weber water and 200, 400, 600, 800, and 1000 mM NaCl solutions under
1986), Allenrolfea occidentalis(800 mM NacCl, Gul and the above-mentioned temperature regimes. Percent germination
Weber 1999)Salicornia rubra(1000 mM NaCl, Khan et al. Was recorded on alternate days for 20 days. Ungerminated seeds
2000), Suaeda moquinii(1000 mM NaCl, Khan et al. from the 20-day NaCl treatments were transferred to distilled water
2001a5, Kochia scoparia (1000 mM NaCI,, Khan et al. to study the recovery of germination, which was also recorded at 2-

. day intervals for 20 days. The recovery percentage was determined
2001), and3arcobatus vermiculaiid000 mM NaCl, Khan by the following formula: & —b)/(c —b) x 100, wherea is the total

et a'-_ZQOt); . . . number of seeds germinated after being transferred to distilled
Variation in temperature under saline conditions has dif water, b is the total number of seeds germinated in saline solution,
ferential effects on the germination of halophytes (Ungarandc is the total number of seeds. The rate of germination was es
1995). All halophytic species previously studied from thetimated by using a modified Timson index of germination velocity
Great Basin desert modify their seed germination with= Z G/t, whereG is the percentage of seed germination at 2-day
changes in temperature (Khan et al. 2801Germination intéfvals andt is the total germination period (Khan and Ungar
and rate of germination increased with an increase in- tem1999). The maximum value possible using this index with our data
perature and optimal germination was obtained at a teraperd/@s 50 (i.e., 1000/20). The higher the value, the more rapid the
ture regime of 25-35°C (Khan and Weber 1986: Gul and® °f Qef”."”agon- dav and . o g
Weber 1999: Khan 1999: Khan et al. 2000, 280200, Germination data (20 day and rate of germination) and recovery

ata (20 day and rate of recovery of germination) were transformed
200Ic). Khan and Ungar (1999) reported that seeds Of(jarcsine) before statistical analysis to ensure homogeneity of vari-

Triglochin maritima failed to germinate if the temperature ance pefore analysis. These data were analyzed using the proce-
was 5°C or lower. dures in SPSS, V.9.0 (SPSS Inc. 1999). Effect of salinity and
Halophyte seeds have the ability to maintain seed viabilittemperature on seed germination was examined using two-way
for extended periods of time during exposure to hypersalinenalysis of variance (ANOVA). A two-way ANOVA was used to
conditions and then commence germination when salinitglemonstrate the significance of the main factors (salinity and tem-
stress is reduced (Woodell 1985; Keiffer and Ungar 1995)perature regime) and their interaction in affecting the rate and per-
However, halophytes differ in their capacity to recover from€nt germination. _ _ _
salinity stress (Woodell 1985). This variation in recovery re- hA 't')”‘tear regrelsts'on a”a;'yst!s was dused to dt.ete”q'g.eﬁthe rtelat;pr)-
sponses could be due to differences in the temperature r%e'sp etween salt concentration and germination at different saiini
gime to which they are exposed (Gul and Weber 1999).
Recovery responses in Great Basin and other halophytes are
significantly affected by temperature regimes (Khan andResults
Ungar 1997; Khan and Gul 1998; Gul and Weber 1999; L o , ,
Khan et al. 2000, 20Gi 2001, 200L). ~ Germination ofH. glomeratussignificantly increased with -
The primary objective of this investigation was to study Increasing temperature, decreased with increasing salinity,

the effects of temperature and salinity on the percent germ@nd @ significant interaction was found for the two factors
nation, rate of germination, and recovery responses of!aPle 1). Seeds off. glomeratusgerminated rapidly in
H. glomeratusseeds. nonsahne_ co_ntrols at all temperatures tested and reaqhed fi
nal germination percentages in less than 4 days (Fig. 1).
Seed germination was higher in distilled water than in any of

Materials and methods the saline treatments (Fig. 2). Less than 10% of the seeds

Seeds ofH. glomeratuswere collected during the fall of 1996 germinated in the 1000 mM NaCl treatment (Fig. 1). Change
from a salt flat located 2.5 miles (4.0 km) northwest of Faust, Utahin temperature regimes significantly affected the germination
U.S.A. Seeds were collected randomly from the whole population t@f H. glomeratusseeds (Figs. 1 and 2). Germination at 5—
get an adequate representation of genetic diversity. The flowerind5°C in the nonsaline control was only 58%. Seeds showed
spikes and seeds were stripped, and the materials were spread Righer germination in all treatments at the highest tempera
tables at room temperature until thoroughly dried and then threshefjre regime (25-35°C) with 100% germination in the
by hand through screens. A small fanning mill was used to Separagonsaline control (Figs. 1 and 2). A linear regression ex

the seeds from chaff. Seeds were stored in sealed plastic jars at 4°C;..; : ; P
Germination studies were started in the late fall of 1996. Seeds we ains a high proportion of the germination response Wth

surface sterilized with the fungicide Phygon (Phygon had no effec alues ranging from 0.73 to 0.91 in various temperature
on seed germination). Seeds had 100% germination in distilled walf€atments (Fig. 2). _ .

ter in a viability test. Germination was carried out i 8 9 mm The index of germination velocity calculated by using a

(Gelman no. 7232) tight-fitting plastic Petri dishes with 5 mL of test modified Timson’s index showed that the rate decreased with

solution (0, 200, 400, 600, 800, and 1000 mM NaCl). Each dish wasin increase in salinity (Fig. 3). The rate of germination in

© 2001 NRC Canada



Khan et al. 1191

Fig. 1. Mean germination percentages laélogeton glomeratugn 0, 200, 400, 600, 800, and 1000 mM NacCl at different
thermoperiods.
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Table 1. Results of two-way ANOVA of characteristics by salin- Fig. 2. Final germination percentages Bfalogeton glomeratusit

ity, thermoperiods, and their interaction. different NaCl and thermoperiods.
Salinity X 100 + 5-15°C 10_2000
Independent variable Salinity Thermoperiodhermoperiod 80 o
Percent germination  154.75***  33.00*** 5.33%** 60 - :
Rate of germination  223.99***  46.74*** 7.64%**
Percent recovery 16.73*+* 5 27*** 3.23%** 401
Rate of recovery 4,88%* 0.87ns 2.09** 20 1 ¥ = 0,08 + 5881 X
=0. + . ° _
Note: Values represents-values. ns, not significant. 0 1 R2 = 0.80 P < 0.0001 YZ_ 0.056 + 58.90X
**P < 0.01. i : R< =0.85 P < 0.0001
P < 0.001. o 100 15-25°C 20-30°C
o) go] $

c
creased with an increase in temperature and the highest rate@ 60 1

of germination occurred in the 25-35°C temperature regime § 40

(Fig. 3). A two-way ANOVA of rate of germination indi € 2

cated a significant effect of salinity and temperature and & Y = 0.053 + 65.09 X Y =0.082 + 88.90 X
their interaction (Table 1). O %1k2- 073 p<o0ooor  |R?= 089, P<0.0001

After 20 days of salinity treatment, seeds were transferred
to distilled water to determine the recovery of germination 100
after salt inhibition. The results presented in Table 2 show 80
that the recovery decreased with an increase in NaCl cencen 60
tration at the temperature regimes tested. At lower salinities

T T T T T *

0 200 400 600 8001000

NaCl (mM)

(0—600 mM NacCl), the recovery of germination progressively 40

increased with an increase in temperature; however, at NaCl 20 Y = 0.095 + 104.29 X8
concentrations of 800 mM and above no significant effect of 0|2 =.o o1 P<'0 0001
temperature was noted (Table 2). A two-way ANOVA of re y—— 1t
covery percentages and rate of recovery indicated a significant 0 200 400 600 8001000
effect of salinity and their salinity x temperature interaction,

(Table 1) but temperature alone was not significant in affect NaCl (mM)

ing the rate of recovery of germination.
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Fig. 3. Mean rate of germination dffalogeton glomeratugn various salinities and thermoperiods. Values at each temperature regime
having the same letter are not significantly differeRt< 0.05) from the control (Bonferonni test).
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Table 2. Recovery percentage (mean = SE) of germination of Our results showed thatl. glomeratus a typical Great

Halogeton glomeratusfter they were transferred from 0, 200, Basin desert halophyte, is highly tolerant to NaCl at the ger-
400, 600, 800, and 1000 mM NaC1 at thermoperiods of 5-15°C,mination stage. All seeds germinated at optimal temperature
10-20°C, 15-25°C, 20-30°C, and 25-35°C. (25-35°C) in distilled water and any increase in salinity in-
NaCl (mM) 5-15°C  10-20°C 15-25°C 20-30°C 25-35°C hibited germination. L_efss than 10% of _the seeds germinated
at 1000 mM NaCl. Ability of Great Basin desert halophytes

0 85 66r5&m - 76£5.&  84rA( - 100:( to germinate under highly saline conditions has been re-
200 45+3.0 42+5.3 4819 70+3.% 85+1.D . i
ported (Khan and Weber 1986; Gul and Weber 1999; Khan
400 42+3.® 28+1.6 35+2.%H 6181 72+6.& )
and Ungar 1999; Khan et al. 2000, 2@)2001, 200Lk).
600 26+1.2 28+1.& 30+£2.c 50+3.4 52+9.0d Kh L (2000 dth d . . b
800 20£4.6  21+1.91 24+4.% 22t7.4 22476 an et al. (2000) reported that seedsSaflicornia rubra,a
1000 743.0  0+0e 6+1.61  0+0d 8+1 & playa annual forb, ger_n_nnated_at_ 1000 mM NacCl under-opti
- — - mal temperature conditions. Similar results were reported for
Note: Different letters represent significar® & 0.05) differences Kochia scoparia(Khan et al. 200t); however, another an

between salinity treatments, based on ANOVA and Bonferroni tests. . g ! -
y nual from the Great Basin communitjriglochin maritima,

could not germinate at 500 mM NaCl or above (Khan and

Ungar 1999). Other perennial halophytes from the area such

Di . as Salicornia utahensis, Suaeda moquinii, Allenrolfea
IScussion occidentalis,and Sarcobatus vermiculatushow some seed
Vegetation growing in the Great Basin desert usually ex germination at 800 mM and above (Khan and Weber 1986;

periences a wide fluctuation in temperature and salinitySul and Weber 1999; Khan et al. 2G01200X).

during the growing season. It ranges from cold subfreezing Seed germination oH. glomeratuswas substantially af
(=7°C) spring temperatures to very hot (~37°C) summeifected by change in temperature. Cooler temperature re
temperatures. Hansen and Weber (1975) found that tempegimes either delayed germination of the control under low
atures gradually increased from May to July and graduallysalinity treatments or inhibited it at higher salinity coneen
decreased from August to September. Similarly, a moderat&ations. Seeds germinated quickly at warmer temperatures
salinity level occurs because of the run-off water fromand in both nonsaline and saline conditions. A similar in
mountains, which accumulates in the playas during earlcrease in germination under a higher temperature regime
spring (Khan et al. 20(d), but the gradual evaporation of was reported for other Great Basin desert species, such as
water in late spring and early summer causes a correspon&alicornia pacificavar. utahensis(Khan and Weber 1986),
ing increase in salinity. Plant species that live in these-habiAllenrolfea occidentaligGul and Weber 1999)Triglochin

tats have to evolve a strategy to cope with these fluctuatingnaritima (Khan and Ungar 1999%alicornia rubra(Khan et
environmental conditions. al. 2000),Kochia scoparia(Khan et al. 2004), and Suaeda
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