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Abstract. Saline and alkaline conditions often coexist in nature. Unlike salinity that causes
osmotic and ionic stresses, alkalinity reflects the impact of high pH on plant growth and
development. In this research, seven turfgrass species, tall fescue (Festuca arundinacea
Schreb.), kentucky bluegrass (Poa pratensis L.), creeping bentgrass (Agrostis stolonifera
L.), perennial ryegrass (Lolium perenne L.), zoysiagrass (Zoysia japonica Steud.),
bermudagrass [Cynodon dactylon var. dactylon (L.) Pers.], and alkaligrass [Puccinellia
distans (Jacq.) Parl.], were germinated under 10 saline–alkaline conditions [two salinity
concentrations (25 and 50 mM) 3 five alkalinity levels (pH = 7.2, 8.4, 9.1, 10.0, 10.8)] in
a controlled environment. Seed germination was evaluated based on final germination
percentage and daily germination rate. Alkaligrass and kentucky bluegrass showed the
highest and lowest germination under saline conditions, respectively. Limited variations
in germination were observed in other species, except bermudagrass, which showed a low
germination rate at 50 mM salinity. Alkalinity did not cause a significant effect on seed
germination of tested turfgrass species.

High soil salinity is often problematic to
turfgrass managers. Salinity causes osmotic
stress (i.e., physiological drought), ion im-
balance, and phytotoxicity and adversely
affects plant growth and development (Qian
and Harivandi, 2007), resulting in reduced
visual quality and playability of the turfgrass.
Many factors such as deficient precipitation,
water percolation from high water tables,
low-quality water (e.g., recycled water, well
water, and salt water from sea water intru-
sion), and salts from fertilizers and deicer can
result in high soil salinity (Wu and Lin,
1993). Various turfgrass species respond to
soil salinity differently. For example, ken-
tucky bluegrass is very sensitive to saline
conditions, whereas creeping bentgrass shows
moderate salinity sensitivity (Marcum, 2007).
Tall fescue, perennial ryegrass, and zoysia-
grass are moderately tolerant to salinity,
whereas bermudagrass and alkaligrass are
highly tolerant (Marcum, 2007).

Alkalinity (high pH) and salinity often
coexist in nature, especially in sodic soils
because of the hydrolysis of exchangeable
sodium (Guerrero-Alves et al., 2002; Javid
et al., 2011). Of the cultivated land world-
wide (13.2 · 109 ha), �23% is affected by
salinity and another 37% is affected by
sodicity (Läuchli and L€uttge, 2002). More

than 70% land in northeast China is covered
by alkaline meadow and it is expanding
(Kawanabe and Zhu, 1991). High soil pH
(greater than 8.5) has been reported on more
than 80% of the sodic soils in Australia
(Rengasamy, 2002). Qian and Mecham (2005)
reported that an increase of soil salinity, sodium
content, and pH on golf fairways was observed
after long-term (4 to 33 years) use of recycled
water.

Previous research on salinity stress has
been focused on the impact of neutral salts
such as NaCl on plant growth and develop-
ment (Dai et al., 2009; Zhang et al., 2011).
Recent studies have demonstrated that the
combined saline–alkaline conditions are
more detrimental to plants than salinity alone
(Javid et al., 2012; Li et al., 2010; Liu and
Shi, 2010; Paz et al., 2012; Shi and Wang,
2005). Lower seed germination was observed
in sheepgrass [Leymus chinensis (Trin.)
Tzvel.], switchgrass (Panicum virgatum L.),
and wheat (Triticum aestivum L.) under the
combined saline–alkaline stress than salinity
alone (Guo et al., 2010; Lin et al., 2014; Liu
et al., 2014). Many seeds exposed to the
combined saline–alkaline condition were
not able to recover even after the stress was
removed, suggesting that high pH may cause
structural decomposition in seeds (Guo et al.,
2010). Photosynthetic pigments, stomatal con-
ductance, and net photosynthetic rates were
significantly reduced in sunflower (Helianthus
annuus L.) under saline–alkaline conditions,
but not saline stress alone (Liu and Shi, 2010).
In addition to the salinity injuries, alkalinity
under saline–alkaline conditions may inhibit
iron absorption and cause precipitation of
calcium, magnesium, and phosphorus, thus
interrupting ion homeostasis in plant cells

(Javid et al., 2012). A higher Na+/K+ ratio
was observed in various crops under the
combined stress than salinity stress alone
(Javid et al., 2012; Liu and Shi, 2010; Shi
and Wang, 2005). Li et al. (2010) and Liu and
Shi (2010) reported higher total organic acid
production in plants under the combined saline–
alkaline stress than the saline condition
alone. Accumulation of organic acid contrib-
utes to osmotic adjustment under a stressful
environment; however, it is energy-consuming
resulting in reduced ability of ion regulation
(Li et al., 2010; Liu and Shi, 2010). Further-
more, alkaline conditions may interfere with
abscisic acid distribution between roots and the
rhizosphere and its transportation within plant
organs, resulting in root growth inhibition
(Degenhardt et al., 2000; Javid et al., 2011).

To our knowledge, turfgrass responses to
saline–alkaline conditions have not been eval-
uated. Therefore, this study was conducted to
determine the effect of a saline–alkaline con-
dition on turfgrass during seed germination,
a critical period of turfgrass development and
when plants are most likely to experience salt
accumulation (Almansouri et al., 2001). Re-
sults will provide useful information to man-
agers for selecting turfgrass species tolerant
to saline–alkaline soil conditions and to breed-
ers for screening and developing tolerant
germplasms.

Materials and Methods

Seven turfgrass species were used in this
experiment, including four commercially avail-
able cool-season turfgrasses (‘L-93’ creep-
ing bentgrass, ‘Stonewall’ tall fescue, ‘Diva’
kentucky bluegrass, and ‘Zoom’ perennial rye-
grass), one native cool-season grass (‘Salty’
alkaligrass), and two warm-season turf-
grasses (‘Zenith’ zoysiagrass and ‘Riviera’
bermudagrass). These six commercial spe-
cies are commonly used on golf courses,
recreational areas, and residential home
lawns, whereas the native species have
shown good tolerance to both saline and
alkaline conditions (Marcum, 2007; Turgeon,
1991) and high potential for turfgrass use
under low maintenance (McKernan et al.,
2001; Watkins et al., 2011).

Saline–alkaline conditions were stimu-
lated using neutral (NaCl and Na2SO4) and
alkaline (Na2CO3 and NaHCO3) salts follow-
ing the method of Li et al. (2009). A total of
11 treatments were included: one control
[deionized/distilled water (ddH2O), electrical
conductivity (EC) = 0.1 dS·m–1, pH = 7.1]
and a two (salinity level at 25 and 50 mM) ·
five (pH level at 7.2, 8.4, 9.1, 10.0, and 10.8)
factorial combination.

The seeds of each grass species were
surface sterilized and germinated following
the method of Zhang et al. (2011) with minor
modifications. The seeds were submerged in
70% ethanol for 5 min followed by 2% (v/v)
sodium hypochlorite solution for 20 min and
then rinsed three times with ddH2O. Forty
surface-sterilized seeds of each grass species
were placed on seed germination paper
(Anchor Paper Company, St. Paul, MN) in
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100 · 15-mm petri dishes. Before seed
plating, the germination paper was moistened
with 10 mL of ddH2O or salt solutions. Petri
dishes were sealed with parafilm and placed
in a culture room at 25 ± 2 �C under
fluorescent light (36 mmol·s–1·m–2) with
a 16-h photoperiod.

The number of germinated seeds per dish
was counted three times a week for 4 weeks.
A seed was considered to be germinated when
its emerged shoot was visible. Final germina-
tion percentage (FGP) and daily germination
rate (DGR) were calculated following the
method of Zhang et al. (2011) in which FGP
(%) = 100 · [(Sn)/40] and DGR (%/d) = 100 ·
[S (n/D)]/40, respectively, where n was the
number of new seeds germinated at each
counting and D was the number of days
accumulated up to that counting. To provide
an accurate indication of stress tolerance, data
under saline–alkaline conditions were stan-
dardized as the percent germination of the
control (Teolis et al., 2009). The increase in
the ratio of stress to control was equated as an
increase in tolerance.

The experiment was conducted as a seven
(grass species) · two (salinity concentra-
tions) · five (alkalinity levels) factorial de-
sign arranged in a randomized complete
block design with three replicates (petri
dishes). All data were subjected to analysis
of generalized linear model (SAS Institute
Inc., Cary, NC). Means were separated with
Fisher’s protected least significant differ-
ences at P # 0.05. The experiment was
conducted twice (Study I and II). The two

studies were homogeneous; therefore, data
from Studies I and II were pooled for further
analysis (data not shown).

Results and Discussion

Salinity effects on turfgrass germination.
An interaction between grass species and
salinity level was detected in both FGP and
DGR (Table 1). Alkaligrass showed the high-
est FGP, whereas kentucky bluegrass had the
lowest FGP at 25 mM (Fig. 1). Zoysiagrass
had a similar level of FGP as bermudagrass
but was significantly higher than tall fescue,
creeping bentgrass, and perennial ryegrass
(average = 94.1% of the control). Similarly,
alkaligrass and kentucky bluegrass were the
most tolerant and the most sensitive to
salinity, respectively at 50 mM. No significant
difference in FGP was observed among
zoysiagrass, tall fescue, creeping bentgrass,
and perennial ryegrass at 50 mM (average =

83.7% of the control); however, bermuda-
grass had the second lowest FGP at this
salinity level.

A similar trend was observed in DGR
(Fig. 2). Alkaligrass and kentucky bluegrass
had the highest and lowest DGR, respectively,
under saline conditions. Bermudagrass had
a similar level of DGR as zoysiagrass, tall
fescue, creeping bentgrass, and perennial rye-
grass at 25 mM; however, it had the second
lowest DGR at 50 mM, which is similar to that
of FGP.

This study clearly showed that alkaligrass
is the most salinity-tolerant species of the five
cool-season grasses tested followed by pe-
rennial ryegrass, tall fescue, and creeping
bentgrass, whereas kentucky bluegrass is
the most salinity-sensitive (Figs. 1 and 2).
The results are consistent with previous
findings (Dai et al., 2009; Zhang et al.,
2011). Zoysiagrass had a similar level of
FGP and DGR to tall fescue, perennial

Table 1. Proportion of sum of squares to total sum of squares for final germination percentage and daily
germination rate of seven turfgrass species under combined saline–alkaline conditions.

Source df
Final germination

percentage
Daily germination

rate

Grass 6 21.7 ***z 21.3 ***
Salinity 1 7.4 *** 10.6 ***
Alkalinity 4 0.9 NS

y 0.9 NS

Grass · salinity 6 3.5 *** 2.8 ***
Grass · alkalinity 24 1.5 NS 1.5 NS

Salinity · alkalinity 4 0.4 NS 0.1 NS

Grass · salinity · alkalinity 24 2.9 NS 3.0 NS

z***A significant difference at P < 0.001.
y
NS Nonsignificant differences at P # 0.05.

Fig. 1. Final germination percentage of alkaligrass (AL), tall fescue (TF), perennial ryegrass (PR), creeping bentgrass (CB), kentucky bluegrass (KB), zoysiagrass
(ZOY), and bermudagrass (BER) as affected by salinity. Data were expressed as percentage of the control (germination under deionized/distilled water) within
each species. Means at each salinity level followed by the same letter were not significantly different at P # 0.05.
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ryegrass, and creeping bentgrass at both 25
and 50 mM in the present study (Figs. 1 and
2). In contrast, bermudagrass performed sim-
ilarly to the aforementioned cool-season
grasses only under low saline conditions (25
mM). As the salinity level reached 50 mM,
bermudagrass had the second lowest FGP and
DGR of the seven grasses evaluated (Figs. 1
and 2). Johnson et al. (2007) reported a similar
germination of bermudagrass and zoysiagrass
seeds under low salinity (3 dS·m–1 or less),
consistent with findings of this study. In
another experiment, however, seed germina-
tion rate of bermudagrass was significantly
higher than kentucky bluegrass, tall fescue,
and seashore paspalum (Paspalum vaginatum
Swartz) under saline conditions (EC = 0.6 to
22.5 dS·m–1) (Serena et al., 2012). Inconsis-
tent findings of the current research and other
studies may be the result of different cultivars
used. Salinity tolerance may vary largely
within a species (Marcum, 2007; Zhang et al.,
2011, 2013). More research needs to be
conducted to evaluate intraspecific differ-
ences of salinity tolerance in warm-season
turfgrass species during germination and the
seedling growth stage.

Alkalinity (pH) effects on turfgrass
germination. Alkalinity did not influence
FGP or DGR in the present study (Table 1).
Our results indicate that salinity plays a more
important role than alkalinity under the com-
bined stress because salinity and alkalinity
accounted for �10% and 1% of variation in
seed germination, respectively (Table 1).
Research on the effects of saline–alkaline
stress on Aneurolepidium Chinese (Trin.)

Kitag., Spartina alterniflora L., and switch-
grass (Panicum virgatum L.) shows a simi-
lar finding that salinity is the dominant
factor under saline–alkaline stress (Li et al.,
2010; Liu et al., 2014; Shi and Wang, 2005).
Severe damage caused by the combined
saline–alkaline stress has been reported in
other research (Li et al., 2010; Liu et al.,
2014; Shi and Wang, 2005); however, it was
not observed in the present study. It was most
likely the result of the higher salinity levels
applied in the other studies (ranged from
60 to 600 mM) compared with our research
(25 and 50 mM). Li et al. (2009) and Shi and
Wang (2005) suggested that the effect of
alkalinity was more pronounced under high
salinity levels. Javid et al. (2012) reported
that the salinity-sensitive Brassica juncea
L. cultivar had lower plant biomass and tissue
potassium, phosphorus, and iron content but
higher sodium level than salinity-tolerant
cultivars under saline–alkaline stress. In the
present study, turfgrass species contributed to
more than 20% of the variation in seed germi-
nation (Table 1). Although no turfgrass ·
alkalinity interaction was observed, ken-
tucky bluegrass, the most salinity-sensitive
grass of the seven species tested in the present
study, had decreased germination with an
increase of alkalinity; no such trend was
observed in the other grasses that have mod-
erate or high salinity tolerance (data not
shown). It suggests that salinity level needs
to be adjusted according to the salinity toler-
ance of different plant materials used when the
effects of alkalinity and saline–alkaline con-
ditions in future research are explored.
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