Vol. 62, 2016, No. 10: 460-467 Plant Soil Environ.

doi: 10.17221/319/2016-PSE

Effect of calcium on reducing salt stress in seed germination
and early growth stage of Festuca ovina L.
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ABSTRACT

Festuca ovina L. is an important ornamental species used in urban landscapes and pastures reclamation. However,
low resistance of this species to salt stress has hindered its extended application in low-water and salty regions. To
study the effects of calcium on reducing salt stress injuries in seed germination and early growth of this species, a
factorial experiment based on completely randomized design with three replications was conducted. The salt levels
included NaCl solutions (5, 10, 15 and 20 dS/m). Calcium source was CaCl2 with concentrations of 0, 10, 20 and
30 mmol /L. Germination percentage and mean germination time were significantly affected by interaction of
salinity and calcium. As salinity increased, mean germination time increased. However, germination percentage,
shootlet length, rootlet length, shootlet fresh and dry weight, rootlet fresh and dry weight and seed vigour index
decreased following the increasing salinity. Concentrations of 10 and 20 mmol, /L. CaCl, had significant effects on
reducing salt injuries on seed germination of Festuca ovina. This finding was even prominent in higher salinity lev-
els of 15 and 20 dS/m. Therefore, to facilitate using this species in urban landscapes or in pastures, pre-treatment of
the seeds using 10 and 20 mmol, /L. CaCl, is recommended.
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High soil salinity is a common problem in turf-
grass management, especially in arid and semi-
arid regions (Zhang et al. 2013). In such regions,
germination and seedling establishment constitute
the most critical periods in the life-cycle of plants
(Meloni et al. 2008). The process of germination
commences with absorption of water (Wahid et
al. 1998, Zehra et al. 2012) and finishes with the
emergence and elongation of embryonic tissues.
Soil salinity, being a serious environmental hazard,
greatly prevents seed germination and its related
processes (Wahid et al. 1998). Salinity problems
are becoming more severe in turfgrass management
(Gao and Li 2012). The need for salinity-tolerant
turfgrass is increasing because of the increased
use of effluent or other low quality waters for
turfgrass irrigation (Alshammary et al. 2004).
Rapid urban population growth has put enormous
pressures on limited freshwater supplies. As water
shortages continue to escalate worldwide, use of
saline water for turf landscape irrigation will be
increasingly necessary (Marcum 2006).
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Recently, application of fertilizers for reducing
plant growth restrictions under salinity stress
conditions and for increasing fertility of saline
soils have been considered (Astaraei and Forouzan
Ghohar 2000). The calcium ion has important
effects on physiological processes of plants and
improves growth and biochemical factors of the
plants under salt stress conditions (Mozafari et
al. 2008). Calcium was reported to inhibit Na*
uptake (Zehra et al. 2012) and thereby to reduce
its negative effect on seed germination and to
increase plant growth (Faiza et al. 2007, Zehra
et al. 2012). Understanding the mechanism of
the effects of calcium in saline soils is less clear
(Faiza et al. 2007).

Festuca ovina L., commonly named as sheep
fescue, is considered as one of the most impor-
tant pasture grasses (Dianati-Tilaki et al. 2011).
It is a perennial plant from the Poaceae family
(Azarnivand et al. 2012) which has a stack and
compact form (Dianati-Tilaki et al. 2011, Mirhaji
et al. 2013) and rhizomes (Dianati-Tilaki et al.
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2011). Sheep fescue, in addition to being culti-
vated in pastures, is used in urban landscape as
an ornamental grass without clipping and also
as a quality sport turfgrass after clipping. This
plant showed an adequate turf quality when it
was evaluated over a wide range of climates and
under low maintenance regimes such as little or
no irrigation, pesticide or fertilizer applications
and frequent mowing (Zhang et al. 2013) but is not
highly resistant to salinity stress (Dianati-Tilaki
etal. 2011, Zhang et al. 2013). Therefore, increas-
ing salinity tolerance of this species is important
in order to reform and recover pastures as well
as for expanding this important species in urban
landscape.

MATERIAL AND METHODS

This study was conducted to investigate the effect
of calcium ion on seed germination and seedling
growth of Festuca ovina L. in different levels of
salinity, in vitro conditions, in Agricultural Faculty
of Ferdowsi University of Mashhad, Iran. Seeds of
Festuca ovina L. were provided by Agriculture and
Natural Resources Researches Center of Mashhad,
Iran. In this experiment, at first, some petri dishes
with a diameter of 10 cm were selected, filter
paper were placed within each of them and then
they were sterilized in an oven at 110°C for 24 h
(Astaraei and Forouzan Ghohar 2000). Seeds used
in this experiment were immersed in sodium hy-
pochlorite (2%) for 20 min and then were rinsed
several times with distilled water. Then, 25 intact
seeds were placed in each petri dish. In this experi-
ment three replications for each treatment were
considered. In order to examine salinity stress,
8 mL of NaCl solutions with electrical conductivi-
ties 5, 10, 15 and 20 dS/m was added in each petri
dish (Dianati-Tilaki et al. 2011), so that each of the
experimental treatments had 4 calcium chloride
concentrations (0, 10, 20 and 30 mmol /L). Then
petri dishes were placed at 20°C and a 12-h light-
ing period (Dianati-Tilaki et al. 2011). Petri dishes
were checked for the number of germinated seeds
and the seeds with a visible rootlet were recorded
every day. The end of the germination date was
considered when any germination was not observed
after two consecutive days. This was 27 days after
experiment beginning. Percentage of germination
was calculated from the following equation:
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(number of germinated seed/total number of seeds)
x 100

Average time for germination was calculated
based on the following equation:

MGT = (A1D1 + A2D2 + AuDn)/Al1 + A2 + An

Where: A — number of germinated seeds in the D time; n —
number of germination days (Nichols and Heydecker 1968).

Length of shootlet and rootlet were measured
with a millimetre ruler.
Seed vigour was calculated using the equation:

VI = (RL + SL) x GP
Where: RL — rootlet length; SL — shootlet length; GP —

percentage of seed germination (Dianati-Tilaki et al. 2011).

Fresh weight and dry weight of shootlet and
rootlet were measured by putting these organs in
the oven at 65°C until they get a constant weight
(Dianati-Tilaki et al. 2011).

Experimental design was factorial, based on
completely randomized design and the data were
analysed using the JMP8 software package (SAS
Institute, USA). T-student tests were performed to
determine significant differences between means
at probability levels of 0.01 and 0.05.

RESULTS AND DISCUSSION

The results of the analysis of variance showed
that the interaction between calcium and salinity
on germination percentage of the seeds of Festuca
ovina was significant (P < 0.01) (Table 1). Means of
interaction effects of salinity and calcium in Figure 1
showed that the effect of calcium on germination
percentage in high concentrations of salinity (more
than 10 dS/m) was improving. In other words, in
salinity levels of 15 and 20 dS/m, calcium chloride
at concentration levels of 10, 20 and 30 mmol /L,
significantly increased germination percentage of the
seeds compared to the control (the medium without
calcium). However, in salinity levels of 5 and 10 dS/m,
this positive effect was not significant compared
to the control treatment. The largest germination
percentage was observed when 10 mmol /L CaCl,
was used as a treatment along with salinity levels of
10 dS/m (71.66%) (Figure 1).

The germination reduction of plants in saline
environments can occur for two reasons. One is
reduction of effective uptake due to impairing
osmotic balance that creates water stress for plant
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Table 1. Analysis of variance (mean of squares) related to germination of the seeds of Festuca ovina

Source of Germination Time of Shootlet Rootlet Fr?Sh D‘ry Fr.esh D.ry Seed
variance af ercentage germination length length weight weight weight weight vigour
P 8¢ 8 & & of shootlet of shootlet of rootlet of rootlet index
Salinity 3 2937/188** 1/56* 3/8** (0/58* 500/7** 6/83** 75/59* 0/36** 87087**
Calcium 3 592/188** 2/43** 6/46**  0/46* 96/7" 0/97ns 22/28n 0/03"  40304/3**
Salinity g 4o6/910  1/07*  0/38™  0/34"  113/46° 1/87% 66/16%* 0/2**  12154/6%
x calcium
Error 32 29/396 0/36 0/29 0/15 41/8 0/47 20/45 0/05 1646/5

**P < 0.01; *P < 0.05; ns — non-significant

and the other is creation of ion toxicity because
of absorption and accumulation of ions (Rengel
1992, Anvari et al. 2009). Salinity stress increases
the ABA (abscisic acid) concentration in seed and
increasing the concentration of this hormone pre-
vents seed germination (Mokhtari et al. 2008). From
this point of view, the results of this experiment
correspond with the results of Marcum (2006),
Dianati-Tilaki et al. (2011) and Zhang et al. (2013).
Supplemental Ca?* alleviates deleterious salt effects
probably through mitigating the toxic effects of
Na* ions rather than the osmotic effects associated
with salt stress. Therefore, the ratio of Ca?*/Na*
in the rooting medium appears as a more reliable
indicator of salt stress than the concentration of
Na* alone. Addition of Ca?* reduced Na* binding
to cell walls, alleviated membrane leakiness, and
prevented salt-induced decline in cell production
and cell elongation (Rengel 1992).

Means of interaction effects of salinity and cal-
cium on germination time, showed that in salinity
levels of 5 and 10 dS/m there was not a significant
difference between different treatments of CaCl,
and the control, but in high concentration levels

80 7

70 1

.
o O

c cd

Germination (%)
I
)

30 %

| /
. .
. =

Salinity (dS/m)

462

of salinity (15 dS/m) there was a significant reduc-
tion in average of germination time compared to
the control treatment (Figure 2).

Salinity causes delay in germination and thus
increases the germination time (Dianati-Tilaki et al.
2011). The primary effect of salinity is thought to
take place in roots; it was argued that this primary
effect is due to water deficit rather than a specific
toxic effect of salt (Rengel 1992). For critical ac-
tivities before seed germination, water should be
absorbed sufficiently by seeds. If water absorption
by seeds is slow or disturbed, activities inside the
seed occur slowly and the time of rootlet emer-
gence increases and rate of germination decreases
(Anvari et al. 2009). Calcium with adjustment of
transmission and permeability of ions and control
of ion exchanges plays an important role in im-
proving germination rate (Mokhtari et al. 2008).

The results of the analysis of variance also showed
that shootlet length was significantly affected by
salinity levels and CaCl, levels applied in Festuca
ovina seeds (P < 0.01) (Figure 3). However, there
were no significant interaction effects between
these two factors (Table 1).

m Control

g 10 mmol, /L CaCl,
20 mmol, /L CaCl,
& 30 mmol, /L CaCl,

Figure 1. Comparison of the
means of interactions between
calcium and salinity on germina-
tion percentage of the seeds of
Festuca ovina L.
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Figure 2. Comparison of the means of interaction between calcium and salinity on germination time of the seeds

of Festuca ovina L.

The interaction between calcium and salinity on
means of rootlet length of Festuca ovina was sig-
nificant (P < 0.05) (Table 1). Increase of the levels
of salinity was associated with decreasing length
of rootlets. However, different levels of CaCl, did
not provide a clear relationship between the best
levels of CaCl, for achieving the largest rootlet
length in each level of salinity applied. However,
the largest rootlet length was achieved when
20 mmol /L CaCl, was used in salinity level of
15 dS/m and the shortest rootlet length was ob-
tained when high salinity levels of 15 and 20 dS/m
without using any CaCl, was applied (Figure 4a).

With increasing salinity, water absorption de-
creases, release of hormones and enzymes activity
are disturbed and the final result of this is a re-
duction in rootlet and shootlet growth (Mokhtari
et al. 2008). Sodium ions inhibit elongation of
root cells. High activities of Na* in the apoplasm
may disrupt ionic interactions between cell wall
constituents such as pectin and extensin, and
might have adverse effects on apoplasmic enzymes
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(Rengel 1992). Increasing in Na* flux competes with
Ca?* at the binding sites to plasma membranes.
Therefore, addition of calcium may counter the
adverse consequences by providing protection to
the integrity and permeability of plasma mem-
branes against Na™* toxicity (Zehra et al. 2012).

The results showed that interaction between
calcium and salinity on fresh and dry weight of
shootlet of the seeds of Festuca ovina was sig-
nificant (Table 1). In the highest salinity level
(20 dS/m), increasing levels of CaCl, were associ-
ated with increase of shootlet fresh weight, but in
the lowest salinity level (5 dS/m) this trend was
opposite (Figure 4b). The same trend was observed
for dry weight of shootlet (Figure 4c).

The interaction between calcium and salinity
on rootlet fresh and dry weight of the seeds of
Festuca ovina was significant (P < 0.01) (Table 1)
and the best treatment for having the largest rootlet
fresh and dry weight was obtained from a combi-
nation of 10 dS/m salinity and 10 mmol /L CaCl,
(Figures 4d and 5a).
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Figure 3. Simple effects of (a) salinity, and (b) calcium on mean of shootlet length of Festuca ovina L.
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It was observed that the interaction between cal-
cium and salinity on seed vigour index of Festuca
ovina was significant (P < 0.01) (Table 1) and com-
bination of 10 dS/m salinity and 10 mmol /L CaCl,
was associated with the largest seed vigour index
(Figure 5b).
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In general, negative effect of salinity on seed
germination and growth could be due to osmotic
effects (low osmotic potential), nutritional im-
balance, effect of specific ions, ion toxicity or a
combination of these four factors that occur due
to compounds or concentrations of salinity in
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seeds of plants (Dianati-Tilaki et al. 2011). Many
studies indicate that calcium acts as a secondary
messenger in abiotic stress and in response to
hormones. An increase in cellular calcium ion in
quick response to increasing concentration caused
by abiotic stresses, the necessity of the presence
of calcium ion for the expression of many genes
involved in stress and finally increasing calcium
ions in the activation of stress genes promotor are
evidences that confirm positive and ameliorator
role of calcium during encounter with various
environmental stresses (Mokhtari et al. 2008).
According to this research 10 dS/m salinity and
10 mmol, /L CaCl, had positive effects in some
germination and early growth characteristics of
Festuca ovina L. It appears that CaCl, especially
in the highest levels of salinity (15 and 20 dS/m)
can show clear positive effects on germination
characteristics of the seeds of Festuca ovina L.
Therefore, it is necessary to conduct more research
work to increase resistance of salt-sensitive plants
such as sheep fescue by using suitable calcium fer-
tilizers in soil and water or pretreating seeds with
appropriate concentrations of calcium chloride in
the stages of seed germination and early growth of

doi: 10.17221/319/2016-PSE
Control Figure 5. Comparison of the means
10 mmol+/L CaCl2
20 mmol+/L CaCl2
30 mmol+/L CaCl2

of interaction between calcium and
salinity on (a) rootlet dry weight
of the seeds and (b) seed vigour
index of Festuca ovina L.

seedlings. Such treatments may promise more sta-
bility of this plant species in saline environments.

REFERENCES

Alshammary S.F.,, Qian Y.L., Wallner S.J. (2004): Growth response
of four turfgrass species to salinity. Agricultural and Water
Management, 66: 97—-111.

Anvari M., Mehdikhani H., Shahriari A.R., Nouri Gh.R. (2009):
Effect of salinity stress on 7 species of range plants in germina-
tion stage. Iranian Journal of Range and Desert Research, 16:
262-273. (In Persian)

Astaraei A.R., Forouzan Ghohar M. (2000): Effect of calcium
ion on germination and seeding growth of lentil (Lens culi-
naris Medik) in different level of salinity. Journal of Desert, 5:
37-49. (In Persian)

Azarnivand H., Ghasemi Arian Y., Yari R., Zare Chahouki M.A.,
Jahantab E. (2012): Investigation of allelopathic activity of
mountain sagebrush (Artemisia aucheri) on seed germina-
tion and seedling features of Festuca ovina in green house
condition. Iranian Journal of Range and Desert Reseach, 19:
297-305. (In Persian)

Dianati-Tilaki G., Shakarami B., Tabari M., Behtari B. (2011): The

effect of NaCl priming on germination and early growth of seeds

465



Vol. 62, 2016, No. 10: 460-467

Plant Soil Environ.

doi: 10.17221/319/2016-PSE

of Festuca ovina L. under salinity stress conditions. Iranian
Journal of Range and Desert Reseach, 18: 452—462. (In Persian)

Faiza S., Bilquees G., Wei-Qiang L., Xiao-Jing L., Ajmal K.M.
(2007): Effect of calcium and light on the germination of Uro-
chondra setulosa under different salts. Journal of Zhejiang
University Science, 8: 20-26.

Gao Y., Li D. (2012): Detecting salinity stress in tall fescue based
on single leaf spectrum. Scientia Horticulturae, 138: 159—-164.

Marcum K.B. (2006): Use of saline and non-potable water in the
turfgrass industry: Constraints and developments. Agricultural
and Water Management, 80: 132—146.

Meloni D.A., Gulotta M.R., Martinez C.A. (2008): Salinity tol-
erance in Schinopsis quebracho colorado: Seed germination,
growth, ion relations and metabolic responses. Journal of Arid
Environments, 72: 1785-1792.

Mirhaji M., Sanadgol A., Jafari A.A. (2013): Evaluation of 16 ac-
cessions of Festuca ovina L. in the nursery of Homand-Abesard
Rangeland Research Station. Iranian Journal of Range and
Desert Reseach, 20: 11-22. (In Persian)

Mokhtari I., Abrishamchi P., Ganjeali A. (2008): The effects of

calcium on amelioration of injuries salt stress on seed ger-

mination of tomato (Lycopersicon esculentom L). Journal of
Agricultural Sciences and Technology, 22: 89-100. (In Persian)

Mozafari H., Kalantari K.M., Olia’ie M.S., Torkzadeh M., Salari
H., Mirzaei S. (2008): Role of calcium in increasing tolerance
of Descurainia sophia to salt stress. Journal of Agriculture and
Social Sciences, 4: 53-58.

Nichols M.A., Heydecker W. (1968): Two approaches to the study
of germination data. Proceedings of the International Seed
Testing Association, 33: 531-540.

Rengel Z. (1992): The role of calcium in salt toxicity. Plant, Cell
and Environment, 15: 625-632.

Wahid A., Intshar-ul-Haq J., Iftikhar A., Anila B., Ejaz R. (1998):
Short term incubation of sorghum caryopses in sodium chloride
levels: Changes in some pre- and post-germination physiologi-
cal parameters. Plant Science, 139: 223-232.

Zehra A., Gul B., Ansari R., Khan M.A. (2012): Role of calcium
in alleviating effect of salinity on germination of Phragmites
karka seeds. South African Journal of Botany, 78: 122-128.

Zhang Q., Zuk A., Rue K. (2013): Salinity tolerance of nine fine
fescue cultivars compared to other cool-season turfgrasses.
Scientia Horticulturae, 159: 67-71.

Received on April 23, 2016
Accepted on August 10, 2016

Corresponding author:

Dr. Fatemeh Kazemi, Ferdowsi University of Mashhad, Faculty of Agriculture, Department of Horticulture

and Landscape, Mashhad, Iran; e-mail: fatemeh.kazemi@um.ac.ir

466



