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Germination Percentage and Recovery of Lolium perenne L. and Bromus tomentellus
Boiss. (Poaceae, Liliopsida) Seeds at Several Osmotic Potential Levels of Iso-Osmotic Solu-
tions. — Tilaki Dianati Ghasem Ali, Gholami Farzaneh, Bezdi Kamal Ghasemi, and Behtari
Behzad. — Germination is a most salt-sensitive plant growth stage and severely inhibited with in-
creasing salinity in both glycophytes and halophytes. In the present study, the effect of three levels
of a salt (NaCl) and polyethylene glycol 6000 (PEG) on the germination of Lolium perenne L. and
Bromus tomentellus Boiss. seeds was studied. The object was to reveal factors responsible for seed
germination due to salt toxicity or the osmotic effect. The electrical conductivity (EC) values of
NaCl solutions were 0, 5, 7, and 9 dSm™. PEG 6000 induced drought conditions at the same os-
motic potential of 0, -2, -3, and -4 bar. Our results showed that NaCl and PEG treatments had sig-
nificant (p = 0.05) effect on the germination percentage and recovery of seed germination. In
L. perenne, a lower germination percentage (65.2%) was obtained from PEG compared with NaCl
at an equivalent water potential in each treatment but in B. tomentellus, seed germination was bet-
ter in PEG than in NaCl. When non-germinated seeds under various NaCl and PEG treatments
were transferred to distilled water, they were recovered significantly, indicating little ionic and
osmotic effect of salinity on viability. Germination inhibition, therefore, appears to be either os-
motic or ionic, depending on the species. A similar recovery response was noted when seeds were
transferred from a PEG solution to water. PEG had no toxic effect, since the seeds germinated af-
ter removing the PEG stress.
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BcexoskecTs  BoccTaHoBaeHue ceMsiH Lolium perenne L. m Bromus tomentellus Boiss. (Poa-
ceae, Liliopsida) npu pa3JIM4HBIX YPOBHSIX OCMOTHYECKOI0 MOTEHIHAIA U300CMOTHYECKHX
pactBopoB. — Tuinaku J{nanatu Xacem Auan, Xoiaamu ®@ap3ane, be3qu Kamaap Xacemu, bex-
Tapu Bex3san. — IlpopacTtanue sBiseTcss oqHOW M3 HanOoJee YyBCTBHTEIBHBIX K COJSM CTaiHil
pocTa pacTeHHH U CHIbHO HHTMOUPYETCs C YBEIUUCHHEM CONEHOCTU Y TIIUKO(UTOB U ranodHToB.
B nmanHo# pabore m3yuanu BiusHue TpEX yposHeidl comu (NaCl) u monmmdtunenrmukons 6000
(II3T') Ha BecxoxecTh ceMsiH Lolium perenne L. u Bromus tomentellus Boiss. Llens cocTosina B BbI-
ABJIECHUM (aKTOPOB, OTBETCTBEHHBIX 32 HApYIICHHE NPOPACTaHHUs (TOKCHYHOCTb CONIH HIM OCMO-
THueckuii dddext). DneKTponpoBoaHocTs pacTBopos NaCl coctasmsma 0, 5, 7 u 9 1Cm™'. 3acym-
JIMBOCTh UMUTHpPOBaK BBeaeHueM I1OI" 6000 npu coXpaHeHNH OCMOTUYECKOTO BOAHOIO MOTEHIUANA
0, -2, -3 u -4 6ap. Pe3ynprarsl nokaszaiu, uto odpaborka NaCl u I13T 3naunmo (P = 0.05) Bnuser
Ha IPOpacTaHHe M BOCCTAHOBICHHE BCXOXECTH CeMSH. MeHbIIas IONS MPOPAcTaHHs CEMSH
L. perenne (65.2%) nabmonanace npu Bo3neiicteuu [131" mo cpasrenuto ¢ NaCl nipu paBHOM BoJI-
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GERMINATION PERCENTAGE AND RECOVERY

HOM TIOTEHIIMAJIe TIPHU Kax 0l 00paboTke, HO 1ust Bromus tomentellus Boiss. npopactanue ceMsH
6bu10 BbIE npu Bo3aeiicteun 1017, Hexenu NaCl. Henpopocumme npu o6paborke NaCl u 10T
CeMeHa Ioclie MepeHoca B AUCTHUTMPOBAHHYIO BOIY BOCCTAHABIMBAIN BCXOXKECTh, YTO YKa3bIBa-
eT Ha ciaboe BIUSHUE HOHHOTO U OCMOTHYECKOTro 3(eKTa CONEHOCTH Ha MPOPACTaHUE CEMSH U
HX KH3HECIIOCOOHOCTh. VHrHOMpOoBaHHE BCXOXKECTH, TAKHM 00pa3oM, MOXKET UMETh OCMOTHYE-
CKYIO WJIM HOHHYIO NIPUPOJY B 3aBHCHMOCTH OT BHIa pacTeHus. CXOIHBIH ypOBEHb BOCCTAHOBIIC-
HUs HaOJroAaNCs pH nepeHoce ceMsiH u3 pacteopa [191° B Boxy. I19T He 061agaeT TOKCHYECKUM
BIIMSIHUEM, H CEMEHa IIPOPACTAOT MOCIIe IIPEKPAIIeHHs er0 BO3ICHCTBHS.

Knmiouesvle cnosa: nommdtiieHrukoib 6000, NaCl, conéHoctb, cTpecc, HOHHOE U OCMOTHYE-
CKO€ BO3JICHCTBHE.

INTRODUCTION

Saline soils are widespread in arid and semiarid regions of the world. Salinity is one
of the main problems that negatively affects soil fertility and limits plant production (Ri-
chards, 1954). The factors affecting plant growth under salinity can be divided into three
groups, namely: i) water stress, ii) ion toxicity, and iii) problems in nutrient uptake and
translocation to green plants’ parts, and, as a result, disorders in cells due to disruption of
ionic balances such as in the case of K" and Ca™. Under salt stress, physiological
drought may play an important role by limiting water uptake from the soil. On the other
hand, excessive salt uptake by plants disrupts cellular functions and damages their phy-
siological processes such as photosynthesis and respiration (Leopold, Willing, 1984).
However, salt stress affects germination percentage, germination rate, and seedling
growth in different ways depending on plant species. High NaCl concentrations induce
dormancy in the seeds of many halophyte species (Debez et al., 2004), while the seeds of
glycophyte species loss their viability under similar conditions. A plant's ability to toler-
ate salinity stress varies with the stage of growth in its life cycle (Khan, 2002). Germina-
tion is a most salt-sensitive plant growth stage and severely inhibited with increasing
salinity in both glycophytes and halophytes (Sosa et al., 2005). Salts can affect seed
germination by either restricting the supply of water (an osmotic effect) or causing spe-
cific injury through their ions to the metabolic machinery (an ionic effect). Soil salinity
may affect the germination of seeds either by creating an external osmotic potential to
the seed preventing water uptake, or through the toxic effects of Na” and CI ions on the
seed germination (Khajeh-Hosseini et al., 2003). Salt and osmotic stresses are responsi-
ble for inhibition or delayed seed germination and seedling establishment (Almansouri et
al., 2001). Under these stresses, there is a decrease in the water uptake during imbibi-
tions and, furthermore, salt stress may cause excessive uptake of ions (Murillo-Amador
et al., 2002).

Lolium perenne L. (perennial ryegrass) is a cool-season perennial bunchgrass native
in Europe, Middle Asia, and North Africa. Lolium perenne L. plays an important role in
forage/livestock systems. Its high palatability and digestibility make this species highly
valued for dairy and sheep forage systems. Lolium perenne L. is adapted to medium tex-
tured soils with a pH between 5.1 and 8.4. It requires a minimum of 18 to 25 inches of
precipitation annually, at least half of which should be received as rain.

Bromus tomentellus Boiss. (Brome grass) is a densely growing bunchgrass reaching
a height of 20 — 70 cm. It is used for pasture and for erosion control and grows in spring
and summer. In northern Africa and western Asia, it can be found at elevations of
1,000 — 3,400 m (USDA, 1950).
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The aim of the present study was to determine factors responsible for failures of
germination percentage and germination recovery of Lolium perenne L. and Bromus
tomentellus Boiss. seeds under saline conditions due to an osmotic barrier or the toxic
effect of NaCl by comparison of seed germination under a range of osmotic potentials
causing by NaCl and PEG.

MATERIALS AND METHODS

Germination conditions. The present study was carried out at Faculty of Natural
Resources, Tarbiat Modares University, Noor, Iran. The seed materials of Lolium per-
enne L. and Bromus tomentellus Boiss. were obtained from the Seed Gene Bank of Natu-
ral Source of Iran, which is commonly cultivated in Iran.

Seeds were separated from inflorescence in the laboratory and surface disinfected
by ozone treatment for 30 min (Duan et al., 2004). The seeds were germinated in Petri
dishes (10 cm) containing two layers of Whatman 42 filter paper moistened initially with
10 ml of distilled water (0 bar as control) and three different solutions of NaCl or poly-
ethylene glycol (PEG 6000) (Michel, Kaufmann, 1973) under osmotic potentials of -2,
—3, and —4 bar. The papers were being replaced every 2 days to prevent accumulation of
salts (Rehman et al., 1996). The NaCl solutions had the electrical conductivity (EC) val-
ues of 0, 5, 7, and 9 dSm', respectively. After 7 days, the germination of species was
studied after different treatments.

Germination tests. The experiment was carried out within 15 — 25°C under 8 h
darkness / 16 h lights (38u mol m™s™) for 7 days. Germination was considered to have
occurred when the radicles were 2 mm long (Hardegree, Van Vactor, 2000). Germina-
tion percentage was recorded every 24 h for 7 days. Non-germinated seeds were trans-
ferred to distilled water to determine the germination recovery. The recovery percent
was calculated using the following index (Ajmal Khan, Gulzar, 2003):

a

-b
%Recovery = 5 x100,

c—
where « is the total number of germinated seeds after having been transferred to distilled
water, b the total number of germinated seeds in the saline solution, and ¢ the total num-
ber of seeds. High recovery germination percentages would indicate that previous seed
germination was inhibited by an osmotic effect, whereas low recovery germination
would indicate specific ion toxicity (Khan, 2002).

Experimental design. We employed a three-factor factorial (2x2%4) experiment ar-
ranged in a completely randomized design; with three replications and 50 seeds per rep-
licate. The first factor was the nature of species (Lolium perenne L. or Bromus tomentel-
lus Boiss.), the second was the iso-osmotic agent (NaCl or PEG), and the third was the
osmotic potential level (0, -2, -3 or -4 bar). Data were subjected to analysis of variance
followed by Duncan’s multiple range test to determine significant differences among the
mean values at the probability level of 0.05 or 0.01. Statistical analysis was done with
SPSS version 11.0 for Windows statistical software package.
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RESULTS AND DISCUSSION
Effects of iso-osmotic agents on germination percentage

In the present study, a significant three-way interaction (species, iso-osmotic agents
(NaCl and PEG) and osmotic potential levels) was found (P < 0.01) for all investigated
characters. Table 1 shows the mean of seed germination percentage of L. perenne and
B. tomentellus using different osmotic potential levels of iso-osmotic solutions (NaCl
and PEG). The -4 bar solution was highly effective in reducing the germination percent-
age of both species (L. perenne and B. tomentellus). Generally, seed germination de-
creased as the osmotic potential levels of NaCl and PEG increased. The highest and
lowest germination percentage was observed in B. fomentellus by the 0 bar (control)
osmotic potential and by the -4 bar osmotic potential of NaCl, respectively (Table 1).

Table 1
Effects of the osmotic potential level on the germination percentage of Lolium perenne L.
and Bromus tomentellus Boiss. under osmotic stresses of PEG and NaCl (with EC: 0, 5, 7, 9)

Osmotic potential Lolium perenne Bromus tomentellus
(bar) NaCl | PEG NaCl [ PEG
0 86.19+1.3 abc* 90.1+2.1a
-2 84+1.3 abed 83+1.6 abed 8242.9 bed 83+2.4abcd
-3 79.9£1.7 cd 77.1£2.3d 64.244.5 ¢ 76.6+3.1d
-4 75.4+2.1d 65.2439 ¢ 45344 522444 f

* Means (£SE) followed by the same letter are not significantly different at P < 0.01.

These results confirm the findings of Misra & Dwivedi, 2004; they reported that an
increased osmotic potential level of salinity led to a reduced germination percentage of
greengram cultivars. Seed germination of L. perenne was always better in NaCl than in
PEG at an equivalent water potential in line with the earlier observation made for soy-
bean by Khajeh-Hosseini et al. (2003); Demir et al. (2006) in sunflower (Helianthus an-
nuus L.), and Dianati et al. (2009) in alfalfa. This may be due to the uptake of Na" and
CI ions by the seeds, maintaining a water potential gradient allowing water uptake dur-
ing seed germination. The NaCl-treated seeds compared to the PEG-treated seeds were
allowed to imbibe water for a longer time and through the first stage of germination
without protrusion of the radicle. These results are in agreement with Murillo-Amador et
al. (2002) in cowpea, Demir & Van De Venter (1999) in watermelon; they affirmed that
drought or salinity may influence germination by decreasing the water uptake. More-
over, salinity perturbs plant hormone balance (Khan, Rizvi, 1994) and reduces the
utilization of seed reserves (Ahmad, Bano, 1992).

The iso-osmotic solutions of NaCl and PEG in B. tomentellus have similar effects
on seed germination at a similar osmotic potential, except -3 bar; at this osmotic poten-
tial level (-3 bar), seeds germination was better in PEG than in NaCl (Fig. 1). In general,
the ionic toxicity of the salt (NaCl) stress treatment causes more damage to plant cells
than that in PEG drought stress conditions, and plays a major role in membrane injury,
organelle damage, and pigment degradation prior to cell death, which is well docu-
mented in many plant species such as sugarcane (Errabii et al., 2007), Centaurea rugusina
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(Radi et al., 2005, 2006), Fraxinus angustifolia (Tonon et al., 2004), durum wheat (Lutts
et al., 2004).

The high accumulation of Na" and CI” can be related to the greater sensitivity of the
crop compared with other important grains (Ashraf, McNeilly, 1989). According to Ash-

290~ raf & Wahid (2000) find-
g 504 4 a ings, the adverse effect of
20 b NaCl on seed germination
z in maize seedlings is
860 o
partly due to impairment
307 % < in breakdown of seed lip-
407 ids so as to supply soluble
301 sugars to the respiratory
20+ metabolism of the grow-
10+ ing embryo. Salt tolerance
0 T »in glycophytes is associ-
Lolium perenne Bromus tomentellus Specics ated with the ablhty to

limit uptake and/or trans-
port of saline ions (mainly
Na" and CI") from the root
zone to the aerial parts (Greenway, Munns, 1980). A lower uptake of toxic mineral ele-
ments and a higher uptake of beneficial mineral elements are generally associated with
greater salt tolerance of most species (Shannon, Grieve, 1999). Na' is the main toxic ion
in salinized soils. Low Na" and high K" in the cytoplasm are essential for the mainte-
nance of a number of enzymatic processes (Munns, Tester, 2008). Na" enters plant cells
through the high-affinity K" transporter (HKT) and through non-selective cation chan-
nels (Zhu, 2003). The similarity in size of the hydrated ionic of Na" and K" makes them
difficult to discriminate between, and this is the basis of Na" toxicity (Blumwald, 2000).
Under salt stress, Na™ competes with K™ for uptaking into roots (Munns, Tester, 2008).
Tonic imbalance in plants is caused mainly by the influx of excess Na" (Munns, Tester,
2008; Yang et al., 2007).

Fig. 1. Germination percentage in Lolium perenne L. and Bromus
tomentellus Boiss. with osmotic solutions of NaCl and PEG

Effects of iso-osmotic agents on germination recovery

Table 2 shows the mean of seed germination recovery of L. perenne and B. tomentel-
lus using different osmotic potential levels of the iso-osmotic solutions (NaCl and PEG).

Table 2
Effects of the osmotic potential level on the recovery percentage of Lolium perenne L.
and Bromus tomentellus Boiss. under osmotic stresses of PEG and NaCl (with EC: 0, 5,7,9)

Osmotic potential Lolium perenne Bromus tomentellus
(bar) NaCl | PEG NaCl | PEG
0 _
-2 11.745 de 8+33e 32+6.4 ab 26+5.9 be
-3 10.7+2.6 de 8.8£2.2 ¢ 35.8+5 ab 24.2+4.1 bed
-4 15.7£3.8 cde 14.1£2.4 cde 41.843.6 ab 24.144.9 bed

* Means (+SE) followed by the same letter are not significantly different at P < 0.01.
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When seeds were transferred to distilled water 7 days after their salinity treatments,
the seed recovery percentage increased with increasing of the osmotic potential of PEG
and NaCl for both species. The germination recovery of both species was significantly

X 824 P X354
= .
S 80 T 2200 a
5 L g30 T
£787 3954 T
Q
g 76 b a 204
&)
74+ i 1
72- I > b
70 10 +
68 5
66 T 1 0 T 1
Lolium perenne  Bromus tomentellus Lolium perenne  Bromus tomentellus
a b

Fig. 2. Seed germination percentage (a) and germination recovery (b) of Lolium perenne L. and
Bromus tomentellus Boiss. Values with the same superscript letter are not significantly different
at P <0.01 according to Duncan’s multiple comparison range tests

increased in response to the highest dose of NaCl (-4 bar); a high recovery percentage
was recorded (41.8). There was a significant difference between the species in their re-
covery percentage. B. tomentellus had the highest recovery percentage compared to
L. perenne (Fig. 2, D).
There was a non-
significant difference
between the iso-osmotic
solutions at all the os- @y a
motic potential levels 207
(Fig. 3). The present
study revealed that PEG
had no toxic effect, be- 104
cause seeds germinated

w
W
J

a

[ 1-NaCl
[ - PEG ab

Recovery, %
(98]
(=)
1

[Se]
W
1

5_
after removing PEG
stress. Mehra et al. 0 . T T
: 0 2 3 4
E%gggg iI?(lilicj:ate dMliEZi Osmotic potential levels (bar)

PEG molecules do not Fig. 3. Recovery of seed germination in Lolium perenne L. and
enter to the seed and Bromus tomentellus Boiss. at several osmotic potential levels of
Khajeh-Hosseini et al. NacCl and PEG solutions. Values with the same superscript letter are
(2003) found that there not significantly different at P < 0.01 according to Duncan’s multiple
was no tOXiCity of PEG. comparison range tests
Under salt stress, Na" and ClI” may be taken up by the seeds and toxic effect of NaCl
might appear.

Strong salinity stress in our study did not devitalize seed germination ability; it only
inhibited the germination temporarily and the viability was maintained. It is because
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seed germination was recovered when the stress was removed. Seeds of some species
when pre-treated with salinity stresses showed a priming effect of salinity on germina-
tion, while others showed no effect of salinity on germination and recovered immedi-
ately after removing salinity stress was removed. Another species failed to germinate
when exposed to high salinity stress (Khan, Ungar, 1996). Under hyper-saline condi-
tions, seed survival may be an appropriate criterion for success rather than germinability,
since recovery germination does occur in the seeds of B. tomentellus, L. perenne, and
other species when hyper-saline conditions are alleviated (Redondo et al., 2004; Song et
al., 2005; Tlig et al., 2008). Yuying et al. (1999) reported that after removing the stress,
the seed germination and early seedling growth were higher than those of the untreated
seeds were.

CONCLUSIONS

Salinity affects the germination process in Lolium perenne and Bromus tomentellus
seeds. However, the evaluated selections have different levels of tolerance to iso-osmotic
solutions. The components of salinity (osmotic and ionic) affect the evaluated two spe-
cies differently. Lolium perenne was more affected by the osmotic effect, while Bromus
tomentellus was more affected by the ionic effect. When seeds were transferred to a non-
saline medium after 7 days of their exposure to salinity, there was a substantial recovery
of germination. However, seed germination under natural conditions is more compli-
cated and influenced by many factors such as salinity, drought, light, and temperature.
Future studies would focus on the interactive effects of these factors and on the under-
standing of the ecophysiological strategies of plants for survival under natural environ-
mental conditions. Lolium perenne and Bromus tomentellus are important plants for
forge production in Iran which could be used to improve the quality of degraded saline
land (with moderate salinity) as well as a high protein diet for animals.

The authors wish to thank the Tarbiat Modares University for financial support of
their study.
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