
R
d

M
R
I

a

A
R
R
A
E

K
D
D
E
O
P
P
S

1

g
s
t
(
l
s
w
i
c
o

h
0

Flora 233 (2017) 150–155

Contents lists available at ScienceDirect

Flora

j o ur nal ho me page: www.elsev ier .com/ locate / f lora

ole  of  chemicals  in  alleviating  salinity  and  light  related  seed
ormancy  in  sub-tropical  grasses

.  Ajmal  Khan ∗, Faiza  Shaikh,  Afsheen  Zehra,  M.  Zaheer  Ahmed,  Bilquees  Gul,
aziuddin  Ansari

nstitute of Sustainable Halophyte Utilization (ISHU), University of Karachi, Karachi-75270, Pakistan

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 24 December 2016
eceived in revised form 16 May  2017
ccepted 2 June 2017
dited by Hermann Heilmeier

eywords:
ichanthium annulatum
ormancy regulating chemicals
ragrostis ciliaris
smoprotectants
hragmites karka
lant growth substances
eed germination

a  b  s  t  r  a  c  t

This study  is  based  on  the  assumptions  that annual  grasses  express  more  complex  seed  dormancy  than
perennials,  while  dormancy  regulating  chemicals  (DRCs)  help  in  recovering  seeds  from  dormancy.  The
role  of six  such  chemicals,  viz. plant  hormones  −  Kinetin,  Fusicoccin;  organic  osmotica  −  Proline,  Betaine;
nitrogenous  compounds  −  Nitrate,  Thiourea,  in  alleviating  effects  of  salinity  and  light  on  seed  germination
of  three  subtropical  grasses  (perennials:  Phragmites  karka,  Dichanthium  annulatum;  and  annual:  Eragrostis
ciliaris)  was  hence  investigated.  All  seeds  of P. karka  and D. annulatum  germinated  in non-saline  condition
while  in  E. ciliaris,  60%  seeds  germinated  in  absence  of salts,  10%  were  dead  and  30%  were  dormant.
Salinity  reduced  germination  of  the  test  species  to following  levels  (% of  non-saline  control)  under  highest
NaCl  concentration  used:  P. karka  (30%  at 500  mM),  D. annulatum  (25%  at  400  mM)  and  E. ciliaris  (10%  at
125 mM).  The  application  of  all DRCs  alleviated  conditional  dormancy  associated  with  salinity  more  in P.
karka  than  D.  annulatum  but negligibly  in the  case  of  E.  ciliaris.  Absence  of light  inhibited  seed  germination
of  P.  karka  (partially)  and E.  ciliaris  (completely)  but under  these  conditions  the  application  of  DRCs
increased  germination  of  P.  karka  only.  Nitrate  was generally  more  effective  than  other  DRCs  in  increasing
seed  germination  both  in salinity  as  well  as in  complete  darkness.  Seed  germination  was  synergistically

inhibited  by  salinity  under  dark  conditions  compared  to  their  individual  effects  and  was  completely
alleviated in  P.  karka  and  D.  annulatum  seeds  by DRCs.  In  conclusion,  the annual  grass  (E.  ciliaris)  used
both  innate  and  induced  type of  seed  dormancy  along  with  absolute  light  demand  for  successful  seedling
establishment  while  perennials  (P.  karka  and  D. annulatum)  depended  on enforced  dormancy.  Moreover,
seed  dormancy  could  be alleviated  by DRCs  in  perennial  grasses  but not  in the  annual  species.

©  2017  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Under harsh environmental conditions halophytes, particularly
rasses, generally employ vegetative propagation as a short term
trategy while they rely on seed germination for routine propaga-
ion to introduce new genotypes from evolutionary point of view
Gul et al., 2013). Seed germination, a very important stage in the
ife cycle of a plant, may  however be affected by nature of the
eed and/or environmental conditions. Seeds of agricultural crops
hich have been domesticated for many years germinate readily on
mbibition while wild plants that face uncertain, often hazardous
onditions, have to adopt suitable strategies − seed dormancy being
ne such tactic − for progeny perpetuation. The phenomenon is of

∗ Corresponding author.
E-mail address: majmalk@uok.edu.pk (M.A. Khan).

ttp://dx.doi.org/10.1016/j.flora.2017.06.001
367-2530/© 2017 Elsevier GmbH. All rights reserved.
particular importance for halophytes that are routinely exposed to
extreme climatic and soil conditions in their habitats. Seeds that
do not germinate under optimal conditions but retain viability are
considered as ’innately dormant’ whereas those that do not ger-
minate in adverse environments but have ability to do so when
conditions are favorable are called ‘conditionally dormant’ (Baskin
and Baskin, 1985).

Plants of sub-tropical vegetation have generally to face condi-
tions of low rainfall and high temperatures which forces them to
adopt suitable strategies to survive. The perennials are at advan-
tage under these conditions because they do not depend entirely
on seed germination but can also propagate vegetatively. The sit-
uation attains more significance for annuals like Eragrostis ciliaris

which perpetuate through seed germination and have very lim-
ited time at their disposal to be successful. Consequently they have
a greater need than perennials to rely on keeping some seeds
dormant to keep the seed bank intact until the monsoon rains

dx.doi.org/10.1016/j.flora.2017.06.001
http://www.sciencedirect.com/science/journal/03672530
http://www.elsevier.com/locate/flora
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flora.2017.06.001&domain=pdf
mailto:majmalk@uok.edu.pk
dx.doi.org/10.1016/j.flora.2017.06.001
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rrive (June to August) that decrease soil salinity as well as lower
he ambient and soil temperatures along with providing appro-
riate photoperiod. The presence of innate seed dormancy has
een previously reported in E. ciliaris (El-Keblawy and Gairola,
016).

Salinity, temperature and light are among the most important
actors which govern these adaptive strategies and keep the seeds
iable but restrict or delay their germination to avoid unfavorable
onditions thereby regulating seedling establishment (Baskin and
askin, 1998; Footitt et al., 2013). Some halophytic grasses like
eluropus lagopoides,  Desmostachya bipinnata, Urochondra setulosa
ave the ability to germinate some seeds in up to 500 mM NaCl
hile a number of them (like Triglochin maritima and Cyprus con-

lomeratus) remain dormant but maintain viability and recover
pon removal of salt stress (see Gul et al., 2013 and references
herein). Similarly, some grass species like Sporobolus ioclados
Khan and Gulzar, 2003) or Urochondra setulosa (Khan and Gulzar,
003) require light for seed germination while others like Panicum
urgidum (El-Keblawy et al., 2011) or Halopyrum mucronatum (Khan
nd Gulzar, 2003) have no such need. The response may  vary under
ombination of stresses, e.g. germination inhibition of Aeluropus
agopoides and Desmostachya bipinnata seeds increased on exposure
o salinity in absence of light (Gul et al., 2013).

Alteration in the endogenous hormonal profile during seed
ermination may  change physiological, biochemical and molec-
lar responses resulting in variable effects (Baskin and Baskin,
998). The importance of dormancy regulating chemicals to allevi-
te the innate dormancy in grasses has recently been highlighted
y El-Keblawy and Gairola (2016) who reported that exogenous
pplication of plant hormones and some other organic com-
ounds increased seed germination of sub-tropical halophytes
nder saline conditions. Plant hormones such as GA3, kinetin,

usicoccin may  alter membrane functions (Ashley et al., 2006;
astry and Shekhawat, 2001; Sawan et al., 2000), substitute for
ight and counter the effect of abscisic acid under saline stress
Hermann et al., 2007; Kucera et al., 2005). Similarly, nitrogenous
ompounds like nitrate and thiourea are reported to alleviate salin-
ty enforced dormancy (El-Keblawy, 2013; Khan and Ungar, 2001)

hile organic osmotica like proline and glycine-betaine may  pro-
ide osmo-protection to alleviate seed dormancy under salinity
tress (Song et al., 2005).

Out of 140 halophyte grasses reported worldwide (Glenn et al.,
999), 70 are found in Pakistan having commercial and ecologi-
al significance (Khan and Qaiser, 2006). Phragmites karka (Retz.)
rin. ex. Steud, a perennial grass, usually grows as pure popula-
ions (around 50 plants m−2) in flooded saline habitats (Konwar
t al., 2009). It can attain a height of about 10 m with rapid growth
ate (annual net primary productivity rate about 800 g m−2 year−1;
hatri and Barua, 2011) which makes it a good biofuel crop

Abideen et al., 2012). Dichanthium annulatum (Forssk.) Stapf is
 perennial fodder grass of up to 100 cm height occurring in
rid/semiarid regions of the world and throughout the inland and
oastal areas of Pakistan (Ashraf et al., 2006). Eragrostis ciliaris
L.) R. Br. is an annual grass of 5–60 cm height that is distributed
idely in salt flats and usually develops after monsoon rains; it

s readily grazed (Ashraf et al., 2006). A species-specific response
as been reported when seeds of these species were germinated
nder varying salinity, temperature and photoperiod (Shaikh et al.,
013; Zehra et al., 2013). With the objective to explore the types and
echanism of seed dormancy in these annual and perennial grasses

hat help them to cope with harsh environmental conditions, the
urrent study was conducted based on the following hypotheses:

) Seeds of annual grasses have more developed dormancy mech-
nisms than those of perennial grasses, and 2) Dormancy can be
lleviated with the external application of dormancy regulating
hemicals (DRCs).
3 (2017) 150–155 151

2. Materials and methods

2.1. Habitat and seed source

Mature seeds of D. annulatum,  E. ciliaris and P. karka were
collected during September 2009 (rainfall: 20 mm;  minimum tem-
perature: 26 ◦C; maximum temperature: 32 ◦C and Humidity:
≈55%) from salt flats of Karachi University campus (24◦ 56′ 11.23′ ′

N, 67◦ 07′ 26.43′ ′ E). Inflorescences were air dried in shade; seeds
were separated from spikes, surface sterilized with 0.82% sodium
hypochlorite for 1 min, thoroughly washed, air dried and used for
the experiments without any storage.

2.2. Seed germination in distilled water (DW)

Seeds were germinated in plastic Petri plates (50 mm diame-
ter × 9 mm  height; 25 seeds/Petri plate in 4 replicates/treatment)
containing 5 ml  of distilled water (DW) (both with and with-
out DRCs [plant hormones: Kinetin (0.05 mM), Fusicoccin (5 �M);
organic osmotica: Betaine (0.1 mM), Proline (0.1 mM);  nitrogenous
compounds: Thiourea (10 mM),  Nitrate (20 mM)]) and placed in
programmed incubators (Percival Scientific, Boone, Iowa, USA).
Based on information from earlier studies (Shaikh et al., 2013;
Zehra et al., 2013), seeds of E. ciliaris and D. annulatum were sub-
jected to thermoperiods of 25/35 ◦C and of P. karka to 20/30 ◦C
[higher temperature corresponded to 12 h light (25 �mol  m−2 s−1;
400–700 nm)  and the lower temperature to 12 h dark]. A set of
petri-plates was  placed in 12 h photoperiod, whereas another set
was placed in complete dark. Final germination (emergence of the
radical) was recorded after 20 d and un-germinated seeds were
tested for viability by tetrazolium chloride.

2.3. Effect of salinity on seed germination

Based on our earlier studies (Shaikh et al., 2013; Zehra et al.,
2013) seeds of all three test species were germinated in various
concentrations of NaCl (25, 75, 100, 125, 150 mM for E. ciliaris;  100,
200, 300, 400, 500 mM for D. annulatum and P. karka) with and
without DRCs, while using the same temperature regime and pho-
toperiods as mentioned in Section 2.2. Germination was recorded
after 20 d of experiment. Seeds that did not germinate under salin-
ity and absence of DRCs were subjected to tetrazolium chloride test
and all viable seeds were considered conditionally dormant.

2.4. Statistical analyses

Data were subjected to analyses of variance using SPSS Version
11.5 (SPSS, 2002) for windows (SPSS, Chicago, IL, USA). Bonferroni
test (multiple range test) was  performed to compare the significant
differences among means. Variables were arcsine transformed for
normality and homogeneity of variance when necessary. Means
and standard errors were used to construct graphs by Sigma Plot
for Windows ver. 10.0 (Systat Software, San Jose, CA, USA).

3. Results

3.1. Seed germination in distilled water

All seeds of P. karka and D. annulatum germinated in DW in 12 h
photoperiod; however, seeds of E. ciliaris showed only 60% germi-
nation while out of remaining 40%, 10% were dead and 30% were
dormant (Fig. 1). All DRCs failed to increase seed germination of E.

ciliaris in 12 h photoperiod (data not shown).

Light had a significant effect on seed germination of P. karka
and E. ciliaris in non-saline condition. Germination inhibition of P.
karka was  ≈30% in complete dark as compared to 12 h light (Fig. 1).
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Fig. 1. Response of Phragmites karka, Dichanthium annulatum and Eragrostis ciliaris
fresh seeds in distilled water at 12 h light: 12 h dark (white bar; pattern indicates
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Fig. 2. Germination percentages of Phragmites karka and Eragrostis ciliaris seeds in
distilled water with and without dormancy regulating chemicals (DRCs) at 24 h dark

F
d

he  seed status) and 24 h dark (grey bar) photoperiods. Values are means + S.E (n = 4).
ars with the same letters are not significantly different (P > 0.05) between photope-
iod treatments of a species.

lmost no seed of E. ciliaris germinated in 24 h dark while response
f D. annulatum seeds remained unchanged in both photoperiods
Fig. 1). Nitrate was the only DRC which increased seed germination
f P. karka in dark, whereas no positive effect of any DRC was found

n E. ciliaris (Fig. 2).

.2. Seed germination in saline medium

Seed germination of all species was inhibited by salinity at 12 h
hotoperiod, with P. karka being the most salt tolerant among
est species (Fig. 3). Under the higher NaCl concentration used for
ndividual species, P. karka showed 30% germination at 500 mM

hile 5% seed of D. annulatum and E. ciliaris germinated in 500
nd 125 mM respectively (Fig. 3). All un-germinated seeds were
iable and dormant except 10% dead seeds in E. ciliaris (data not
hown). Salinity-imposed conditional dormancy in P. karka and

. annulatum seeds was partially alleviated (≈30%) with applica-

ion of kinetin and fusicoccin (Fig. 4). Organic osmotica (Betaine,
roline) and nitrogenous compounds (Thiourea, Nitrate) increased
eed germination up to 60% and 40% in P. karka and D. annulatum
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photoperiod. UC are the untreated controls (of 12 h light: 12 h dark and 24 h dark
photoperiods, respectively). Values are means + S.E (n = 4). Bars with the same letters
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respectively at 500 mM  NaCl, however seed germination of E. cil-
iaris was <20% in 150 mM NaCl (Fig. 4). Among all DRCs, the effect of
nitrate was more pronounced on seed germination of test species,
especially at higher NaCl concentrations (Fig. 4).

Seed germination of P. karka and D. annulatum was inhibited
>50% under salinity in 24 h dark treatment, while seeds of E. cil-
iaris failed to germinate in dark (Fig. 3). Seed germination of P.
karka at 400 mM NaCl was almost completely alleviated by all DRC
used except for fusicoccin (Fig. 5). In contrast, all DRC’s signifi-
cantly increased seed germination of D. annulatum compared to
control in 24 h dark (Fig. 5). Among used DRCs, fusicoccin and pro-
line increased seed germination to less than 10% in E. ciliaris under
complete dark and salinity (Fig. 5).

4. Discussion

In the present study, partial innate dormancy was observed in
seeds of E. ciliaris (annual) that could be due to immature embryo

as also reported in Eragrostis rigidior (Ernst et al., 1991) or it could
be a strategy to maintain a seed bank under harsh environmental
conditions like some other sub-tropical grasses (Gul et al., 2013).
El-Keblawy and Gairola (2016) found complete innate dormancy
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n E. ciliaris seeds (collected during the month of April and stored
t room temperature for two months) from a population located
n the Arabian Peninsula. The difference in the intensity of innate
ormancy in E. ciliaris is possibly the result of temporal and envi-
onmental variation in seed development to maturation time. Fresh
eeds of perennial species (D. annulatum and P. karka) did not have
ny dormancy which could assist them to make a transient seed
ank after seed dispersal and allow them to germinate in a short
indow after rainfall.

Salinity is known to cause seed dormancy either by osmotic
r/and ionic effect (Kaya et al., 2006) which could disturb a bal-
nce among hormones (Atia et al., 2009). In the present study, seed
ermination among species was reduced in the following order:
. ciliaris > D. annulatum > P. karka with increasing NaCl concentra-
ion. The non-dormant seeds of E. ciliaris (annual) appear to have
ow tolerance to salinity (<150 mM)  and entered into a phase of
onditional dormancy. The responses of E. ciliaris seeds in salinity
ndicate the salt- sensitive nature of this grass. This is substanti-
ted by the observation that seed germination of E. ciliaris generally
ccurs in nature immediately after heavy rainfalls that dilute salin-

ty from the upper soil layer and support the plant to complete
ts short life span during favorable environmental conditions. The

embers of Eragrostis spp. have some slime on the seed surface
hat helps to absorb water during seed germination (Kreitschitz
t al., 2009), but under salinity the prolonged retention of water
round the seed may  also restrict the availability of oxygen to the
mbryo with harmful consequences. Seeds of P. karka and D. annu-

atum maintained their viability and almost all seeds germinated
hen transferred from saline conditions to distilled water (Shaikh

t al., 2013; Zehra et al., 2013). In the present study, seeds of P.
arka and D. annulatum entered into conditional dormancy under
aline conditions. Conditional seed dormancy in E. ciliaris could be
ue to its life form (annual) while in P. karka and D. annulatum it
eems to be an adaptive response related to the water status of
he soil habitat. In general, weeds have non-deep type physiolog-
cal dormancy which can cycle back and forth between dormancy
nd non-dormancy depending on environmental conditions until
hey germinate. Conditional dormancy could directly regulate the
opulations of E. ciliaris,  D. annulatum and P. karka seedlings in nat-
ral habitats and indirectly reduce competition among developing
eedlings for nutrients and space (E. ciliaris), water (D. annulatum)
nd light (P. karka).  Conditional dormancy linked to salinity could
lso help in maintaining the seed bank of test species by beginning
ermination at the onset of monsoon rains that reduces substrate
alinity and helps in avoiding population extinction.

Photoblastic response is an ecological adaptation which pre-
ents germination when seeds are buried deep in the soil, leaf
itter or under a dense canopy. In the present study, seed germina-
ion of test species reduced under complete dark in the following
rder: E. ciliaris > P. karka > D. annulatum.  Seeds of E. ciliaris showed
n absolute light requirement which may  be a part of complex
ormancy mechanisms to regulate the germination time of this
nnual grass which may  not be essential for most of the peren-
ials. The absence of germination in complete dark is probably due
o the presence of E. ciliaris seeds in the upper layer of sand dunes
personal observation). The light sensitive response of this annual
rass favors to complete its life cycle in a short window of optimal
nvironmental conditions (Gul et al., 2013). However, light seems
mportant for seed germination of the perennial P. karka also which

ight help in controlling the density of seedlings under a dense
anopy. Among test species, seed germination of P. karka and E. cil-
aris appears more sensitive to light than higher salinity while in

ase of D. annulatum,  NaCl solution inhibited more in comparison
ith complete dark treatment only. Increased sensitivity to light

uring seed germination under salinity has also been reported in
ther grasses (Khan and Gulzar, 2003).
3 (2017) 150–155

Population establishment of the annual grass E. ciliaris purely
depends on successful seed germination, therefore it is compelled
to develop 1) innate seed dormancy to maintain a seed bank
when rain-fall season is extended, 2) use conditional dormancy
to retain seed viability in harsh environmental conditions (high
salinity, cooler temperature; during September–April) and adopt
light sensitivity to allow only those seeds to germinate which can
complete the life cycle in a short period. In contrast, only condi-
tional dormancy with partial light sensitivity (in P. karka) indicates
the absence of any compulsion on seed germination in perennial
grasses. Above findings are in agreement with our first hypothesis
“seeds of annual grasses have more complex seed dormancy than
perennials”.

Exogenous application of hormones has been reported to
increase seed germination of some sub-tropical halophytes under
saline conditions (El-Keblawy, 2013). Species-specific effect of
kinetin and fusicoccin on germination of several halophytic grasses
under NaCl has been reported − they partially alleviated ger-
mination of Aeluropus lagopoides but had no effect on seeds of
Sporobolus ioclados and Urochondra setulosa (Khan and Ungar,
2001). Kinetin could alleviate seed germination by protecting cell
membranes from reactive oxygen species (Chaitanya and Naithani,
1998), increasing amylase activity (Kaur et al., 1998), improving
water uptake (Sastry and Shekhawat, 2001) and enhancing ethy-
lene biosynthesis to minimize ABA production (Hermann et al.,
2007). Fusicoccin is reported to stimulate ATPase production which
rapidly increases during the early phase of germination facilitat-
ing proton extrusion and K+ uptake (Ashley et al., 2006). It is also
known to alleviate inhibitory effects of ABA on germination and
embryo growth of de-coated Orobanche ramosa seeds (Evidente
et al., 2006). In the present study, kinetin and fusicoccin helped
in breaking dormancy of D. annulatum and P. karka seeds when
exposed to salinity alone or under complete darkness, but had no
effect on E. ciliaris.  Our results indicate that plant hormones are
involved in seed dormancy of perennials but do not have a major
role in an annual grass. Such information indicates that the use of
plant hormones is an effective idea to increase the recruitment of
perennial grasses during saline agriculture.

Organic osmotica like proline and betaine are known to increase
seed germination of some sub-tropical halophytes under harsh
environments (Khan and Ungar, 2001). Both proline and betaine are
involved in osmotic adjustment, reducing oxidative stress, mem-
brane stabilization and protection of proteins in the cytoplasm
(Song et al., 2005). In the present study, seed germination of D.
annulatum and P. karka increased under salinity irrespective of
presence or absence of light when treated with proline and betaine.
However, both compounds failed to increase germination of E. cil-
iaris under salinity which indicates that germination inhibition is
not due to water limitation as sufficient water uptake is possible
because of the presence of slime around the seed (Kreitschitz et al.,
2009).

Nitrogenous compounds have been extensively reported to
break seed dormancy of sub-tropical species (El-Keblawy, 2013).
Similarly, salinity enforced seed dormancy in test species was
partially alleviated with the application of nitrate and thiourea.
Thiourea and nitrate are reported to break seed dormancy by
reducing the effect of ABA, increasing cytokinin concentration, and
altering redox status (Srivastava et al., 2010). In addition, they pro-
mote seed germination under saline conditions by increasing cell
elongation rate (Esashi et al., 1979), enhancing antioxidant defense
system (Srivastava et al., 2010), controlling membrane kinetics for
ion uptake (Aldasoro et al., 1981) and regulating enzyme activity

and its turnover (Srivastava et al., 2010). The thiol (-SH) group in
thiourea is implicated in activating enzymes during seed germina-
tion (Srivastava et al., 2010). Nitrate has also been reported as a
hormone that naturally occurs in soils and regulates seed germina-
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components of stress tolerance. Ann. Bot. 106, 663–674.
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ion through phytochrome (Batak et al., 2002). Baskin and Baskin
1994) reported that nitrate can be used to break dormancy in seeds
hich require light for germination. For instance, seed germination

f Hypericum species (light sensitive) is enhanced by exogenous
NO3 in dark (Cirak et al., 2007). We  also found similar results

n P. karka which is distributed in nitrogen rich soils but not in
. ciliaris which is usually found in drier and nutrient poor habi-
ats. Therefore, our second hypothesis “dormancy can be alleviated
ith the external application of DRCs” is true for D. annulatum and P.

arka but not for E. ciliaris.  El-Keblawy and Gairola (2016) reported
he failure of DRCs in increasing germination of E. ciliaris in com-
lete dark. Results indicate that the annual grass E. ciliaris has more
omplex seed dormancy than perennials.

. Conclusion

The annual grass Eragrostis ciliaris used both partial innate and
onditional dormancy which may  help this annual (relatively salt
ensitive) grass in maintaining a seed bank under harsh environ-
ental conditions while perennials depended only on conditional

ormancy as an adaptation in response to harsh environmental
ondition. Dormancy regulating chemicals failed to break salin-
ty triggered conditional dormancy or increase germination under
omplete darkness in E. ciliaris.  Chemical treatments helped in
reaking salinity induced conditional dormancy to varying degree

n both perennial grasses while light requirement during germi-
ation was compensated only in Phragmites karka. Nitrate was
enerally more effective in alleviating adverse effects of salinity and
ight on germination. These results suggest that depending on their
ife form and variability in habitat, seeds of sub-tropical grasses
ave evolved different strategies to avoid/delay germination under
nsuitable environmental conditions.
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