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Abstract: The effect of reduced osmotic potentials on germination and early seedling growth of four rice cultivars differing in
salt tolerance were studied using iso-osmotic solutions (0, -0.232, -0.457, -0.677, -0.906 and -1.129 MPa) of NaCl and
polyethylene glycol (PEG 4000). Seed germination and early seedling growth were assessed using four replicates of 25 seeds
at 21+ 1°C in the dark using paper towel method. Onset of germination, germination rate and seedling growth, all declined with
increasing concentrations of both NaCl and PEG, the Tormer being mors inhibitory. Germination and growth processss wers
mainly affected at and above -0.457 MPa osmotic potential in both NaCl and PEG. Rice cultivars differed greatly in their tolerance
to salt and water stress. However, the differences were well pronounced in NaCl but less so in PEG. The imposition of water
stress by PEG for 9 days did not permanently inhibit germination or induce dormancy. However, salt stress appeared to be
lethal than the equivalent osmotic potentials of PEG. Salt tolerant cultivars (V2 and BR23) parformed consistently better under
salt stress and consistently poor under osmotic stress compared with salt sensitive cultivars (V1 and IR8). These rasults
suggestsd that the salt tolsrancs of rice cultivars is probably detarmined by thsir ability to withstand sxcessive Na+ and CI-

ions rather than their ability of water stress tolerance.
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Introduction

Soil water potential is an important environmental factor in saline
arsas controlling germination and ssedling sstablishment. The
regulation of seed germination by such environmental factors is
important in both ecological and agricultural context as the
interactions between environmental stress and endogenous
adaptation mechanisms determine whether a particular seed will
germinate under given conditions (Falleri, 1994). Fully imbibed,
non-dormant seeds can be expected to initiate radicls growth after
a lag period related to temperature. If the water potential of the
imbibition medium is reduced, germination will be dslayed or
prevented depending upon the extent of reduction in water
potential (Falleri, 1994).

The delsterious effects of salinity on germination and early
seedling growth is well established (Greenway and Munns, 1980;
Bewvlay and Black, 1982). Howaver, opinion regarding the mode
of delstarious sffects of salinity on garmination and sarly sesdling
growth differ among the researchers. Some workers describe the
effect in terms of osmotic potential (Greenway and Munns, 1980;
Bewley and Black, 1982); while others explain it as a toxic effect
{(Hampson and Simpson, 1990a, b). Some also explain the effect
of NaCl on germination and early seedling growth as having both
osmotic and toxic components {Katembe et al., 1998).

Although a few studies have been conducted on wheat, barley,
pulses, halophytes etc. information about rice is scanty. The
degree to which salinity affects the germination and early seedling
growth of rice by an osmotic effect or specific ion toxicity or both
and whether it differs between cultivars differing in salt tolerance
is still a subject of study. One technique Tor studying the effect of
water stress on germination and early seedling growth is to
simulate stress conditions using artificial solutions to provide
variable osmotic potentials (Taylor ef af., 1982). If NaCl has only an
osmotic effect, iso-osmotic NaCl and PEG solutions should affect
the seeds in the same manner and to the same extent.

The prassnt work was initiated to dstermins the effsct of iso-
osmotic solutions of NaCl and PEG on germination and early
seedling growth of two typss of rice cultivars differing in salt
tolerance and to differentiate the osmotic effect from the toxic
effsct through comparison of NaCl and metabolically inactive
osmoticum, polyethylene glycol (PEG 4000).

Materials and Methods

The study was conducted at the University of Aberdeen, UK
during February to March, 2001. Four rice cultivars (BR1192-2B-
3b = V1, BRE828-11-1-4 = V2, IR8 and BR23) differing in salt
tolsrance wers asssessed in this sexperiment. V1 and IR8
represented salt-sensitive while, V2 and BR23 represented salt-
tolerant cultivars {(Alam, 2001).

Different levels of reduced water potentials were imposed using
different concentrations of NaCl and polysthylens glycol 4000
(PEG 4000), as shown below;

Table 1: Water potentials of NaCl solution and PEG 4000 at 22°C in
terms of mM of NaCl and %PEG 4000
% PEG 4000
(Based on average molecular

NaCl {(mM)  Osmotic patential {Mpa) weight of 3360)
0 0 0

50 -0.232 8.267
100 -0.457 14.789
150 -0.677 19.624
200 -0.906 23.036
250 -1.129 24.770

(Adapted from Mexal ef al, 1975).

Seed germination was assessed using four replicates of 25 seeds
in a randomized complete block design (RBD). Prior to the
germination test, seeds were surface sterilized in 1% sodium
hypochloride solution for one minute. Then they were rinsed in
distilled water for two one minute periods. The 25 seeds were
placed on 80 cm length paper towel {18.50 cm wide), folded to
give two layers of towsl and pre-moistened with sithar 30 ml of
distilled water or the experimental solution. The sseds wers
coversd by another Told of 40 cm length paper towsl, pre-
moistenad with 10 ml of the respective experimental solution.
Each towel was then rolled and partially immersed in a beaker
containing 10 ml of the appropriate osmotic solution. Each beaker
was then kept in a tightly clossd polythene bag and placed in a
germination room at 21+ 1°C in the dark. Germination was
recorded svary day for 9d. Sesds were considered germinated
when both the plumule and radicle had extended to more than 2
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mm. Final count of germination and plumus and radicle lengths
were recorded at 9th day.

After completion of the germination test {9 d), any ungerminated
seads were washed wasll to remove any NaCl or PEG on the sesd
surface and placed for germination in distilled water. Germination
counts ware recorded daily Tor a further 8 d.

Germination rate {GR) was calculated as GR = 1/T., and Ty (=
mean germination time, MGT) was calculated with the following
equation of Younsheng and Sziklai {1985).

MGT = Tnd/N.

Where, n is the number of germinated seeds on each day, d is the
number of days Trom the beginning of the test and N is the total
number of germinated seeds.

The data were analysed using standard statistical procedurss. All
percentage germination data were transformed to arc sine values
before statistical analysis.

Results

Final germination: Final germinations wars significantly reduced in
NaCl and PEG 4000 (Fig. 1). When the first two points were
excluded, approximately linear fits (r = 0.917, P < 0.001 for NaCl
andr = 0.902, P < 0.001 for PEG 4000) were obtained to the
remaining points. NaCl was less inhibitory permitting greater
germination than PEG. The response of the salt-sensitive and
tolerant cultivars differed in NaCl but they respondsd similarly in
isc-osmotic solutions of PEG. There was a little reduction in
germination in iso-osmotic solutions of both NaCl and PEG above
-0.4567 MPa. At osmotic potentials of -0.677 and -0.906 MPa
germination of salt-sensitive cultivars was reduced to about 74
and 20% respectively and it was completely inhibited at -1.129
MPa in NaCl. Salt-tolerant cultivars however, maintained about 90
and 70% germination respectively at osmotic potentials -0.906
and -1.129 MPa. In contrast, a largs reduction in germination of
these cultivars was observed in iso-osmotic solutions of PEG after
-0.457 MPa. Final percent germination in PEG did not excesd 14%
in osmotic potential -0.677 MPa in all cultivars and it was
complstsly inhibited at osmotic potential -0.906 MPa. Cultivars
differed significantly in their response to salt and osmotic stress
and the diffarances ware pronounced at and above -0.677 MPa
osmotic potentials. BR23 was highly tolerant to salt stress but
highly sensitive to osmotic stress. V2 was highly tolerant to salt
stress and moderately sensitive to osmotic stress. In contrast, 1R8
was highly sensitive to salt stress but was the most tolerant
cultivar to osmotic stress. V1 was moderately sensitive to osmotic
strass and highly sensitive to salt stress.

After 9 days the un-germinated seeds were rinsed and transferred
to a paper towsl with distilled water to check for possible
inhibition or permanent damage caused by NaCl and PEG. The
response of the seeds was rapid except for the salt-tolerant
cultivars, which had been in NaCl. Maximum germination was
achievad within 2 or 3 days. Howswvar, whan total germination
was compared with germination percentage at 0 MPa highly
significant differences wsre found betwesn cultivars and
osmoticum and their interaction was also significant (Tables 2a,
2h). PEG did not permanently inhibit germination whereas NaCl
did, especially in salt-tolerant cultivars. For any osmctic potential,
recovery was higher in PEG than NaCl. None of the seeds of salt-
tolerant cultivars (V2 and BR23) recovered from high NaCl
concentration. On averags, germination during recovery psriod
were about 67 and 87% for V1, 87 and 91% for IR, 0 and 85%
for V2 and 0 and 96% for BR23 respactivaly in NaCl and PEG.

Germination rate (GR): The effact of osmotic potential was more
noticeable on GR than on germination. A moderate osmotic
potential of -0.457 MPa caused a significant reduction in GR. GR
was inversely linearly related to osmotic potential both in NaCl
{r= 0.948, P < 0.001)and PEG {r = 0.981, P < 0.001). Howavar,
the rate of reduction in GR was significantly higher in PEG than its

iso-osmatic solutions of NaCl under all osmotic potentials (Fig. 2).
GR also differed between cultivars in their response to salt stress.
Salt-tolerant cultivars V2 and BR23, had consistently higher GR in
salt solutions. In PEG, differences in GR between cultivars were
not pronounced sxcept BR?23 which was the most ssnsitive
cultivar to osmotic stress {data not presented).

Plumule length (PL): The plumule length of rice was more sensitive
to salt and PEG than either garmination or GR. Weak solutions of
NaCl and PEG {-0.232 MPa) reduced PL to about 84 and 73%
raspactively, whereas osmotic potantials of -0.232 MPa had no
effect on germination and GR (Table 3). In general, PLs were
progmssively mduced as osmotic potentials increassd and the rate
of reduction was greater in PEG {r = 0.983, P< 0.001) than in
iso-osmotic solutions of NaCl {r = 0.972, P <« 0.001). On an
average, at-0.232, -0.457 and -0.677 MPa osmctic potentials, PLs
ware reduced to about 85, 50 and 30% in NaCl and 70, 30 and
10% in PEG respectively to control. At -0.906 and -1.129 MPa
osmotic potentials, PL in NaCl was reduced to about 20 and 5%
respectively to control. Salt-tolerant cultivars (V2 and BR23)
performed consistently bstter in salt solutions but consistently
worse in PEG. In contrast, salt-sensitive cultivars (V1 and IR8)
performed poorly in NaCl, but in PEG their PLs wers significantly
longer than V2 and BR23 at comparable osmotic potentials of
NaCl. BR23 was identified as the most sensitive cultivar to osmotic
stress. lts PLs were reduced to about 90 and 55% in NaCl at -
0.232 and -0.457 MPa whereas, it was reduced to respectively 50
and 156% in comparable solutions of PEG and failed to germinate
at -0.677 MPa. V1 and IR8 were squally tolerant to water stress
and equally sensitive to salt stress.

Radicle length (RL): Like PL, RL was also progressively reduced with
increasing osmotic potentials {Table 4). However, unlike PL, the
reductions in RLs were similar in NaCl and PEG under lower
osmotic potentials {up to -0.677 MPa). They varied between
cultivars as well as between osmotica. On an average at -0.232,
-0.457 and -0.677 MPa, RL was reduced to about 85, 65 and 45%
in NaCl and 75, 60 and 30% in PEG respsctively compared with
control values. Cultivar responses of RL also were similar to those
of PL. Salt-tolerant cultivars V2 and BR23 consistently had shorter
radicles than salt-sensitive cultivars V1 and IR8 in PEG although v2
and BR?3 had consistently longer radicles at any comparabls
osmotic potentials in NaCl. BR23 in particular, was the most
sensitive cultivar to osmotic stress, while V1 was the most
tolerant cultivar to osmotic stress having RL of about 55% to the
control valus at -0.677 MPa. However, V1 was seqgually sensitive to
salt stress, as was IRS.

Discussion

With reducing osmotic potentials, both NaCl and PEG dslayed the
onset of germination, reduced final percent germination, decreased
germination rate and plumule and radicle extension. Such
responses have besn rsported by many workers owver a wids
range of halophytic and glycophytic plant species (Hampson and
Simpson, 1990a, b; Falleri, 1994; Huang and Redmann, 1995;
Katembe et al., 1998). The general view is that a decrease in water
potential gradient between seeds and their surrounding media
adversely affects seed germination and subsequent growth
processes. The physical process of water uptake leads to the
activation of metabolic processes as the dormancy of the seed is
broken following hydration (Katembe et al., 1998). Elevated NaCl
and PEG concentrations slowed down water uptake by seeds,
tharsby inhibiting the garmination process. Reducsd fresh wsight
in elevated iso-osmotic solutions of both NaCl and PEG (data not
presented) indicated reduced water uptake by the germinating
seeds (Alam, 2001).

For all the treatments, PEG was found to be more inhibitory to
germination, GR, plumule and radicle growth compared with iso-
osmotic NaCl solutions. These results agree with those of
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Table 2a: Effect of NaCl on percert germination of different rice cultivars
during germination and recovery period

Osmotic V1 IR8 V2 BR23
potential

{MPa) GP RP GP RP GP RP GP RP
0 95 0 100 0 a7 Q0 100 Q0
-0.232 91 0 93 0 95 0 99 0
-0.457 84 0 98 0 96 Q0 a9 Q0
-0.677 74 0 74 37 92 0 99 0
-0.906 18 69 23 87 88 Q0 a5 Q0
-1.129 0 65 0 36 77 0 68 0
Mean 67 87 0 0

Table 2b: Effect of PEG on percenrt germination of different rice cultivars
during germination and recovery period

Osmotic V1 IR8 V2 BR23
patential

{MPa) GP RP GP RP GP RP GP RP
0 95 0 97 0 a7 0 100 0
-0.232 97 0 95 0 93 0 93 0
-0.457 89 0 94 0 89 0 87 0
-0.677 6 30 14 a0 6 34 0 95
-0.906 0 79 0 91 0 86 0 96
-1.129 0 75 0 93 0 35 0 93
Mean 78 91 85 96

LSD values, osmatic potential = 3.29, osmoticum = 1.90, cultivar =
2.69, osmoticum®cultivar = 3.80, osmotic potential® cultivar = 6.58,
osmotic potertial® osmaticum® cultivar = 9.30. GP = germiration (%)
during germination period, RP = germination (%) during recovery period.
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Hampson and Simpson (19904, b) for wheat, as well as Huang and
Redmann {1995) for barley and Brassica, Gulzar and Khan (2001)
for Aeluropus lagopoides. However, such findings are not
universal. Roundy ef al. (1985) and Katembe et al. {1998) observed
the opposite in wildrye, wheat grass and Atriplex species probably
due to the tolerance of these plant species (halophytic) to high

osmotic stress. The explanation of the higher inhibitory effect of
PEG than NaCl lies in ion or solute entry into the seed. Unlike PEG,
NaCl may readily cross the csll membrans into the cytoplasm of
the cell unless an active metabolic pump prevents accumulation of
the ions (Katembe ef al., 1998). Entering ions lower the seed
osmotic potential which facilitates hydration of the seed by
allowing a higher seed matric potential than the osmotic potential
of the solution surrounding the seed (Roundy et al, 1985b). In PEG,
hydrolysis of storage compounds could lower the internal osmotic
potentials of the seed sufficiently for water entry (Hampson and
Simpson, 1990a).

Imposition of osmotic stress to -0.677 MPa and above with PEG
for 9 days did not substantially reduce wviability or induce
dormancy in rice seads {as measured by the recovery test).
Howwawar, salt stress at squivalent osmotic potentials appearsd to
be lethal especially to the salt-tolerant cultivars and also to a large
propoition of the salt-sensitive cultivars. This is in agreement with
Hampson and Simpson (1990a) in wheat and suggests that
ghycophyte seeds can remain viable Tor a considerabls period under
water stress but not under salt stress. The reason for the differing
lsthality betwsen osmoticum as well as bstwsen cultivars again
could be the ion entry and indicating that NaCl has a toxic effect
in addition to an osmotic sffect. Apparently the entry of salis
speads hydration, but seeds make this osmotic adjustment at the
risk of specific ion toxicities which causs damage fo ssed
metabolism in some way (Shannon and Francois, 1977). Specific
ion toxicity of the Na- and CI- ions on ths cell membrane,
cytoplasm and/or nuclei of the cell may partly be responsible for
the fact that NaCl is more lethal than iso-osmotic concentrations
of PEG (Katembe et al., 1998). NaCl treated seeds therefore, show
poor recovery. Morsover, the pressnce of Nat and CI™ ions in the
cell may induce changes in protein activity because ions affect the
structure of the hydration water which surrounds the protsin
molecule (Waisel, 1972). Cramer et al. {1987) commented that
dividing cells may be sensitive to unfavourabls ion ratios because
they are non vacuolated and therefore, can not compartmentalise
ths ions sasily. The sams may be trus Tor the germinating seeds.
At higher salt concentrations, (-0.906 MPa and above) all or most
{> 7h%) of the seeds of the salt-sensitive cultivars did not initiate
germination and so avoided the adverse effects of salt. In
contrast, seeds of salt-tolerant cultivars, due to their inherent
ability to withstand such salt stress, did initiate germination and
wers affactad subssquently by the toxic sffect of salt and Tailed
to germinate during the recovery period. Onset of mitosis
following germination for seadling establishment usually occurs
wwhen the radicle is about 6-8 mm long. This slongation is achisved
by cell expansion supported by imbibition (Katembe et al, 1998).
lon entry that facilitated water uptake and initial phase of cell
slongation more in salt-tolerant than in salt-sensitive cultivars
might become fatal to the cell division process which is vitally
important for successful germination. Although rice seeds wsarg
able to recover well from soaking in high osmotic potentials in
PEG, their recovery from salt solution was poor. None of the
seeds of salt-sensitive cultivars V1 and IR8, germinated at -1.129
MPa in either NaCl and PEG. However, the recovery of V1 and IRS
respectively by about 65 and 86% from NaCl and by 75 and 93%
from PEG (Tables 2a, 2h) showed that NaCl had an osmotic effact
in addition to a toxic effect especially at higher salt concentrations.
The germination rate (GR) was more affected by moderate osmotic
potential (-0.457 MPa) than final germination percent. Moreover,
seadling growth of rice was more sensitive to osmotic potentials
than germination and GR, with significant effects even at -0.232
MPa. In contrast, osmotic potential of -0.232? MPa had no effsct
on germination and GR. These results are supported by other
studies on wheat (Hampson and Simpson, 1990a) and barley
(Huang and Redman, 1995). Growth probably requires more
turgor pressure and lower osmotic potsntials than germination
{Hadas and Stibbe, 1973).

Plumuls and radicle growth wars progressively reduced as osmotic
potentials decreased both in NaCl and PEG. However, although the
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Table 3: Effect of NaCl and PEG on plumule length of different rice cultivars 9 days after seed placement for germination

Osmotic NaCl PEG

patential

{Mpa) V1 IR8 V2 BR23 Mean V1 IR8 V2 BR23 Mean
0 (PL) 2.78 3.67 4.26 5.13 3.96 2.61 3.58 4.26 5.13 3.89
-0.232 (% C) 80.00 84.00 82.00 89.00 84.00 105.00 70.00 65.00 52.00 73.00
-0.457 (% C) 53.00 40.00 58.00 54.00 51.00 48.00 23.00 23.00 16.00 28.00
0677 {% C) 21.00 20.00 43.00 35.00 30.00 15.00 13.00 9.00 0.00 9.00
-0.906 (% C) 15.00 15.00 30.00 20.00 20.00 0.00 0.00 0.00 0.00 0.00
-1.129 (% C) 0.00 0.00 18.00 $.00 7.00 0.00 0.00 0.00 0.00 0.00

LSD values, osmotic potential = 2.71, osmoticum = 1.56, cultivar = 2.21, osmoticum*cultivar = 3.13, esmotic potential®*cultivar = 5.41, osmotic
potertial® osmoticum® cultivar = 7.65. PL = plumule length in control {cm), %C = percent values to the control, 0 = no germination.

Table 4: Effect of NaCl and PEG on radicle length of different rice cultivars 9 days after seed placement for germination

Osmotic NaCl PEG

potential

{Mpa) V1 IR8 V2 BR23 Mean V1 IR8 V2 BR23 Mean
0 {RL) 5.54 7.23 7.056 7.69 6.88 5.61 6.67 7.056 7.69 6.75
-0.232 (% C) 87.00 97.00 80.00 90.00 89.00 79.00 74.00 85.00 67.00 76.00
-0.457 (% C) 57.00 55.00 74.00 68.00 63.00 63.00 51.00 65.00 57.00 59.00
0677 {% C) 38.00 38.00 54.00 48.00 44.00 50.00 34.00 29.00 0.00 28.00
-0.906 (% C) 23.00 22.00 38.00 30.00 28.00 0.00 0.00 0.00 0.00 0.00
-1.129 (% C) 0.00 0.00 23.00 14.00 9.00 0.00 0.00 0.00 0.00 0.00

LSD values, osmatic potertial = 4.11, asmoticum = 2.38, cultivar = 3.36, osmaticum®cultivar = 4.75, osmotic potential®cultivar = 8.23, osmaotic
potential* osmoticum® cultivar = 11.64. RL = radicle length in contral {cm), %C = percent values to the control, 0 = no germination.

plumule growth was much lower in PEG than NaCl, radicle growth
was similar. These Tindings are not consistent with those of
Roundy et a/. (1985) and Hampson and Simpson (1990b). Since Ca
is important in regulating the membrane permeability and can be
displaced from plasmalemma of rooct cells by Nat ions (Cramer
at al., 198b) and as membrane leakage is much higher in NaCl than
iso-osmotic solutions of PEG (Hampson and Simpson, 1990b),
greatar growth of plumulss and radicles was sxpected in PEG than
NaCl. The explanation lies in the methodology used in this study.
They used Pstri-dishes to garminate the sseds but papsr towsls
wera used in the present study which was later known to contain
Ca {Alam, 2001). The Ca in the paper towsl might had protected
the plumule and radicle growth to some extent from the adverse
effects of NaCl.

Cultivar differences in final percent germination were clear at and
above -0.677 MPa in NaCl but less so in PEG (Fig. 1). This suggests
that rice cultivars might be very sensitive to osmotic stress and
the differences between cultivars are minimal. Nevertheless, there
were significant differences between cultivars. Germination of
BR23 was completely inhibited and that of the other three
cultivars varied between 6-14% at -0.677 MPa in PEG. Thase
differences in response to osmotic stress tolerance could be
genetic i.e. seeds of different cultivars might have different critical
water potentials or hydration levels below which the physical
processes of germination are slowed or prevented as similarly
observed in seeds of different plant species (Hadas and Stibbe,
1973; Naylor, 1991).

These results indicate that salt tolerance of rice cultivars is
probably determined by their ability to withstand the excessive
MNa*+ and CI~ ions not by their ability to tolerate osmotic stress.
Therefore, study on the compartmentation of Na+ and CI™ ions in
different paris of the seads during germination and sarly sesdling
growth may be needed to explain the mode of action of NaCl on
sead garmination and early ssedling growth. Considerable cultivar
differences are likely to exit in rice in response to salt stress but
differsnces under osmotic stress are minimal. The implications of
this for plant breeders are that rice cultivars tolerant of low
osmotic pressure in PEG would bs likely to bs salt-tolerant, but
that a large number of salt-tolerant lines might be missed by
scresning in PEG. The appropriate strategy is to screen in salt
solution.
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