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Alleviation of salinity-induced dormancy in perennial grasses
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Abstract

All seeds of Aeluropus lagopoides and Urochondra setulosa germinated under non-saline conditions except for
Sporobolus ioclados which showed only 40 % germination. Increase in salinity substantially inhibited germination and
few seeds germinated at 400 mM NaCl. Germination at 200 mM NaCl was alleviated in U. setulosa by the application of
gibberellic acid and fusicoccin, in 4. lagopoides by thiourea, betaine, kinetin, fusicoccin and ethephon, and in
S. ioclados by gibberellin and ethephon. High salinity (400 mM NaCl) induced germination inhibition was alleviated by
proline, kinetin, fusicoccin and ethephon only in 4. lagopoides.
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Seed germination of halophytic grasses is usually
prevented by physiological causes induced by availability
of less than optimal environmental factors like water,
oxygen, light, temperature, and soil salinity (Ungar
1995). These conditions usually cause the imbalance of
growth regulators resulting in increased levels of ABA
and other germination inhibitors, and a decrease in
endogenous growth promoters (Bewley and Black 1994).
Germination regulating chemicals like ethephon,
fusicoccin, nitrate, thiourea, gibberellic acid (GA;),
kinetin, proline, and betaine are reported to release
dormancy imposed by such factors (Khan and Ungar
2001abc). However, the effect of these chemicals varies
from one species to another (Bewley and Black 1994,
Ismail 1990, Gul ef al. 2000, Khan and Ungar 2001abc).

Grasses (Aeluropus lagopoides, Sporobolus ioclados
and Urochondra setulosa) are highly salt tolerant at
germination and some seeds germinated in up to 500 mM
NaCl (Gulzar and Khan 2001, Gulzar er al. 2001, and
unpublished data) at 20/30 °C. The present study was
carried out to study the effects of germination regulating
chemicals in alleviating the salinity-induced dormancy of
three perennial grasses.

Inflorescence of Urochondra setulosa were collected
from Sands pit along the Arabian Sea, Aeluropus lagopoides
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and Sporobolus ioclados from their populations at the
Karachi University campus. Seeds were separated from
inflorescence, cleaned and dry stored at room temperature
after surface sterilization with 0.85 % Clorox (sodium
hypochlorite) for 1 min. NaCl concentrations of 0, 100, 200,
and 400 mM (Gulzar and Khan 2001, Gulzar ef a/. 2001)
and thiourea (10 mM), nitrate (20 mM), proline (0.1 mM),
betaine (0.1 mM), gibberellin (3 mM), kinetin (0.05 mM)
fusicoccin (5 pM) and ethephon (10 mM) were used.
Germination was tested in a programmed incubator
(Percival, Boone, USA) at (dark/light) temperature 20/30 °C
(the optimum for all species- studied) with a 12-h
photoperiod (Syivania cool white fluorescent lamps,
irradiance of 25 pmol m™ s™', 400-700 nm). Twenty five
seeds each were germinated in folded Whatman No.l filter
paper placed in 2.5 cm x 18 cm glass test tubes with 5 cm’
of test solution. The tubes were sealed using parafilm. Four
test tubes with 25 seeds each were used for each treatment.
A seed was considered to have germinated at the emergence
of the radicle (Bewley and Black 1994). Germination data
(after 20 d) were arcsine transformed and were analyzed
using SPSS, version 9.0. The differences among means were
examined using a three-way ANOVA and Bonferroni post-
hoc test was used to test for significant differences between
individual treatments.

Abbreviations: ABA - abscisic acid; DW - distilled water; FC - fusicoccin; GA; - gibberellic acid.
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Three way ANOVA of percentage germination
indicated significant (P < 0.05) main effects of species,
salinity, dormancy relieving compounds, and their
interactions. All 4. lagopoides seed germinated in non-
saline control and the germination decreased with the
increase in salinity and few seeds germinated at 400 mM
NaCl (Table 1). Inclusion of thiourea, proline, betaine,
kinetin and fusicoccin partially alleviated the effect of
salinity, whereas ethephon completely reversed the
inhibition caused by NaCl (Table 1). Nitrate and
gibberellic acid had no effect on germination (Table 1).

Seed germination of S. ioclados was poor in non-saline
control (28 %) and germination was substantially
inhibited with the increase in salinity (Table 2).
Gibberellic acid and ethephon partially reversed some
effect of salinity while all other chemicals had no effect
(Table 2). Seeds of U. setulosa showed a 100 %
germination in distilled water and germination
progressively decreases with the increase in salinity
(Table 3). Few seed germinated at 400 mM NaCl
Fusicoccin and GA; partially alleviated effects of salinity
on germination (Table 3).

Table 1. Effect of growth regulators (thiourea, nitrate, proline, betaine, giberellic acid, kinetin, fusicoccin and ethephon) on the
germination of Aeluropus lagopoides seeds in different salinity (0, 100, 200 and 400 mM NaCl) treatments. Different letters in
superscript represent significant (P < 0.05) differences between salinity treatments, Bonferroni test.

NaCl [mM] DW Thiourea  Nitrate Proline Betaine GA; Kinetin FC Ethephon

0 100 100 100 100 100 100 100 1060 100
100 94+4.76a 100+ 0a 97+191a 91+342a 81+£500a 92+490a 90+6.63a 100+0a  100+0a
200 59+870b 93+7.00a 66+757b 61+104b 33+£7.90b 70+622b 99+1.00a 82+ 11.5ab100:+0a
400 6+258 20+105b 12+849c 47+755b 6+2.58c 9+443c 30+10.6b 47+200b 94+3.46a

Table 2. Effect of growth regulators (thiourea, nitrate, proline, betaine, giberellic acid, kinetin, fusicoccin and .ethephon) on the
germination of Sporobolus ioclados seeds in different salinity (0, 100, 200 and 400 mM NaCl) treatments. Different letters in
superscript represent significant (P < 0.05) differences between salinity treatments, Bonferroni test.

NaCl {mM] DW Thiourea  Nitrate Proline Betaine GA; Kinetin FC Ethephon

0 28+123a 40+833a 36+130a 20+864a 8+163a 35x4.12a 28+106a 27+823a 35+10.1a
100 14+£4.16a 21+6.8lab 19+526a 8+163a 6+258a 28+432a 17+526a 4+1.63a 36:+4.32a
200 74+252a 7+191b 5+19la 3x191la 4%163a 21£6.6lab 11+£3.00a 2+1.152a 28+6.32a
400 2+1.15a 5+2352b 7+443a 1+£1.00a 0=£0a 542526 4x163a 0x0a 10+3.46a

Table 3. Effect of growth regulators (thiourea, nitrate, proline, betaine, giberellic acid, kinetin, fusicoccin and ethephon) on the
germination of Urochondra setulosa seeds in different salinity (0, 100, 200 and 400 mM NaCl) treatments. Different letters in
superscript represent significant (P < 0.05) differences between salinity treatments, Bonferroni test.

NaCl [mM] DW Thiourea  Nitrate Proline Betaine GA; Kinetin FC Ethephon

0 98 +£2.00a 95+5.00a 100+0a 100 + 0a 100 + 0a 100 £ 0a 100 + 0a 100 = 0a 100 £ 0a
100 69+ 17.16a 61+1237b 91x3.42a 69+342b 56+5.8% 87+7552 66+13.7b 77+9.00ab 94+ 6.00a
200 22+663b 10+258c 30:4.76b 24+748c 19+3.00c 45+3.00b 14+6.00c 55+823b 26+2.58b
400 3£1.00b 0+0c 1£1.00c 3+191c 2+200d 1+£100c 4+163c 7x19lc 4=*1.63c

Gibberellic acid had no effect on A. lagopoides but
alleviated effects of salinity on the germination of
S. ioclados and U. setulosa. Gibberellic acid was
ineffective in breaking the seed dormancy of some salt
marsh grass species (Amen et al. 1970, Khan and Ungar
2001ab) whereas, application of GA; had alleviated
salinity induced seed dormancy in Halopyrum
mucronatum (Khan and Ungar 200lc). Kinetin is
reported to alleviate salinity effect on the germination of
several grass halophytes (Khan and Ungar 2001abc),
however, not of Sporobolus arabicus (Khan and Ungar
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2001b). Kinetin was able to partially alleviate salinity
effects on the germination of A. lagopoides and had no
effect on the seeds of S. ioclados and U. setulosa. Proline
and betaine did not stimulate germination of any grass
seed studied. Both proline and betaine alleviated the
effects of low salinity and innate dormancy of
Zygophyllum simplex and Atriplex griffithi seeds but
neither was effective at high salinities (Khan and Ungar
1997, 2000).

Thiourea significantly alleviated the inhibitory effects
of salinity in the seeds of 4. lagopoides, while nitrate had



no effect. Thiourea could stimulate seed germination by
alleviating the negative effects of salinity on germination
(Esashi et al. 1979, Gul et al. 2000). The inhibitory effect
of salinity on H. mucronatum seeds was partially
alleviated by nitrate and thiourea (Khan and Ungar
200tc). Khan and Ungar (1997) determined that both
thiourea and nitrate significantly improved germination
of Z. simplex seeds at low salinities.

Seed dormancy enforced by salinity was partially
alleviated by FC in A. lagopoides and U. setulosa, and
this may be due to stimulation of ATPase production and
the ATPase rapidly increases during the early phases of
germination to facilitate proton extrusion and K* uptake
(Stout 1998). A stimulation of germination by FC in
various kinds of seeds has been observed (Ismail 1990,
Gul et al. 2000, Khan and Ungar 2000, 2001abc).
Application of ethephon relieves dormancy in seeds of
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