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Abstract 
 Effects of GA and Kn on seed germination and accumulation of Na+ and K+ in the seedlings of Triticale 
cultivar was investigated under salinity stress. Salinity decreased the rate of seed germination and ion 
accumulation in the seedlings but both GA and Kn stimulated these processes under stress. Salinity increased 
the accumulation of Na+ in radicles and plumules with concomitant inhibition of that of K+, GA and Kn, on 
the other hand, reduced the rate of Na+ accumulation and increased that of K+ in the seedlings. The 
interrelationship between the effect of salinity and growth regulators on seed germination and the 
accumulation of Na+ and K+ in the seedlings is discussed. 
 
Introduction 
 Seedlings are the most vulnerable stage in the life cycle of plants and germination determines 
when and where seedling growth begins (Lianes et  al. 2005). Salinity, in general, has inhibitory 
effects on germination of seeds (Kaymakanova 2009, Zhang et al. 2010, Abari et al. 2011, 
Akbarimoghaddam et al. 2011, Kaveh et al. 2011). Earlier, it was also reported that salinity 
decreased germination of seeds of barley, wheat and rice (Kumar et al. 1988, Begum et al. 1992, 
Babu and Kumar 1975 and Queiroz and Nakagawa 1992). 
 Phytohormones like gibberellic acid and Kn were reported to overcome the inhibitory effect 
of salinity on germination. A combination of 3% NaCl and 50 ppm Kn increased the germination 
by 100 per cent as compared to that of control whereas 3.5% soil salt concentration along with 50 
ppm Kn reduced the germination in wheat (Babu and Kumar 1975). Gibberellic acid and Kn 
increased the rate of germination of barley and lettuce seeds under salt-stress treatment (Kabar 
1989, Kabar and Baltepe 1989). Phytohormone, in general, was found to regulate the transport of 
ions in plants (Karmoker 1984). Hence, phytohormone-induced alleviation of the inhibitory effect 
of salinity may be due to the phytohormone-induced changes in ionic balance in seedlings. The 
delay in germination is mainly due to higher Na+ accumulation in the seeds of wheat (Begum et al. 
1992, Akbarimoghaddam et al. 2011). Triticale cultivar was used as plant material because the 
report on the effect of salinity on germination of seeds of Triticale is rare. Triticale (X 
Triticosecale Wittmack, hexaploid chromosome) is the first successful man-made crop which is a 
close relative of wheat.  
 The effect of GA and Kn on seed germination and accumulation of Na+ and K+ in the 
developing seedlings under salinity stress is reported.  
 
Materials and Methods 
 The seeds of Triticale (Triticosecale Wittmack) were obtained through the courtesy of 
Bangladesh Agriculture Research Institute, Gazipur.  
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 Methods of germination of seeds: The seeds were surface sterilized in 5.25% sodium 
hypochlorite solution for two minutes. Seeds were then rinsed seven times in tap water followed 
by washing four times in distilled water. The sterilized seeds dipped in distilled water were aerated 
for 30 minutes with an air compressor. Thirty such seeds were placed on Whatman filter paper 
No.1 contained in a Petri dish (11 cm diam.). Three replicates were used for each treatment. Filter 
paper was soaked with 6 ml of NaCl solution at concentrations of  25, 50, 100, 200, 300 and 400 
mM each prepared in 0.1 mM CaSO4 ± selected concentration of  GA and Kn and the Petri dish 
was covered. 
 In case of  control, the filter paper was soaked with 6 ml of 0.1 mM CaSO4. The seeds were 
allowed to germinate in the dark at 28oC ±1oC/22oC ±1oC day/night temperature. However, 3 ml 
of test solution was added after 72 h from the time of sowing. Seeds were considered to be 
germinated when radicles and plumules could be clearly distinguished. Seed germination activity 
was recorded at 48, 72 and 96 hrs from the time of sowing. 
 Extraction and analysis of Na+ and K+ in radicles and plumules: Radicles and plumules were 
separated from cotyledons at 48, 72 and 96 hrs from the date of sowing. Each set of radicles or 
plumules was washed in two changes of 0.1mM CaSO4 contained in a small beaker (50 ml each) 
for two minutes to remove free space ions and were dried in an oven (Memmert, M-3132, 
Germany) at 75oC for 72 hrs to a constant weight. Na+ and K+ were extracted by hot water 
following Karmoker and Van Steveninck (1978). After necessary dilution Na+ and K+ in the 
extract was measured using a flame photometer (Jenway PEP-7, UK) at a wavelength of 767 and 
589 nm, respectively. 
 
Results and Discussion 
 Effects of GA and Kn on seed germination under salinity stress:  Different concentrations of 
NaCl  (100 - 400 mM) caused an inhibition of the rate of germination in Triticale. There was a 
progressive rate of inhibition of seed germination with the rise of salinization of seeds (Fig. 1). 
Similar salinity-induced decrease in germination was found in wheat (Begum et al. 1992), Acacia 
sp. (Abari et al. 2011) and in tomato lines (Kaveh et  al. 2011).  
 
 Application of GA (10–6 M) under salinity stress due to 100 mM NaCl  alleviated the 
inhibitory effect of salinity leading to an increase in the rate of germination (Fig. 2). GA (10–6 M) 
increased the rate of germination by 24 - 13% from 48 - 96 hrs of treatment even under 200 mM 
NaCl stress (Fig. 2). Similarly, interaction of NaCl-salinity (100 and 200 mM) and Kn (10–5 M) 
nullified the inhibitory effect of salinity on germination at 48 and 96 hrs of treatment (Fig. 3). 
Igbinnosa and Okonkwo (1992) found that interaction of sodium hypochlorite and Kn stimulated 
germination of cowpea witchweed (Striga gesnerioides). 
 The combined effect of gibberellic  acid (10–6 M) and Kn (10-5 M) was stimulatory at both 100 
and 200 mM NaCl stress on seed germination. At 200 mM  salinity stress, GA and Kn 
significantly increased  the rate of germination by 61% at 48 hrs of treatment and the stimulatory 
effect was sustained up to 96 hrs of treatment (Fig. 4). Kabar (1989) observed that under NaCl-
salinity stress, GA and Kn applied together increased the percentage of seed germination of 
lettuce.  
 Effects of GA/Kn on Na+ and K+

 accumulation in seedlings under salinity stress: NaCl-
salinity increased the accumulation of Na+ in radicles and plumules while it decreased that of K+ 
(Table 1). This result is supported by Akbarimoghaddam et al. (2011) who found that salinity 
increased the accumulation of Na+ and decreased that of K+ in wheat. Similar increase in Na+ and 
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decrease in K+ content following salinity treatment was found in germinating cotton seeds 
(Chachar et al. 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Effects of NaCl salinity stress on germi-

nation of seeds of Triticale. Each value is the 
mean of three replicates. Bars represent ± 
standard error of the mean value. 

 Fig. 2. Interaction of salinity and 10-6 M GA on 
germination of seeds of Triticale. ● represents 100 
mM NaCl (control), ○ represents 100 mM NaCl + 
10-6 M GA, ▲ represents 200 mM NaCl (control), 
∆ represents 200 mM NaCl + 10-6 M GA. 
Otherwise as Fig. 1. 

 Interaction of 100 mM NaCl and GA nullified the stimulatory effect of salinity on Na+ 
accumulation in radicles and plumules whereas it increased that of K+ by 37% at 48 hrs of 
treatment (Table 2). On the other hand, 200 mM NaCl-salinity and GA decreased the 
accumulation of Na+ but increased that of K+ in the radicles and plumules at 72 and 96 hrs of 
treatment (Table 2). Stimulatory effect of GA (10–4 M) on K+ transport in excised cotyledons of 
cucumber was reported  (Ezekiel et al. 1978).  
 Application of NaCl along with Kn negated the stimulatory effect of salinity on Na+ 
accumulation in radicles and plumules and the  inhibitory effect of that on K+ accumulation (Table 
3). Much earlier, it was reported that Kn prevented net accumulation of Na+ in beet root tissue 
(Van Steveninck 1972). 
 When salinity (100 and 200 mM), GA and Kn were applied together, the stimulatory effect of 
NaCl-stress on Na+ accumulation was leveled leading to a decrease while inhibitory effect of 
salinity on K+ accumulation was nullified leading to an increase of that in radicles and plumules of 
seedlings of Triticale (Table 4). Similarly, Kabar (1989) observed that NaCl-salinity stress, GA 
and Kn together increased the percentage of germination in lettuce seeds.  
 Accumulation of excessive amount of Na+ in radicles and plumules  (Table 1) in germinating 
seeds may be responsible for the inhibition of germination (Fig. 1). Furthermore, decrease in the 
endogenous K+ content in the radicles and plumules  (Table 1) would have adverse effect on the 
growth of embryo leading to a further inhibition of the rate of germination (Fig. 1). 
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 Stimulation of germination by GA (Fig. 2) might be due to GA-induced inhibition of Na+ 
accumulation with a concomitant increase in K+ accumulation in radicles and plumules of Triticale 
(Table 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 
 
Fig. 3. Interaction of salinity and 10-5 M Kn on 

germination of seeds of Triticale. ● repre-
sents 100 mM NaCl (control), ○ represents 
100 mM NaCl + 10-5 M Kn, ▲ represents 
200 mM NaCl  (control), ∆ represents 200 
mM NaCl + 10-5 M Kn. Otherwise as Fig. 1. 

 Fig. 4. Combined effect of 10-6 M GA and 10-5 M Kn 
on germination of seeds of Triticale under salinity 
stress. ● represents 100 mM NaCl (control), ○ 
represents 100 mM  NaCl + 10-6 M GA + 10-5 M 
Kn, ▲ represents 200 mM NaCl (control), ∆ 
represents 200 mM NaCl + 10-6 M GA + 10-5 M 
Kn. Otherwise as Fig.1 

 In conclusion, inhibition  of germination by salinity might be due to the salinity-induced 
increase in accumulation of Na+ with concomitant inhibition of that of K+ in the radicles and 
plumules of germinating embryo of Triticale. The nullification of an inhibitory effect of salinity on 
germination leading to a stimulation  of that following interaction of GA and Kn might be due to 
GA- and Kn-induced decrease in Na+ accumulation with concomitant increase in the uptake of 
extruded K+ in germinating embryo of Triticale.  
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