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ABSTRACT

	 KDML 105 is the famous fragrant rice of Thailand. 2AP acts as the characteristic compounds 
in fragrant-rice cultivars. 2AP accumulation has been reported in relationship with proline content 
and the growth rate of rice. Several factors have been reported to affect the poline and 2AP 
contents. We determined the combinatorial effect of gamma irradiation and salt concentration on 
the 2AP and proline contents of 5 day-old KDML 105 rice-seedling. In the growth condition under 
20 mM of NaCl concentration the proline content of gamma irradiated rice increased compared to 
the gamma irradiated rice treated without 20 mM of NaCl concentration. While, the shoot-length of  
5 day-old gamma irradiated rice-seedlings under 20mM NaCl concentration cannot be observed when 
compared to gamma irradiated rice-seedling without salt concentration. The 2AP content of gamma 
irradiated rice-seedlings under 20 mM of NaCl concentration had approximately 2.6 to 3.1 times 
higher than in the growth condition without salt concentration of gamma irradiated rice-seedlings.  
Our results indicate that the combination of gamma irradiation technique and salt concentration can 
be used for improving the 2AP content in rice. 
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INTRODUCTION 

	 The relationship between 2AP and proline 
contents of rice have been reported by many 

researchers. In the biosynthesis of 2AP, proline acts 
as the first precursory molecules1-3. The researchers 
have reported that the accumulation of proline  in 
rice may affect the accumulation of 2AP. Suprasanna  
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et al.,4 found that when proline in callus of Basmati 
rice increased , the 2AP content also increased. The 
2AP content also increased along with increasing 
of proline content in the callus and rice seedling of 
KDML105 rice5. Poonlaphdecha et al.,6 also reported 
the increase of 2AP accumulation in rice under salt 
treatment due to the increase of proline content. 
Moreover the 2AP content was related to the proline 
content when rice was treated with the reducing of 
solar intensity7. On the contrary, Sansenya et al.,8  
reported the 2AP accumulation in rice grain were not 
correlated with proline accumulation in rice grain of 
Thai local rice. 
	
	 In recent years, many researchers have 
reported the effect of salt concentration on the 2AP 
accumulation in rice. The increase of salinity may 
affect the increase of 2AP content in grain of aroma 
rice variety9. Poonlaphdecha et al.,6 reported that 
under salt treatment the increasing of 2AP content 
was obtained in rice grain but the salt concentration 
did not affect the other related compounds in the 
biochemical 2AP synthesis pathway such as GABA. 

	 Gamma irradiation is the technique useful 
for inducing mutation to biological compounds of 
plant10-15. In rice gamma irradiation has affected 
rice growth depending on gamma dose. Low 
gamma doses stimulated the rice growth, whereas 
at high gamma doses the inhibition of rice growth 
was observed14-16.Gamma irradiation also affects 
the biological compounds of rice. Hwang et al.,17 

found that the gamma irradiation caused some 
micronutrient content such as tocopherol in rice 
mutant line higher than in the control rice. Sansenya 
et al.,14 reported that the gamma irradiation 
affected the related biological compounds in 2AP 
biosynthesis pathway. According to the results, the 
gamma irradiation caused decrease of the GABA 
content, while the increasing of 2AP content was 
observed in Thai upland rice.  

	 In this study, we report the combined effect 
of salt concentration and gamma irradiation to the 
rice growth and the related biological compounds in 
2AP biosynthesis pathway such as proline and 2AP 
of KDML 105 rice. 

EXPERIMENTAL

Plant material and growth condition 
	 Seed of KDML 105 was obtained from 
the rice field in Roi-Et province, Thailand. The rice 
sample was sterilized with 0.1% NaClO and then 
washed with deionized water. The sterilized rice 
seeds was then roasted in hot air to decreased the 
moisture content to <13%.

	 For gamma irradiation, 100 g  were packed 
with polyethylene bag and then irradiated with the 
gamma ray intensity of 0 (control; without gamma 
irradiation), 20, 40, 60, 80, 100, 150, 300, and 500 Gy. 
We used 137Cs as the gamma source with the dose 
rate of 3 Gy/min at room temperature. The gamma 
irradiation was provided by Gamma Irradiation 
Service and Nuclear Technology Research Center, 
Faculty of Science, Kasetsart University, Thailand. 
	
Effect of germination time on proline content of 
non-gamma irradiated rice seedling
	 Fifty grams of non-gamma irradiated rice 
seeds were soaked in 100 mL of deionized water for 
24 h. The rice seeds germinated on the germinating 
paper moistened by deionized water. The germination 
experiment was incubated at ambient temperature 
with 0 (without germination time), 1, 2, 3, 4, and 5 days 
for germination time, and during seed germination 
the experiments were sprayed with deionized water 
every 12 h. The germination seeds were harvested 
at the end of germination time at 0 h, 24 h (1 day), 
48 h (2 days), 72 h (3 days), 96 h (4 days) and 120 h 
(5 days). Then the samples were kept at -20oC until 
proline quantified.  

Effect of salt concentration on proline content and 
growth of non-gamma irradiated rice-seedlings 
(5 days old)
	 Fifty grams of non-gamma irradiated 
rice-seed were soaked in 100mL-salt solution 
of  0 (without NaCl concentration), 20, 40 ,60, 80 
and 100mM of NaCl concentration for 24 h. The 
germination experiments were provided at the 
germination time that produced highest proline 
content (5 days). During of duration germination, 
the germination experiments were sprayed with salt 
solution of the same concentration as a soaking 
solution for every 12 h until 5 days. Next, sample 
processing was the same as experiment above.
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Effects of gamma irradiation and salt concentration 
on 2AP content, proline content of rice seedling 
(5 days old)
	 For the experiment without salt condition, 
the non-gamma irradiated rice-seed and gamma 
irradiated rice-seed were soaked in100 mL of 
deionized water for 24 h. Then, the germination 
experiments were sprayed with deionized water for 
every 12 h until 5 days. 

	 For the experiment with salt condition, 
the non-gamma irradiated rice seed and gamma 
irradiated rice-seed were soaked in 20 mM salt 
solution for 24 h. Then, the germination experiments 
were sprayed with 20 mM salt solution for every 12 
h until 5 days. 

	 The rice-seedlings (5 days old) in both 
experiments were harvested and kept at -20oC until 
2AP and proline quantified.

Effects of gamma irradiation and salt concentration 
on plant growth of rice-seedlings (5 days old)
	 For effect of salt concentration on plant 
growth. One hundred of non-gamma irradiated 
rice-seeds were soaked in salt solution including 
0 (without NaCl concentration), 20, 40 ,60, 80 and 
100mM  for 24 h. The germination experiments 
were carried out at the ambient temperature and 
sprayed with salt at the same concentration as 
soaking solution for every 12 h until 5 days. The rice 
seedlings at 5 days old were harvested and the rice 
shoot-lengths were measured. 

	 For the effect of gamma irradiation on 
plant growth one hundred of non-gamma irradiated 
rice-seeds and gamma irradiated rice-seeds were 
soaked in deionized water for 24 h. During duration 
germination, the experiment were sprayed with 
deionized water every 12 h until 5 days. Then, the 
rice-seedlings (5 days old) were harvested and the 
rice-shoot lengths were measured.

	 For effect of gamma irradiation and salt 
concentration on plant growth one hundred of non-
gamma irradiated rice-seeds and gamma irradiated 
rice-seeds were soaked in salt solution (20 mM NaCl) 
for 24 hour. During duration germination, germinated 
rice were sprayed with 20mM NaCl solution for 5 days. 
Finally, the rice-seedlings (5 days old) were harvested 
and the rice shoot-lengths were measured.

Proline quantification 
	 Proline content of germinated rice was 
determined by the method of Sansenya et al.,8. 
Rice samples of germinated rice-seeds were 
homogenized with CryoMill (Retch, Germany) by 
using liquid nitrogen. For proline determination,  
0.3 g of homogenized rice samples were extracted 
with 3% sulfosalicylic acid and before proline reaction 
the extraction solution were filtered with Syringe Filter 
(0.45 mm). The filtered solution for proline reaction 
was mixed with 3 mL of ninhydrin solution and 2 mL 
of glacial acetic acid, then the mixed reaction solution 
were boiled for 20 min After boiling, the reaction solution 
were extracted with 4 mL of toluene. Next, the extracted 
solution was spectrophotometric at 520 nm. The 
proline concentration was calculated with the standard  
curve of  proline: y = 0.413x-0.014 (R2 = 0.999).

2AP quantification 
	 The 2AP content of rice samples were 
determined by the modified method of Sansenya 
et al.,8. The homogenized rice samples for 2AP 
quantification was provided in the same way as 
in experiment for proline quantification. An agilent  
GC-MS (Agilent 7890A GC-7000 Mass Triple Quad) 
was used for the analysis. A 4 μL portion of the 
extract was injected into a DB-Wax (60 m × 0.25 mm 
i.d. × 0.25 μm film thickness) fused silica capillary 
column (J&W Scientific, Folsom, CA). The injector 
was set at 240°C, and split mode was applied with a 
split ratio of 5:1. Helium gas was used as the carrier 
gas with a constant flow rate of 1.5 mL/min. The 
column oven was operated via temperature program:  
column temperature was isothermally maintained at 
40°C for 2 min programmed at a rate of 10°C/min to 
100°C, then at a rate of 5°C/min to 150°C and then at 
a rate of 30°C/min to 250°C; the column temperature 
was then maintained isothermally at 250°C for  
15 min. The mass spectrometer was used in the 
electron ionization mode. The ion source temperature 
was set at 230°C and ionization energy was set at 
70 eV. Multi reaction monitoring (MRM) mode was 
set up to analyze 2AP. The precursor ion m/z 111 
and the product ion m/z 83 were selected for 2AP 
with collision energy of 5 v. The mass spectrometer 
detection dwell time was 30 ms. Under these 
conditions the retention times of 2AP were found to 
be 18.92 min. Quantification of 2AP was performed 
by measuring the area of ions at m/z  83, and the 
amounts of 2AP were calculated from its calibration 
curve,  y = 19.68x-7.56, (R2 = 0.997).
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Statistic analysis 
	 All the samples were expressed as 
the means ± standard deviation (means ± SD). 
The statistical significance of differences among 
experimental groups was evaluated by one-way 
analysis of variance (ANOVA). When the ANOVA 
revealed significant between-group differences a 
post hoc analysis was performed using Duncan’s 
multiple-range test comparisons. The significance 
level was set at P < 0.05.

RESULTS AND DISCUSSION 

Effect of salt concentration on proline content 
and growth of 5-day-old rice-seedling
	 Our results show that the prol ine 
accumulation of rice was determined during duration 
of rice germination. The significant increase of 
proline content was observed at 1 day of duration 
germination compared with non-germinated rice  
(0 day). The proline content still increased  after 1 day 
to 5 days during duration of germination (Table 1). 
In duration of seed germination the soluble protein 
is degraded to the free amino acid by proteolytic 
enzyme18. The proline is one of amino acid that is 
related to plant growth and plant differentiation19. 
Our results were also performed according to the 
previous report, the proline content of 5-day-old 
rice-seedlings was 9.5 times compared to that of 
non-germinated rice seed (0 day).  

concentration) (Fig. 1). The highest proline content 
of 5 days old rice-seedlings was observed at  
20 mM NaCl concentration and approximately  
2 times compared to 5 days old rice seedling without 
salt concentration (0mM NaCl concentration). The 
significant decreasing of proline content was observed 
when rice was treated with high salt-concentration and 
approximately 3.4 times decreasing, compared with 
highest proline content of 5-day-old rice-seedlings 
treated with 20mM salt concentration. 

Table 1: The increasing of proline content during 
duration of rice germination

          Germination time(days)	 Proline content (mg/g)

                             0	 3.03 ± 0.06f
                             1	 10.04 ± 0.44e
                             2	 11.85 ± 0.42d
                             3	 13.70 ± 0.29c
                             4	 20.89 ± 0.63b
                             5	 28.88 ± 0.19a

Note. ± indicates the standard deviation from means (n=3) . The same 
letter indicates no significant difference (Dancan, p>0.05)

	 Many researchers repor ted that the 
proline was one of the amino acids that respond 
to the environmental stress such as salt stress, 
dough stress and radiation stress20-26. Our result 
shows the correlation of proline accumulation and 
plant growth of 5 days old rice-seedlings under salt 
condition. Rice-seedlings (5 days old) under salt 
condition reveal that the proline content increased 
at low salt-concentrations (20 and 40mM NaCl 

Fig.1. The correlation between proline content (A) and rice 
shoot-length (B) of rice seedlings (5 days old) under salt 
treatment. The error bar indicates  the standard deviation 

of means (n = 3 for proline content and n = 6 for rice shoot-
length ). The same letter indicates no significant difference 

(Dancan, p>0.05)

(a)

(b)

	 The correlation of proline content and 
rice-shoot-lengths of 5 days old rice-seedlings 
was found in all salt conditions. The increasing of 
rice shoot-lengths was observed when the proline 
content increased. While, the low concentration 
of proline content was obtained from shorter rice 
shoot-lengths. Moreover the results show that we 
may obtain highest proline content and highest rice 
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shoot-lengths from low salt-concentrations (20mM 
salt concentration). The rice shoot-lengths and proline 
content were decreased after rice was treated with 
high salt-concentrations (Fig. 1 and 2). This results 
agree with Kibria27 the proline content significantly 
increased in BRRI dhan28 rice cultivar under low salt 
concentration (20 and 40 mM salt concentration), 
while at above 60mM salt concentration it caused 
decrease in the proline content of rice. For other rice 
cultivars the high salt concentration caused increasing 
the proline content of rice such as BRRI dhan47 
Binadhan-8 and Binadhan-1027. Our result and other 
report indicate that in different rice cultivars the level of 
salt tolerance might be different and the maintenance 
of proline content should also be different. 

in both conditions were obtained from 20 Gy for 
highest proline content and 500 Gy for lowest proline 
content respectively. The trend of proline content of 
gamma irradiated rice-seedlings with 20mM NaCl 
had higher proline content of gamma irradiated  
rice-seedlings than in case of without 20mM NaCl of 
all gamma dose. Gamma ray also affects the shoot 
length of rice-seedlings in  rice seedlings. Compared 
with the control, the gamma irradiated rice-seedlings 
treated without 20mM NaCl concentration at  
20 Gy to 150 Gy showed significant differences in 
their shoot lengths. The highest shoot lengths were 
observed at 20Gy gamma dose (Fig. 3 B; gay bar 
and Fig. 4). While, their shoot lengths were lower  
in the 300 Gy and 500 Gy gamma irradiated rice-
seedlings than in the control rice (Fig. 3 B; gray bar 
and Fig. 4). Interestingly, for the gamma irradiated 
rice-seeds treated with 20mM NaCl concentration, 
the germination can be observed in duration of  
3 days, but the transformation from germinated rice-
seeds to rice-seedlings cannot be observed in case 
of gamma irradiation at 20 Gy to 500 Gy with respect 
to the control set (Fig. 3 B; dark gay bar and Fig. 
5).  The stimulation via low gamma-irradiation dose 
under salt condition to increased  proline content of 
rice-seedlings in rice seedlings of our results are 
similar to the study of El-Beltagi et al.,24 who found 
that all salt concentrations under 50Gy gamma 
dose induced the proline content in the shoots 
of Cowpea plants. Many reports show that salt 
condition affects the proline level in plants cell22,33,34. 
In general, proline has many behaviors during salt 
stress such as accumulation of energy reservoir, 
nitrogen source, water storage, pH stability in the cell 
and hydroxyl radical scavenging19,22,26,35-37. Gamma 
rays may also induce the proline content under low 
gamma dose described by Al-Enezi and Al-Khayri38. 
Gamma irradiation produces the radical having 
many effects on plant cells. The increase of proline 
content of gamma irradiated rice-seedlings under 
salt condition compared to the gamma irradiated 
rice seedlings treated without salt concentration may 
affect plant growth under combination stress (Fig. 
3A). At low gamma doses (20 Gy to 150 Gy) the 
shoot lengths of 5 days old rice-seedlings are higher 
than those of control rice (Fig. 3B gray bar). However, 
high gamma doses (300Gy to 500 Gy) seem to 
inhibit the plant growth of 5 days old rice seedlings  
(Fig. 3B; gray bar and Fig. 4). Many researchers 
have been reported the stimulation of plant growth 
by low doses of gamma-irradiation. Chandrashekar   
et al.,23 reported the higher shoot lengths of 
Terminalia arjuna Roxb than the control set 
under low doses of gamma-irradiation. Sansenya  
et al.,15 also reported the stimulation of low gamma 

Fig.  2.  Effect of  salt concentration (20, 40, 60, 80 and 
100mM NaCl) on  rice shoot-lengths of rice-seedlings  

(5 days old). The 5 days old rice seedlings show increase 
of rice shoot-length under 20mM NaCl concentration 
compared to rice shoot-lengths of control rice and   

40 to 100 mM NaCl concentration

Effect of salt concentration on the proline content and 
growth of 5 days old gamma irradiated rice-seedlings
	 Gamma ray has an effect on living cells 
of organism depending on the gamma dose28. The 
gamma ray has generated free radical and this 
induced mutation in plant cells29-32. We determined 
the effect of gamma irradiation on the proline content 
and the plant growth of 5 days old rice seedlings with 
and without salt concentration (20mM NaCl). Proline 
content of gamma irradiated rice-seedlings with and 
without 20 mM NaCl increased after treating with 
40 and 60 Gy with respect to 0 Gy. At high gamma 
doses (80 to 500 Gy) the proline content decreased 
continuously in both conditions (with and without 
20mM NaCl concentration) (Fig. 3A). The largest 
decrease of proline content of gamma irradiated rice 
seedlings were observed in case of without 20mM 
NaCl, whereas the slight decrease of proline content 
was observed in gamma irradiated rice-seedlings 
treated with 20 mM NaCl.  The highest and the lowest 
proline contents of gamma irradiated rice-seedlings 
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irradiation doses on shoot lengths of Thai black 
glutinous rice. Moreover, under combination stress 
(salt concentration and gamma irradiation) it inhibited 
plant growth of 5 days old rice seedling of all gamma 
doses with respect to the control rice (Fig. 3B dark 
gray bar and Fig. 5). Previous researchers also 
reported the inhibition of growth of gamma irradiated 
plants under salt condition. The shoot lengths of  
gamma irradiated Tarrom Hashemi (Oryza sativa 
L.) had decreased under salt condition. More, the 
decreasing of germination percentage were also 
observed in gamma irradiated rice-seeds under 
salt condition (Tarrom Hashemi)21. The inhibition 
of growth of gamma irradiated plants under salt 
condition may cause many damages in the genome 
of plant39. Moreover, while plant growth under salt 
condition had effect on the loss of water content from 
plant and inducing toxicity in the plant cell may cause 
inhibition of the growth rate of plant40.

(a)

(b)

Fig. 3. The correlation between proline content and rice 
growth of gamma irradiation rice-seedling  (5 days old) under 

salt concentration. A and B indicate the proline content 
and rice shoot-length of gamma irradiation rice-seedlings 

respectively. The gray bar indicates gamma irradiation rice-
seedlings treated without salt concentration, while the dark 
gray bar indicates gamma irradiation rice-seedlings treated 
with 20mM salt concentration. The error bar indicates the 

standard deviation of means (n = 3 for proline concentration 
and n = 6  for rice shoot-length)

Fig. 4. Effect of gamma irradiation (20, 40, 60, 80, 100, 150, 
300 and 500 Gy) on  rice shoot-lengths of rice-seedlings (5 
days old).  0 Gy means treating with no gamma irradiation

Fig. 5. The combination effect of gamma irradiation (20, 40, 
60, 80, 100, 150, 300 and 500 Gy)  and salt concentration 
(20mM NaCl) on  rice shoot-lengths of rice-seedlings (5 
days old). 0 Gy mean treating with no gamma irradiation

Effect of salt concentration on 2AP content of  5 
days old gamma irradiated rice seedlings
	 2AP is the aroma compounds that acts as 
a characteristic compound for fragrant rice2,8,41,42.  
This compound is synthesized via L-proline 
metabolism and is associated with inactive betiane 
aldehyde dehydrogenase (Badh2)2. The level of 
2AP accumulation in rice may be caused by several 
environmental factors such as salt stress, dough 
stress, reducing of solar intensity and gamma 
irradiation6,7,14,15,43. Our results show that the gamma 
irradiation affects increasing of 2AP content of 5 days 
old rice seedlings of all gamma dose compared with 
control rice (Fig. 6 gray bar). The 2AP content of 
gamma-irradiated rice increases when gamma dose 
increases (20 Gy to 300 Gy), whereas at 500 Gy the 
2AP content of gamma irradiated rice decreased 
with respect to other gamma doses (20 Gy to 300 
Gy) (Fig. 6 gray bar). We have determined the effect 
of salt concentration on 2AP content of 5 days old 
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gamma irradiated rice-seedling. The 2AP content of  
non-gamma-irradiated rice (0 Gy) that grew under 
20mM NaCl concentration had 6.7-fold higher than 
in case of non-gamma-irradiated rice (0 Gy) treated 
without 20mM NaCl concentration (Fig. 6). While 
other 5 days old rice seedlings treated with 20Gy 
to 500Gy with 20mM NaCl concentration also had 
2AP content approximately 2.6 to 3.1-times higher 
than in case of gamma irradiated rice seedling 
without 20mM NaCl concentration. Moreover the 
2AP content of 5 days old rice seedlings treated 
with gamma irradiation and with 20mM NaCl 
concentration gradually increased at 20 Gy to 80 Gy, 
whereas the 2AP content continuously decreased 
at 100 Gy to 500 Gy compared to control rice 
(Fig. 6 dark gray bar). Salt and gamma irradiation 
condition have been regarded as factors that 
affect the 2AP accumulation in rice. The increase 
of 2AP content under salt concentration has been 
reported by Poonlaphdecha et al.,6 and Yoshihashi 
et al.,43. The gamma irradiation also affected the 
increasing of the 2AP content in germinated rice 
and gamma irradiated rice-seeds14,15. Proline is the 
precursor for 2AP synthesis metabolism, under 

salt condition it has been reported to stimulate the 
proline content in rice. Increases of proline content 
in gamma irradiated rice were also reported21.   
Fig. 3A of our result also shows that the proline 
content of gamma irradiated rice-seedlings with 
20mM salt concentration condition has increased 
with respect to controlled rice. The increase of proline 
content under combination factors might explain the 
increasing of 2AP content of gamma-irradiated rice 
under 20mM NaCl concentration. 

CONCLUSION 

	 Poline content of KDML 105 rice gradually 
increased from 1 to 5 days compared to non-
germinated rice during germination. The proline 
content and the shoot-length of 5 days old rice-
seedlings had highest value for 20mM NaCl 
concentration, whereas high salt concentration 
seemed to inhibit proline content and rice shoot-
length. The proline content of 5 days old gamma 
irradiated rice-seedlings under 20mM NaCl 
concentration  had higher value than that of gamma-
irradiated rice treated without salt concentration. Salt 
concentration has inhibited the rice shoot-lengths 
of gamma-irradiated rice compared to the gamma-
irradiated rice growth in the condition of without salt 
concentration. In growth condition with 20mM NaCl 
concentration, the gamma irradiated rice-seedling 
had the 2AP content higher than in case of no salt 
concentration.
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while the dark gray bar indicates gamma irradiated rice-
seedlings treated with 20mM salt concentration. The error bar 
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