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The highest-priced aromatic Hom Mali rice is grown on saline soil in Northeast Thailand. The
rice variety Khao Dawk Mali 105 (KDML 105), the main variety grown to produce Hom Mali
rice was evaluated for yield, the aromatic compound 2-acetyl-1-pyrroline (2 AP) and softness
texture at different levels of sodium chloride (NaCl) salt added to the soil. The rice was grown in
wetland culture pots with soil made saline by adding 0 g NaCl/kg, 1.16 g NaCl/kg, 1.74 g NaCl/kg,
2.31 g NaCl/kg and 2.89 g NaCl/kg soil which had electrical conductivity (EC) values of 0.13 mS/cm,
0.62 mS/cm, 0.74 mS/cm, 0.95 mS/cm and 1.16 mS/cm, respectively. The addition of salt had
different effects on the rice grain yield, yield component and aromatic compound, but did not affect
the softness texture. Adding salt into the soil depressed the grain yield on average by 36.3% for all
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applications. The adverse effect of salt on the yield was correlated with the effect on the 1,000 grain

weight (correlation coefficient (r) = -0.94, p < 0.05). The lowest level of salt application at 1.16 g
NaCl /kg soil significantly raised the level of 2 AP, but not at the higher rates of salt application.
Soil salinity did not affect the quality of grain softness texture at any application rate. These results
suggested that while salinity may invariably depress the rice yield, at a certain level it may improve
the grain quality by increasing the concentration of the main aromatic compound without impacting
the softness texture. This needs to be confirmed using field trials in naturally occurring saline soils.

Introduction region, or around 4.9 million hectares (Division of Mineral Resources

Conservation and Management, 2015).

Soil salinity is a major problem in global crop production as
salt affected soils are reported to occupy about 20% of the world’s
cultivated land (Wu and Cheng, 2014) and 33% of the irrigated area
(Jamil et al., 2011). Most of the affected areas are in the Africa and
Asia, with 320 million ha of arable land in South and Southeast Asia
facing salinity problems (Igbal et al., 2010). In Thailand, soil salinity
is widespread in the Northeast, affecting an estimated 29% of the
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Rice is the major staple food crop in Asia, but its production has
been limited by the extent of soil salinity in this region because rice
is highly sensitive compared to other crops (Kao, 2018). Moderately
saline soil with an electrical conductivity (EC) of 0.69 mS/cm
when saturated has been reported to reduce grain yield by up to 50%
(Van Genuchten and Gupta, 1993). Thailand is the world’s leading
rice exporting country, with a quarter of the global market share in the
mid 2010 period (Office of Agricultural Economics, 2013). Thai Hom
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Mali or Thai jasmine rice, grown mainly from the cultivar KDML105,
accounts for 37% of the wet season crop area and 29% of production
(Office of Agricultural Economics, 2018). Most of Thailand’s Hom
Mali rice is grown in the Northeast, where soil salinity is widespread
(Wongsomsak, 1986). The premium grade of Hom Mali rice is
associated with saline soils, with the geographical indications (GI)
designated Thung Kula Rong-Hai Thai Hom Mali Rice described as
rice grown from the varieties KDML105 and RD15 on saline soils in
a specific area in Northeast Thailand (Ngokkuen and Grote, 2012).
The farmers who have been certified as producers of the GI rice
have been identified in districts in northeastern provinces where soil
salinity is prevalent (Ngokkuen and Grote, 2012). To date, there has
been limited information on the effect of saline soil, particularly on
the aromatic compound in rice. A study of three aromatic rice varieties
in the temperate environment of the Camargue in France showed that
soil salinity increased the concentration of the aromatic compound
(2AP), while depressing yield (Gay et al., 2010). The Thai aromatic
variety KDML105 is described in its release documents as tolerant
to soil salinity (Bureau of Rice Research and Development, 2018).
To the best if the current authors’ knowledge, there is no definitive
information on how its yield and aroma are affected by salinity.
Therefore, this study aimed to determine the impact of the level of soil
salinity on the grain yield, aromatic compound and softness texture of
the rice variety KDML 105. This would be useful information for the
management of premium grade rice quality production of Thai Hom
Mali rice to improve the aroma and minimize yield lose.

Materials and Methods
Plants culture

A pot experiment was conducted at Kalasin University, Kalasin
province, Thailand in the wet season from July to December 2017.
The experiment was arranged in a completely randomized design with
four independent replications. The seed of KDML 105 was obtained
from the Kalasin Rice Seed Center, Kalasin province, Thailand.
The soil series of Si Thon (coarse-loamy) was used in this experiment.
Five different levels of soil salinity were tested by applying salt at
0 g NaCl/kg soil, 1.16 g NaCl/kg soil, 1.74 g NaCl/kg soil, 2.31 g NaCl/kg
soil and 2.89 g NaCl/kg soil. At 2 wk after soil had been incubated in
the pot, the EC was measured using a portable EC meter (model EZ-1,
China) in each salt application to determine the soil salinity class after
one week of soil incubation (Wolf, 1999). Seedlings aged 2 wk were
transferred into the prepared 5 L plastic pots containing 9.5 kg of soil
(9% moisture content), with two plants per pot. The water level in each
pot was maintained at 2—5 cm above the soil surface until harvest.
At 10 d after transplanting, N and K fertilizer were applied at
16.50 mg/kg soil and 12.67 mg/kg soil, respectively. At 22 d after
transplanting, 11.71 mg N/kg soil was applied. Finally, N P and K at
3.82 mg/kg soil, 1.67 mg/kg soil and 3.17 mg/kg soil, respectively,
were applied at 57 d after transplanting. At maturity, the yield and
yield components were evaluated consisting of tillers per hill, panicles
per hill, number of seeds per panicle and 1,000 seed weight. Seeds

samples were kept in the cold room at 18°C before being subjected to
chemical analysis.

Aromatic compound and alkaline spreading value analysis

About 10 g of each paddy rice sample was de-husked to yield
brown rice grain. A key aroma compound, 2-acetyl-1-pyrroline (2AP),
was evaluated based on the fresh extract of uncooked brown rice using
capillary gas chromatography-mass spectrometry as in the published
method of Mahatheeranont (2001).

The alkali spreading value was tested following the protocol of
the National Bureau of Agricultural Commodity and Food Standards
(2018) with a small adjustment for brown rice. Twenty brown rice
grains from each saline treatment and replicate were placed into Petri
dishes, 30 mL of 1.7% KOH solution was added and left at room
temperature. Four brown rice grains of KDML105 (low gelatinization
temperature) and RD4 (high gelatinization temperature) were used
as checks for the precision and accuracy of the method. The degree
of spreading was assessed at 25 hr, using a seven-point integer scale,
where a lower score indicated a higher gelatinization temperature and
vice versa for a higher score.

Data analysis

Data were analyzed using one-way analysis of variance. The
differences among treatment means were compared using least
significant difference at p < 0.05. Correlations between datasets were
determined using coefficient correlation analysis.

Results

The EC of the incubated soil increased linearly with an increasing
rate of the salt added (Table 1). Based on the EC (Wolf, 1999),
the soil in the experiment was non-saline without added salt,
slightly saline with 1.16 and 1.74 g NaCl/kg soil, moderately saline
with 2.31 g NaCl/kg soil, and strongly saline with 2.89 g NaCl/kg soil
with EC values of 0.13 mS/cm, 0.62 mS/cm, 0.74 mS/cm, 0.95 mS/cm
and 1.16 mS/cm, respectively.

Adding salt to the soil depressed the rice grain yield and 1,000 seed
weight, but there was no effect on the plant height, number of tillers
per hill, number of panicles per hill and number of seeds per panicle
as shown in Table 2. The yield was depressed on average by 36.3%
when salt was applied at all rates compared with no salt application.
Similar to the grain yield, the 1,000 seed weight was reduced by 8.4%
when salt was added at all rates compared to the control treatment.
The effect of increasing salinity on yield depression was evident
in the significant, negative, linear relationship between electrical
conductivity and yield (correlation coefficient (r) = -0.94) and
between electrical conductivity and 1,000 seed weight (r = -0.82).
The grain yield was positively correlated with the number of seeds per
panicle (r=0.89) and the 1,000 seed weight (r = 0.93), while the 1,000
seed weight was positively correlated with the number of tillers per
hill (r = 0.89) as shown in Table 3.
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Table 1 Electrical conductivity and salinity classes of soil at five different
rates of salt concentration
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Table 3 Correlation coefficients between electrical conductivity, yield,
2-acetyl-1-pyrroline (2AP) concentration and other yield component characters

Salt (NaCl) application rate Electrical conductivity — Soil salinity class'

(mg/kg dry soil) 1:5 soil:water

(mS/cm)
0 0.13 Non saline
1.16 0.62 Slightly saline
1.74 0.74 Slightly saline
2.31 0.95 Moderately saline
2.89 1.16 Strongly saline

! Source: Wolf (1999)

Yield 1,000 seed weight 2AP concentration
Electrical conductivity -0.94" -0.82" -0.35m
Yield 0.13m
Plant height -0.57™ 0.26™
Number of tillers/hill 0.73 0.89"
Number of panicles/hill 0.29™ 0.31™
Number of seeds/panicle ~ 0.89" 0.69™
1,000 seed weight 0.93" 0.28™

"= non-significant different at p < 0.05; * = significant different at p < 0.05

Table 2 Yield (14% moisture content) and yield components of KDML 105 rice grown at different levels of salt application

Salt application Yield Plant height Number of tillers/ ~ Number of panicles/  Number of seeds/ 1,000 seed weight
(g NaCl/kg soil) (g/pot) (cm) hill hill panicle (2)

0 39.52 112.6 10.3 8.3 114.9 24.8°

1.16 28.8° 111.2 10.5 9.0 93.6 23.8%®

1.74 24 .4° 109.6 9.5 8.5 79.1 22.3°

2.31 23.9° 113.1 9.0 8.1 106.5 22.0°

2.89 23.5° 107.6 9.4 7.5 86.8 22.8°
F-test ** ns ns ns ns *

SD 7.3 3.9 1.7 1.0 21.5 1.6

CV (%) 15.9 9.8 17.9 11 19.7 5.5

CV = coefficient of variation; ns = non-significant difference at p < 0.05; * = significant difference at p < 0.05; ** = highly significant difference at p < 0.01.

Different lowercase superscript letters within each column indicate a significant difference (p < 0.05).

The effect of soil salinity on the aromatic compound 2AP
was different from the yield effect (p < 0.05) (Fig. 1). The 2AP
concentration increased by about 15% with increasing soil application
at 1.16 g NaCl/kg soil from no salt application, but no effect was
found at the higher salt application rates of 1.74-2.31 g NaCl/kg soil,
while applying at the even higher rate of salt at 2.89 g NaCl/kg soil
slightly decreased the concentration of 2 AP compared to the control
treatment. The 2AP concentration did not show any significant
correlation with the electrical conductivity (r = -0.35), grain yield
(r=0.13) and 1,000 grain weight (r = 0.28) as shown in Table 3.
These results indicated that the gelatinization temperature of rice grain
was not affected by applying salt in the soil and did not affect the alkali
spreading value at any of the concentration rates as shown in Fig. 2.

Discussion

The results showed that soil salinity significantly depressed the
grain yield of rice variety KDML 105 by reducing the individual
seed weight as was reported by Van Genuchten and Gupta (1993).
Saline soil has been shown to reduce grain yields in rice by disrupting
fertilization resulting in a high percentage of undeveloped seeds
(Patcharapreecha et al., 1990). The current study for the first time
showed the effect of salt stress on yield and the the aromatic compound
in Thai Hom Mali rice cv. KDML 105 which is a popular aromatic
rice variety consumed globally. The current study did not produce
any impact on the numbers of fertilized and undeveloped seed and
the salinity level did not affect general plant growth characteristics
as indicated by the lack of any significant differences for the plant
height, tiller number per hill, panicle number per hill and number of
seeds per panicle among the salt application rates (Table 2). On the
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Fig. 1 Effect of soil salinity on the aromatic compound 2-acetyl-1-pyrroline
intensity of KDML 105, where different lowercase letters above bars indicate
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significant difference at p < 0.05.
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Fig. 2 Effect of soil salinity on alkaline spreading value of KDML 105, where
the same letter above bars indicates no significant difference (p > 0.05) and the
standard checking for alkaline spreading value for KDML105 (low gelatinized
temperature check) = 6-7 and for RD4 (high gelatinized temperature check) = 2.
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other hand, the current study showed that the salt treatments affected
the individual seed weight which consequently affected the grain
yield as indicated by the correlation between grain yield and electrical
conductivity and 1,000 seed weight which was reported by Gay et al.
(2010). This phenomenon has been explained as perhaps being due
the limited grain-filling process during grain development (Wei et al.,
2017). Grain filling is the process of accumulating starch in rice
which is an end product of photosynthesis and which saline soil was
found to depress during processing (Chaves et al., 2009). Therefore,
minimizing yield loss when rice is grown under salt stress conditions
could be solved by reducing salt stress during the grain filling stage
which could be conducted, for example, by applying gypsum into the
soil (Basel, 2012), though no results from this have been reported
recently. Thus, this should be the subject of future experiment to
determine any yield loss based on the number of seeds per panicle
and the 1,000 seed weight which should be major traits to indicate the
effect of salt stress in rice.

The current study also showed that the concentration of the
aromatic compound of 2AP in the indica Thai rice variety KMLD105
responded differently to salinity compared with the 2AP in the aromatic
temperate japonica varieties grown in France (Gay et al., 2010).
This latter variety showed highly significant correlations between
electrical conductivity and the 2AP concentration and between
the 2AP concentration and 1,000 grain weight. On the other hand,
the variety KDML105 in the current study appeared to be more
sensitive to salinity, with a stimulating effect on 2AP by very mild
salinity at 1.16 g NaCl/kg soil (EC of 0.62 mS/cm). The 2AP
compound disappeared at the higher levels of salt application with
a significant lowering of the 2AP concentration at the strongest
salinity treatment of 2.89 g NaCl/kg soil (EC of 1.16 mS/cm).
The independence of the 2AP concentration from the 1,000 grain
weight found here suggested that aroma expression in the Thai variety
KDML105 may be influenced by salinity through a different process
from that associated with smaller grain size as suggested for the
French varieties (Gay et al., 2010). The absence of any relationship
between electrical conductivity and the 2AP concentration confirmed
previous reports on the adverse effect of soil salinity in decreasing
rice yield and increasing the concentration of the aromatic compound
2AP (Van Genuchten and Gupta, 1993). While it depressed the grain
yield in rice, it improved the aroma of the rice grains which have the
secondary metabolite, 2AP as a key major compound (Poonlaphdecha
et al., 2012). The 2AP compound increased when salt was applied at
1.16 g NaCl/kg soil (0.62 mS/cm soil EC (1:5, soil: water) from the
control treatment (Tables 1 and Fig. 1). Secondary metabolites play an
important role in defending plant tissues from adverse conditions, such
as pathogens or environmental stress, including saline soil (Tiwari and
Rana, 2015). Thus, rice grown under saline conditions may produce
higher 2AP in an effort to increase its tolerance to the salinity, even
in the low soil salinity condition. However, the 2AP compound
was reduced at the higher rate of salt stress of 2.89 g NaCl/kg soil
(1.16 mS/cm soil EC at 1:5 soil:water). In addition, the concentration
of 2 AP compound did not have a dilution effect on the grain yield
under saline soil growing conditions as no negative correlation

between the grain yield and 2 AP concentration was observed in this
study. Therefore, the proper management for growing rice under
saline soil conditions is required when dealing with both the grain
yield and aroma compound.

However, this study also showed that growing rice in saline soil
did not affect the grain texture as indicated by no difference in the
alkaline spreading value in the rice grain at all soil salinity levels.
Northeast Thailand contains around 3.7 million ha of the slightly
saline soil, almost 1 million ha of moderately saline soil and around
0.2 million ha of strongly saline soil (Division of Mineral Resources
Conservation and Management, 2015). The current study showed that
adequate grain yields of KDML 105 was produced even in moderately
and strongly saline soils, even though the yield was slightly depressed.
Therefore, it is possible to produce high-quality KDML 105 rice under
saline soil growing conditions with the proper management.

The grain yield of the rice variety KDML 105 decreased when salt
was applied at all applications from 1.16 g NaCl/kg soil to 2.89 g NaCl/kg
soil, while the concentration of the 2AP aromatic compound increased
under mildly saline conditions (1.16 g NaCl/kg soil) but was depressed
under strongly saline conditions (2.89 g NaCl/kg soil) without
any impact on grain softness texture. These results suggested that
while mild salinity may depress the yield of Hom Mali rice, it can
improve grain quality by increasing the concentration of the aromatic
compound.

Conflict of Interest
The authors declare there is no conflict of interest.
Acknowledgements

The authors thank the Thailand Research Fund for financial
support (Project ID: RSA6080024).

References

Basel, S. 2012. Salt stress alters physiological indicators in cotton (Gossypium
hirsutum L.) Soil Environ. 31: 113-118.

Bureau of Rice Research and Development. 2018. KDML 105. http://brrd.
ricethailand.go.th./, 1 August 2018.

Chaves, M.M., Flexas, J., Pinheiro, C. 2009. Photosynthesis under drought
and salt stress: regulation mechanisms from whole plant to cell. Ann. Bot.
103: 551-560.

Division of Mineral Resources Conservation and Management. 2015.
Saline soil area development in the Northeast: Geological approaches.
http://www.dmr.go.th/, 26 March 2018.

Gay, F., Maraval, 1., Roquesc, S., Gunata, Z., Boulanger, R., Audebert, A.,
Mestres, C. 2010. Effect of salinity on yield and 2-acetyl-1-pyrroline
content in the grains of three fragrant rice cultivars (Oryza sativa L.)
in Camargue (France). Field Crops Res. 117: 154-160.

Igbal, M.M., Goheer, A.M., Khan, A.M. 2010. Facing the food challenge under
climate change threats to land resources through increased salinization.
In: Proceedings of the Global Forum on Salinization and Climate Change
(GFSCC2010). Valencia, Spain, pp. 25-29.



78 A. Kongpun et al. / Agr. Nat. Resour. 54 (2020) 74-78

Jamil, A., Riaz, S., Ashraf, M., Foolad, M.R. 2011. Gene expression profiling
of plants under salt stress. Crit. Rev. Plant Sci. 30: 435-458.

Kao, C.H. 2018. Mechanisms of salt tolerance in rice plants: Cell wall-related
genes and expansins. J. Taiwan Agric. Res. 66: 87-93.

Mahatheeranont, S., Keawsa-ard, S., Dumri, K. 2001. Quantification of the rice
aroma compound, 2-acetyl-1-pyrroline, in uncooked Khao Dawk Mali 105
brown rice. J. Agric. Food Chem. 49: 773—779.

National Bureau of Agricultural Commodity and Food Standards. 2018.
Organic standards. http://www.organic.moc.go.th/, 1 August 2018.

Ngokkuen, C., Grote, U. 2012. Geographical indication for jasmine rice:
Applying a logit model to predict adoption behavior of Thai farm
households. Q. J. Int. Agric. 51: 157-185.

Office of Agricultural Economics. 2013. Agricultural Statistic of Thailand
2013. Ministry of Agriculture and Cooperatives. Bangkok, Thailand.

Office of Agricultural Economics. 2018. Agricultural Statistic of Thailand
2018. Ministry of Agriculture and Cooperatives. Bangkok, Thailand.

Poonlaphdecha, J., Maraval, 1., Roques, S., Audebert, A., Boulanger, R., Bry,
X., Gunata, Z. 2012. Effect of timing and duration of salt treatment during
growth of a fragrant rice variety on yield and 2-acetyl-1-pyrroline, proline,
and GABA Levels. J. Agric. Food Chem. 60: 3824-3830.

Tiwari, R., Rana, C.S. 2015. Plant secondary metabolites: A review. Int. J. Eng.
Res. Sci. 3: 621-670.

Patcharapreecha, P., Topark-ngarm, B., Goto, 1., Kimura, M. 2005. Studies on
saline soils in Khon Kaen Region, Northeast Thailand. Soil Sci. Plant Nutri.
36:363-374.

Van Genuchten, M.T., Gupta, S.K. 1993. A reassessment of the crop tolerance
response function. J. Indian Soc. Soil Sci. 41: 730-737.

Wei, X., Jiao, G., Lin, H., et al. 2017. Grain incomplete filling 2 regulates grain
filling and starch synthesis during rice caryopsis development. J. Integr.
Plant Biol. 59: 134-153.

Wolf, B. 1999. The Fertile Triangle. Food Products Press. Binghampton, NY,
USA.

Wongsomsak, S. 1986. Salinization in Northeast Thailand. Southeast Asian
Studies. 24: 133-152.

Wu, W., Cheng, S. 2014. Root genetic research, an opportunity and challenge
to rice improvement. Field Crop Res. 165: 111-118.



	Impact of soil salinity on grain yield and aromatic compound in Thai Hom Mali rice cv. Khao Dawk Mali 105
	Abstract
	Introduction
	Materials and Methods
	Plants culture
	Aromatic compound and alkaline spreading value analysis
	Data analysis

	Results
	Discussion
	Conflict of Interest
	Acknowledgements
	References




