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Abstract 
One of the major problems of adapting the System of Rice Intensification (SRI) techniques is knowledge shortfall 
on the technical skills for processing quality seeds to achieve uniform seedling establishment in the nursery and 
quick seedling recovery in the puddled field. Therefore, this study aimed to create suitably seed sorting technique 
leading to vigorous and quality seedlings to improve potentiality of SRI nursery and reduce seedlings transplanting 
shock. It involved sorting of MR219 rice seeds the most popular grown variety in Malaysia in NaCl solutions of 0 
g/L(water alone), 40 g/L, 60 g/L, 80 g/L, 100 g/L and 120 g/L, respectively. The experiment revealed that 100% 
germination after ten days was obtained from the sunken MR219 seeds collected in 80 g/L of NaCl solution. These 
values reported a decrease in germination (85%) with increasing NaCl concentration (120 g/L), with least 
germination vigor of 42% in water alone (0 g/L) 3 days. The percentage of sprouting proved to be high from the 
sunken seeds obtained in 80 g/L with 100% sprouting success rate. A decrease in percentage (70%) has been 
revealed with increasing NaCl concentration from the seeds obtained in 120 g/L and also when it was reduced to 40 
g/L which reported 65% of the sprouting rate. Therefore, this technical information serves as benchmark to 
practicing farmers that high concentration in NaCl not only reduces the percentage of viable seeds but also 
increases seedling preparation cost as well as the entire production cost. 
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1. Introduction 
Rice (Oryza Sativa in Asia or Oryza Glaberrima in Africa), classified as a monocotyledon plant because of its 
behavior of producing one leaf per growth development. Rice is considered as the staple food for a large part of 
Asia and Africa and also to some parts of Europe, America, and West Indies (FAO, 2012). Seeds from plants are 
usually covered with an outer shell to protect the endosperm, either for utilization as food or as a future source of 
continuity of the family – germinability of the plant. It is a mature rice grain that germinates under favorable 
environmental conditions and grows into a normal plant (Quality Rice Seed Production Manual). The quality of 
any seed can be clearly determined upon the physical characteristics exposed by its mother plant during growth 
stages, harvesting, processing, storage and planting. Likewise, temperature, nutrients and environmental factors 
also affect the development and quality of the seed. Moreover, Misra et al. (1994) reported that good seeds are 
essential to good crop production and they are also today’s treasure and hope for feeding future generations. 
Similarly, Mao et al. (1996) estimated that 1% impurity in hybrid rice could bring down the yield potential by 100 
kg/ha. Therefore, monitoring the genetic purity of rice is necessary to increase yield production (Mishra et al., 
2003). Other studies have shown that genetic impurity, improper dryness, disease contamination, and pest 
infestation often do not manifest themselves until the seed is sown and has started to grow (Bradford, 2005).  

Good quality rice seed is considered by cultural geographers as the type of seed that is fully matured, properly 
dried, and free from weed seeds and be able to regenerate a high percentage of viable seed or rather productive 
(Asaki et al., 2013; Bhabindra et al., 2012). This is the ability of the rice seed to grow and develop into an adult. 
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Therefore, viable seeds are the seeds capable of germinating uniformly and rapidly thereby providing strong or 
vigorous seedlings (Adusumill & Bhagya , 2010; Norman, 1993). Seed viability can be determined with respect to 
its moisture content, germination potential and vigor. Therefore, a viable seed results in seedlings which recover 
quickly from the transplanting shock, rapid root growth that enables the seedlings to draw nutrients quickly and 
effectively from the soil. Therefore, with all these advantages on quality seeds, it is now necessary to preserve and 
save the wastage during seedling and transplanting processes when compare to the existing practice of 15 to 25 kg 
on trays and 50 to 80 kg on wet and dry bed nurseries with up to 100 kg of seeds on direct seeding 
(Balasubramanian, 2009; Bhabindra et al., 2012; Dhananchezhiyan, Durairaj, & Parveen, 2013) 
2. Materials and Methods 
2.1 Sample and Sample Preparation 

The MR219 rice seeds for the study were obtained from Tanjong Karang rice growing area in Selangor, Malaysia. 
The sample seeds were manually cleaned so as to ensure that all foreign matters such as dirt, husk, immature or 
broken seeds, stones, weed–seeds and other inert materialshave been removed before storing, selling and 
reproducing (Coşkun et al., 2006; Garnayak et al., 2008; Solomon & Zewdu, 2009). The main advantage of 
cleaning was to prevent the seeds from attack by insects, fungi and other pathogens that can endanger the seed 
thereby making it lose high potential of its genetic purity. The findings of Huynh et al. (2001) indicated that these 
pathogens caused lower germination of seed with transmission of disease from the seed to rice plant. Different 
methods of seed cleaning are now in use but the most common practical ones recommended by the Rice 
Knowledge Bank are winnowing (by wind blow), screening (by sieving with ≤ 1.4mm sieve) and seed sorting (by 
salt and water solution) respectively. This technique has been encouraged in order to ensure sorting of good quality 
seeds. Pham et al. (2003) stated that the use of 15% brine solution for seed cleaning could improve the status of 
seed borne diseases infection and disease transmission. 

2.2 Seed Dormancy 

This is a period during which the time to germination may be high or low depending on the variety of the rice seeds. 
In many varieties of rice, the dormancy period may presume immediately after the harvest. Hu et al. (2003) 
reported that in southern China, due to the long spell of rainy weather in early summer and autumn, seed dormancy 
causes heavy pre-harvest sprouting in the field for more than 6% of the rice acreage, which could be up to 20% for 
hybrid rice. It is therefore evidently important to note that knowledge on seed dormancy breaking plays a 
significant role in improving the genetic purity and seedlings establishment (Asaki et al., 2013; Michael et al., 
2008). Kazuhiko et al. (2010) concluded that seed dormancy provides a strategy for flowering plants to survive 
adverse natural conditions. They also regarded it as an agronomic trait affecting grain yield, quality and processing 
performance.  

2.3 Selection and Sorting of Rice Seed 

Seed selection stands as the primary step of satisfying the SRI planting standards as well as establishing uniformly 
grown seedlings. Therefore, it is evident with the new SRI single seedling nursery tray to come up with best quality 
seeds selection method as every seed matters. Different methods were used to select better rice seeds for nursery 
purposes among these are seed sorting and seed soaking (water or salt solution) as reportedly used by Ella et al. 
(2011); Farooq et al. (2009). Therefore, this study involved the soaking of rice seeds in salty water solution thereby 
removing the floated as immature or an unfilled seeds with less endosperm and adapting/considering the sunken 
seeds as selected or best seeds. To obtain this salty level, an experiment was carried out in the Soil laboratory, 
Faculty of Engineering, UPM to determine the amount of salt needed to lift an egg in one liter of water where the 
egg was used as a reference for good seeds (Muhammad et al., 2006). This procedure involved the use of six sets of 
300 ml beakers and each was labeled as S1, S2, S3, S4, S5 and S6. Equal amount of distilled water (250 ml) was 
poured into six beakers followed by insertion of an uncooked/fresh egg thereafter. It was noticed that the egg sunk 
to the bottom of all the beakers containing only the water, thus the latter indicated the viability of the egg and the 
accuracy of the experimental set up. A measured amount of salt of 5 g, 10 g, 15 g, 20 g and 25 g (using an 
electronic digital balance (Mitutoyo Digital Scale) with accuracy of 0.001g were sequentially put in each of the 
five beakers, while the sixth beaker was left with no salt to serve as a control. Data on the gradual movement of egg 
to the surface was observed to whether the egg floats or not (Figure 1). A known amount of rice seeds (100) were 
placed in each of the six samples and the sorting process was followed thereby counting the number of floated and 
that of the sunken ones. Similarly, seeds that moved to the bottom were considered as good whereby the floating 
ones were discarded (Figure 2). The experiment was replicated three times and the mean value of each was 
obtained.  



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 7; 2014 

187 

 
Figures 1. Egg floating at different NaCl concentration 

 

2.4 Seed Soaking 

The MR219 rice seeds were collected from the different sorting treatments and soaked after washing the salt 
content. The seeds were then placed in different containers and water was added thereafter for moisture absorption. 
This was kept for 24 hours in order to break the dormancy period (Figure 2) and initiate germination processes. 
Similar findings were reported (Ella et al., 2011; Farooq & Basra, 2006; Guo et al., 2004; Haytham et al., 2010; 
Jeyabal & Kuppuswamy, 1998; Maarten, Leónie, & Henk, 2002; Michael et al., 2008; Naredo et al., 1998; 
Nouman et al., 2012; Wan et al., 2006). 

 

 
Figure 2. Showing sunken and floated seeds 

 

 
Figure 3. The sprouted rice seeds 

 

2.5 Seed Priming 

The theory of seed priming was first introduced by Heydecker in 1973 as reported by Sun et al. (2010) proved to be 
among the major prime movers of seedling establishment as well as escalated bumper harvest in rice production. 
Therefore, it was regarded as a technique of controlling the slow absorption and post – dehydration (Aboutalebian 
et al., 2012; Heydecker & Coolbear, 1977; Nouman et al., 2012; Sun et al., 2010; Yari & Sheidaie, 2011). This 
process involves soaking of MR219 rice seeds for 6 hours prior to sowing to ignite the germination process. These 
brilliant techniques have been validated by many scientific and research institutions on different crops. It increases 
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the rate of germination and early seedling establishment especially in dry and semi-arid regions (Aboutalebian et 
al., 2012). It involved soaking, drying and exposing to a certain temperature until sprouting of MR219 rice seeds 
for 24hours, drained and kept under 40 °C for 6 hours in order to trigger germination process prior to sowing 
(Figure 3). 

2.6 Seed Germination 

Germination of seeds starts when the absorbed water reaches 25% of their weight, but it appears better by the time 
it goes to 40% of the seed weight, thus, a well soaked seed is dark, translucent and inflated and easily damaged by 
rubbing. Therefore, it is important to have the basic knowledge of germination factors such as root system, 
hypocotyls, plumule and cotylydons (Deno, 1993; Rajendran, 1991; Randall et al., 2004; Tuong & Du, 2002) prior 
to the evaluation of any seedling establishment. This experiment was carried out in soil laboratory, UPM, with 
selected 100 MR219 rice seeds obtained from seed selection results at varying amount of NaCl of 40, 60, 80, 100 
and 120 g per liter of distilled water. Moreover, the 100 sunken seeds obtained from each sample were due to 
addition of extra seeds in order to meet the required experimental plan. Likewise, equal number of seeds (100) was 
also placed in distilled water alone for sorting with addition of extra seeds to obtain the required 100 sunken seeds, 
thus, the selected seeds from all the treatments were set for germination test.  
3. Results and Discussions 
3.1 Influence of Seed Selection at Varying NaCl Concentration  

In order to have effective and uniform seedling seedlings establishment in a nursery, proper care was taken the 
seed sorting. The results revealed that seeds sorted on S1, S2 and S6 responded negatively to floating with seeds 
floating values of 8, 13 and 2 when subjected to 40, 60 and 0 g/L of NaCl solution respectively. But an increase in 
floating ratio was observed when the concentration was increased to 80, 100 and 120 g/L of NaCl with floating 
values of 22, 27 and 34 respectively (Table 1). Therefore, salt concentration has indicated a significant influence 
on seed sorting thus the higher the concentration of salt the more number of floated seeds observed. The sunken 
seeds were considered to be the selected as the floating ones were considered as unfilled and/or immature seeds 
that are not capable of germinating uniformly when subjection to seedling nursery raising. These selected (sunken) 
seeds from the six beakers were then set for germination test to find which sample reveals the 100% germination 
success rate. The results indicated that seeds selected from 80g/L of salt concentration indicated 100% germination 
with a sorting condition of 22 floating and 78 sunken contrary to the increased in concentration of 120g/L with 34 
(floated) and 66 (sunken) and revealing 85% of germination (Table 1). Other findings on seed selection and sorting 
of quality seed have been reported (Huynh et al., 2001; Islam et al., 2007; ISTA, 2012; Michael et al., 2008). Seed 
quality has been considered by paddy farmers as the primary instrument to the attainment of better seedling 
establishment, robust and uniformly stress-free seedlings as well as optimum yield when compare to the 
broadcasting practice where the establishment may not be uniform..  

 

Table 1. Seed sorting technique tested for 100 seeds 

Treatments Salt (g/L)
Egg floating status No. of seeds/100 

Yes No Float Sunken 

S1 40  √ 8 92 

S2 60  √ 13 87 

S3 80 √  22 78 

S4 100 √  27 73 

S5 120 √  34 66 

S6 0  √ 2 98 

 

3.2 Effect of Seed Priming 

The MR219 has indicated significant variation in sprouting with the varying NaCl concentrations. Table 2 
indicated that the percentage of sprouting was high from the sunken seeds obtained in 80 g/L with 100% sprouting 
success rate. A decrease in percentage to 70% has been revealed from the seeds obtained in 120 g/L. Similarly, 
when the rate of concentration was reduced to 40 g/L a decline was also noticed on the sprouting percentage to 
65%. Therefore, this variation was due to the high absorption of salt by the rice seeds. However, the findings of 
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Farooq & Basra (2006) on fine rice revealed that all the priming techniques responded well in improving the 
quality of seedling establishment, growth and yield except for the traditional soaking method in ordinary water, 
which the latter resulted in impaired germination, seedling establishment with a reduction on the yield. 
Furthermore, Lee et al. (1998) indicated that germination and emergence rates and time from planting to 50% of 
germination (T50) of primed seed were 0.9 – 3.7 days less than those of untreated rice seeds. Moreover, priming of 
rice seeds might be useful way to better seedling establishment under adverse soil condition (Lee et al., 1998). 
Therefore, these types of seeds (primed seeds) can be sown either manually or mechanically but should not be 
delayed for more than two days after priming. Consequently, Sun et al. (2010) on their findings revealed that seed 
priming could categorically improve the metabolism of rice seed, germination indices, drought tolerance and 
seedling quality with more pronouncing impact on indica than japonica rice varieties). This method was similarly 
reported by Yari and Sheidaie (2011) on rice seed and Liela et al. (2010) on wheat. Similar findings on various 
research works (M Farooq & Basra, 2006; Jeyabal & Kuppuswamy, 1998; Maarten et al., 2002; Nejad & 
Farahmand, 2012; Tuong & Du, 2002) also responded relatively as reported. 

 

Table 2. Seed sprouting (%) 

Treatments Salt (g/L) Sprouting (%)

S1 40 60 

S2 60 66 

S3 80 100 

S4 100 88 

S5 120 75 

S6 0 55 

 

3.3 Influence of Seed Germination on Sorting Technique 

The result on seed germination indicated that at 10th day after sowing, 90% of germinated seeds were recorded in 
40 g/L of NaCL – water solution, while the rate of germination increased from 90 to 100% when the concentration 
of NaCl was raised to 80 g/L as reported in Figure 4. This level (80 g/L) also revealed germination vigor of 82% as 
against 69% when subjected to 120 g/L of soluble NaCl shown in Table 2, respectively. But a surprising 
declination was observed when an increase in NaCl concentration was beyond 80 g/L with a decreasing percentage 
of 85 from 120 g/L as against 100% in 80 g/L (Table 3). Therefore, this decrease was attributed due to the presence 
of high salt absorbed by the seed as reported by Turhan et al. (2011) on Spinach cultivars, Akbarimoghaddam et al. 
(2011) on wheat, Bojović et al. (2010) on Brassicaceae and Solanaceae seeds and found that seeds of all species 
germinate only at low NaCl concentration. Other research findings on the effect of salt to seedling growth were 
reported (Cordazzo, 1999; Kaymakanova, 2009; Kiani et al., 2011; Mohammad et al., 2011; Mostafavi, 2012; 
Schneider and Bouali, 2010; Sivasankaramoorthy et al., 2010) who studied on different seeds and drawn similar 
conclusion on the decrease in germination as NaCl increased. This can therefore be concluded that increase in salt 
concentration is not an indicator to quality seed selection rather it only makes farmers to employ more seeds with 
low potential germination output.  

 

Table 3. Germination rate with respect to seed sorting 

NaCl Solution (g/L) 
Germination per day (%) 

1 2 3 4 5 6 7 8 9 10 

40 0 0 68 72 77 83 90 90 90 90 

60 0 0 78 77 80 86 93 93 93 93 

80 0 0 82 88 92 98 100 100 100 100 

100 0 0 74 78 82 86 89 89 89 89 

120 0 0 69 72 76 82 84 85 85 85 

0 0 0 42 56 61 64 67 67 67 67 
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Figure 4. Photos of seed germination after sorting using NaCl concentration of 80 g/L 

 

4. Conclusion 
Seed quality stands as the primary source to proper nursery and quick seedling establishment in the puddled field. 
Therefore, these results indicated that high concentration of salt during seed sorting does not only reduce the 
percentage of viable seeds required per planting area but also increases the production cost due wastage of viable 
seeds as well as encourage poor seedling establishment with resulted to high intake of NaCl and lower the yield.  
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