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ABSTRACT 
 

The study was conducted to determine the efficiency of chemical (sulfuric acid) for 5, 10, 15 and 20 min) 
and mechanical scarification (sandpaper) on germination of Melilotus alba Desr. and Melilotus officinalis Lam. 
and to investigate their germination performance under various NaCl stresses at electrical conductivities of 5, 
10, 20 and 30 dS m-1. Germination percentage, mean germination time, hard and swollen seeds were monitored. 
The results showed that both species suffered from hard seeds due to impermeable seed coat and dormancy rate 
of M. officinalis and M. alba were 96.0% and 94.0%, respectively. The beneficial effect of mechanical 
scarification with sandpaper was determined and it caused a remarkable increase in germination and a decrease 
in the hard and swollen seeds in both species while the highest germination percentages were obtained from 
application of H2SO4 for 15 and 20 minutes. Salt stress resulted in a drastic drop in germination percentage of 
M. alba and M. officinalis. Increased NaCl levels declined germination and delayed mean germination time. 
Higher germination percentage was obtained from M. alba at all levels of salt stress; however, the detrimental 
effect of NaCl was detected in 30 dS m-1. It was concluded that chemical scarification with H2SO4 for 15 and 20 
minutes was the most effective treatment to break seed dormancy of both species and M. officinalis could keep 
up with NaCl stress better than M. alba during germination.  
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Introduction 
 

The Melilotus genus is native to Eurasia, Mediterranean region, through central Europe to Tibet 
(Turkington et al. 1978). This genus is closely related to the Medicago and Trigonella genera and includes 
approximately 25 species of annuals and biennials/perennials (Allen and Allen 1981). Turkey has 11 Melilotus 
species and 2 of them are endemic (Hedge 1970, Özhatay 2011). M. officinalis and M. alba, which are adapted 
to a wide range of climatic conditions, are the most common natural distributed species of this genus. They have 
a well-developed long taproot which provides adaptation to drought condition; therefore, they are important 
plants as pasture forage and green manure along with soil improvement and erosion control. They are also 
appreciated as ground cover plants in depleted lands (Allen and Allen 1981), especially in moderately saline 
areas where traditional forage legumes cannot be grown (Maddaloni 1986). However, these species have not 
been widely grown for forage production because of high coumarin content which is a secondary plant 
compound. It is an anticoagulant which causes a haemorrhagic condition known as sweet clover disease (Evans 
and Kearney 2003; Nair et al. 2006). However, there is a wide variation in the coumarin concentration in plants, 
both between and within species. Previous researches suggest that it is possible to undertake management 
practices to limit high concentrations of coumarin (Nair et al. 2006, Rogers et al. 2008). 

Most species of Fabaceae have an impermeable seed coat that imposes a physical exogenous dormancy. 
Trifolium, Medicago, and Melilotus species have the characteristic thickening of the cell wall on the cell apex of 
the macrosclerids resulting in the terminal caps of the palisade ceils, which causes seed coat impermeability 
(Rolston 1978). Although Melilotus genus generally has regularly germinating seeds, it was reported that over 
85% of M. officinalis and M. alba seeds suffered from seed hardness by Van Assche (2003), Tobe (2007) and 
Paiaro (2007). Stoker (1964) reported that germination failure in M. alba resulted from high coumarin content in 
seeds and lower free coumarin content led to higher germination. 

There are several methods to soften or break hard seeds artificially like mechanical and acid scarification, 
chilling (Pritchard et al. 1988) or short time heating (Martin et al. 1975; Herranz et al. 1998). Among the these 
methods, sulfuric acid and mechanical scarification with sandpaper have been found the effective methods to 
reduce hard seeds of legumes by Pandrangi et al. (2003), Martin and De La Cuadra (2004), Uzun and Aydin 
(2004), Patane and Gresta (2006), Can et al. (2009), Ghaderi-Far et al. (2010), and Kimura and Islam (2012).  
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This study aimed to determine if there is dormancy in seeds of M. officinalis and M. alba, and to test the 
possibility to overcome the dormancy by chemical (sulfuric acid) and mechanical (sand paper) scarification. 
Furthermore, the study examined seed germination of these two species under saline conditions. 
 
Material and Methods 

 
M. officinalis and M. alba pods were collected from plants naturally grown in Eskişehir Osmangazi 

University, Campus of Agriculture Faculty (39° 45' Lat N,  30° 28' Long E) of Turkey in late August 2011. The 
seeds were removed from the pods and kept on a refrigerator at 5 ± 1 °C until used. Seeds of these species are a 
smooth oval bean about 2 mm long that ripens to brown and one thousand seed weight of M. officinalis and M. 
alba were determined as 2.22 ± 0.04 g and 1.81 ± 0.05 g, respectively. 

Seeds were exposed to mechanical and chemical scarification for breaking dormancy induced by hard seed 
coat. Mechanical scarification consisted in a vigorous rubbing of the seed with 100 grit sandpaper to abrade the 
seed coat. To perform chemical scarification, seeds were immersed in sulfuric acid solution of 95-97% 
concentration for 5, 10, 15 or 20 minutes. After the treatment the seeds were thoroughly rinsed with tap water in 
three times and transferred to distilled water, and dried at room temperature.  

After the dormancy breaking treatments, samples of 200 seeds (four replicates of 50 seeds each) were 
placed in three moistened rolled filter papers using 8 mL of double distilled water. Seeds were treated with 
fungicide (Thiram, 80%) before start of experiment. To prevent evaporation, each rolled paper was put into a 
sealed plastic bag during the germination period. Germination was performed at 20 ± 1 °C in the dark for 10 
days using a thermostatically controlled incubator (ISTA 2003). Radicle elongation (minimum 2 mm long) was 
considered as germination criteria. At the end of the experiment, germination percentage, swollen seed and hard 
seed percentages were investigated to evaluate seed dormancy of the species. Germination percentage was 
recorded every 24 h for 10 d. Mean germination time (MGT) were calculated for the speed of germination 
according to ISTA (2003). 

After the best method to reduce hard seed had been determined and germination performance under salt 
stress was investigated. Four replicates of 50 seeds were incubated in moist rolled filter papers with sodium 
chloride solutions of 0 (distilled water), 5, 10, 20 and 30 dS m-1. The papers were replaced every 2 days to 
prevent accumulation of salts (Rehman et al. 1996; Okçu et al. 2005). Seedling fresh weight of 10 seedlings 
randomly selected from each replicate was measured after the 12th day. 

The experimental design was two factors factorial arranged in completely randomized design with four 
replications and 50 seeds per replicate. The first factor was the species and the second was dormancy breaking 
treatments or NaCl solutions. Analysis of variance was performed for all investigated parameters using the 
SPSS v16 software. Significant differences among the mean values were compared by LSD test (P < 0.05). 

 
Results: 

 
The efficiency of dormancy breaking treatments on germination of Melilotus species is shown in Table 1. 

Seed germination percentages prior to scarification treatments were 4.0% for M. officinalis and 6.0% for M. 
alba while hard seeds ranged as 94.0% ad 96.0%, respectively. Increased acid exposure time caused a 
remarkable drop in hard seed and swollen seeds, and an increase in germination percentage of both species. The 
highest germination percentage in M. officinalis was obtained from H2SO4 for 15 minutes with 96.0% while 
sulfuric acid for 5 minutes gave the minimum value. Sulfuric acid for 20 minutes was found the most effective 
time to promote germination in M. alba. Mean germination time (MGT) was not significantly changed by 
dormancy breaking treatments but it was not calculated in control seeds due to insufficient germination 
percentage. MGT was significantly influenced by dormancy breaking treatments and NaCl levels (P < 0.05). As 
shown Figure 1a, MGT was shortened by scarification, especially increasing time of sulfuric acid. An increase 
in NaCl level caused delayed germination as seen Figure 1b. Depending on changes in germinated seeds, hard 
seed percentage was fluctuated and the lowest values were determined in H2SO4 for 15 minutes in M. officinalis 
and H2SO4 for 20 minutes in M. alba. Any data for swollen seeds could not be collected in control seeds while 
dormancy breaking treatments led to an increase in swollen seeds. 

Germination behaviors of both species under various salt stresses are shown in Table 2. Germination 
percentage was drastically affected by increasing NaCl levels. Better performance in germination percentage in 
M. officinalis was very evident. None of the seeds of M. alba was able to germinate at 30 dS m-1 of NaCl. MGT 
was delayed by increasing salinity stress while NaCl level of 30 dS m-1 hindered it much more compared to 
lower level of NaCl. The MGT was not calculated at 30 dS m-1 because of insufficient germination. Increased 
NaCl resulted in a decrease in seedling fresh weight and greater reduction was observed in M. alba. No seedling 
growth could not be recorded at 30 dS m-1.  
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Table 1: Germination patterns of Melilotus species subjected to different dormancy breaking treatments 
Species  Application Germination (%) MGT  

(day) 
Hard seeds (%) Swollen seeds (%) 

M. officinalis Control 4.0 ± 2.82 - 96.0 ± 2.82 0.0 ± 0.00 
 Sand paper 89.5 ± 5.26 1.35 ± 0.06 4.3 ± 2.63 6.3 ± 2.63 
 5' H2SO4  54.0 ± 10.95 1.69 ± 0.33 43.5 ± 10.87 2.5 ± 1.00 
 10' H2SO4  91.5 ± 5.97 1.42 ± 0.18 5.5 ± 3.00 3.0 ± 3.46 
 15' H2SO4  96.0 ± 5.65 1.11 ± 0.04 1.5 ± 3.00 2.5 ± 3.00 
 20' H2SO4  87.0 ± 2.58 1.12 ± 0.09 10.5 ± 2.51 2.5 ± 2.51 
M. alba Control 6.0 ± 0.00 - 94.0 ± 0.0 0.0 ± 0.00 
 Sand paper 94.5 ± 1.91 1.26 ± 0.08 3.0 ± 4.72 2.5 ± 1.00 
 5' H2SO4  66.5 ± 6.19 1.70 ± 0.31 27.0 ± 6.21 6.5 ± 1.91 
 10' H2SO4  86.5 ± 1.91 1.38 ± 0.15 11.0 ± 2.00 2.5 ± 3.00 
 15' H2SO4  91.0 ± 3.46 1.29 ± 0.12 4.0 ± 2.82 5.0 ± 3.46 
 20' H2SO4  92.5 ± 5.00 1.10 ± 0.04 7.5 ± 5.00 0.0 ± 0.00 
LSDint (P < 0.05) 7.32 ns 6.37 2.28 

Data represent mean ± standard deviation (SD) of four replicates. ns: no significant. 
 

Table 2: Germination and seedling growth of Melilotus species in different NaCl solutions 
Species NaCl  

(dS m-1) 
Germination  
(%) 

MGT  
(day) 

Fresh weight  
(mg plant-1) 

M. officinalis 0 90.5 ± 4.12 1.51 ± 0.29 21.3 ± 1.80 
 5 92.5 ± 5.74 1.60 ± 0.27 18.7 ± 0.70 
 10 87.0 ± 6.21 1.97 ± 0.18 16.3 ± 1.50 
 20 64.0 ± 6.32 3.76 ± 0.38 12.4 ± 2.20 
 30 6.5 ± 5.26 - - 
M. alba 0 89.5 ± 1.91 1.47 ± 0.14 15.8 ± 2.70 
 5 82.5 ± 7.00 1.93 ± 0.14 12.6 ± 0.60 
 10 79.0 ± 3.46 2.16 ± 0.13 11.7 ± 1.60 
 20 33.0 ± 7.39 4.34 ± 0.57 5.8 ± 0.70 
 30 0.00 ± 0.00 - - 
LSDint (P < 0.05) 7.58 ns 2.13 

Data represent mean ± standard deviation (SD) of four replicates. ns: no significant. 
 

 
 
Fig. 1: Mean germination time in relation to dormancy breaking treatments (a) and NaCl levels (b). Bars shows 

standard deviation (SD) of four replicates. Letters on each bar represent significance level at P < 0.05. 
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Discussion: 
 
Control seeds of both M. officinalis and M. alba showed that they had very low germination percentage as 

4.0% and 6.0% under optimum conditions, which suggests a good evidence for seed dormancy. Ghaderi-Far et 
al. (2010), Al-Sherif (2009) and Guan et al. (2009) stated that scarified seeds of Melilotus species were used to 
evaluate germination performance and seedling growth; however, Stoker (1964) coumarin content of M. alba 
seeds plays an inhibitor role in germination.  

Mechanical and acid scarification improved seed germination of both species. Mechanical scarification 
gave the highest germination percentage in M. alba while application of sulfuric acid for 15 minutes increased 
germination of M. officinalis much more than other applications. Both scarification methods were effective to 
increase germination and decrease dormancy induced by hard seed coat. Also, seed germination enhanced when 
exposure time for H2SO4 increased. Hard seed percentage was negatively associated with germination 
percentage and increased in hard seed resulted in reduced germination percentage. Furthermore, no swollen seed 
was counted in control seeds but it significantly increased after scarification. The first action of hard seed coat is 
an obstacle to inhibition of water uptake, which is essential for germination (Roberts 1974; Dittus and Muir 
2010). Several treatments like chemical and mechanical have been improved for breaking dormancy caused by 
hard seed coat and helpful results have been achieved by Ghaderi-Far et al. (2010) in M. officinalis, Patane and 
Gresta (2006) in Astragalus hamosus L. and Medicago orbicularis (L.) Bartal., Hay et al. (2010) in Trifolium 
ambiguum M. Bieb., Sadeghi and Khaef (2012) in three annual medics. Our results confirmed the findings of 
these researchers which beneficial effects of scarification on seeds of M. officinalis and M. alba occurred.   

After the efficient scarification method was determined, germination behaviors of Melilotus species under 
salt stress were investigated. Seeds of the species were scarified in H2SO4 for 20 minutes and germinated at 
NaCl levels of 5, 10, 20 and 30 dS m-1. Increased NaCl levels considerably reduced germination percentage, but 
mean germination time was delayed by increasing NaCl levels. Apparently, M. officinalis germinated better than 
M. alba under salt stress conditions. Similar results were noted in Melilotus species by Rogers et al. (2008), who 
determined that germination and seedling growth were reduced in high salinity with varying responses for 
Melilotus species while Melilotus siculus Vitman showed higher tolerance to salinity among 19 Melilotus 
species. Seedling fresh weight was severely influenced by increasing NaCl stress; however, no seedling growth 
was detected at 30 dS m-1. M. officinalis produced heavier seedling than M. alba. Similarly, our findings agree 
with those of Roger et al. (2008), Guan et al. (2008), Ghaderi-Far et al. (2010), Al-Sherif (2009), who found a 
dramatic reduction in seedling growth of different Melilotus species with increasing salinity.  

In conclusion, it was determined that there existed highly dormancy in seeds of both M. officinalis and M. 
alba. Mechanical scarification with sandpaper greatly promoted germination and declined the number of hard 
seeds. However, sulfuric acid for 15 or 20 minutes showed a good validation for alleviating dormancy induced 
by hard seed coat, particularly in seeds of M. officinalis. Therefore, scarified seeds eliminate adverse effect of 
seed coat and provide more rapid germination by removing hard seed coat. Both protocols should be advised to 
improve germination of Melilotus species.   
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