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Abstract  

 

Adequate seed vigour tests are fundamental in evaluating vigour level and consequent performance of seed lots in storage and in the 

field conditions. The accelerated ageing is one of the most important of these tests. To establish the best accelerated ageing procedure 

for evaluating the vigour of crambe seeds, we compared results from the traditional method (ageing periods of 24, 48, and 72 hours at 

temperatures of 41 and 45 °C) and the saturated salt accelerated ageing (SSAA) (NaCl) method. In addition to accelerated ageing, 

germination in a sand substrate, seedling emergence in laboratory, and seed moisture content before and after seed ageing were 

determined. Our first count was highly sensitive in detecting seed vigour level. Both the traditional and SSAA methods can be used 

to efficiently classify the vigour of crambe seed lots and could be promising techniques for crambe seed quality control programs. To 

evaluate vigour of crambe seed lots, the traditional accelerated ageing test should be executed for 48 hours at 41 °C and the SSAA 

method, for 24 hours at 41 or 45 °C.  Seedling assessment should be carried out on the fourth day for both methodologies. 
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Introduction 

 

The genus Crambe is a member of the Brassicaceae family 

and comprises more than 30 species found mainly in the 

Mediterranean, Euro-Siberian, and Turkish-Iranian regions. 

The only cultivated species is Crambe abyssinica (Hochst. 

Ex R.E. Fr.), which is grown in the United States and Europe 

for hay (30 to 32% of raw protein) and erucic acid, which is 

used as a biodegradable replacement for mineral oils (Desai, 

2004). Although studies are scarce, this oleaginous species is 

an attractive crop mainly because of its rusticity, short crop 

cycle (about 90 days), low production cost and high potential 

for biofuels (oil seed content = 26 - 38%) , although the 

studies about it are scarce until today (Paulose et al., 2010). 

Successful cultivation of crambe starts with establishing the 

right plant population in the field. This in turn requires seeds 

of high sanitary and physiological quality. Yield reductions 

may be indirectly connected to low seed vigour if the 

resulting plant population does not meet minimum standards 

required for that crop (TeKrony and Egli, 1991; ISTA, 2000; 

Marcos-Filho, 2005).  Seed lots with similar germination 

rates frequently exhibit different physiological performance 

in the field, resulting in seedlings with different levels of 

vigour, particularly under stressful environmental conditions. 

Therefore, developing standardized and reproducible 

methods of testing the vigour of crop seed lots is essential 

(Vieira et al., 2003; Kikuti and Marcos-Filho, 2008). 

Accelerated ageing is a vigour test that subjects seeds to high 

temperature and moisture levels. The degree to which these 

environmental conditions affect seed performance depends 

on the initial physiological potential of the seed lot. Unlike 

low vigour seeds, high vigour seeds will maintain 

performance even after exposure to these stressful conditions. 

The accelerated ageing test is influenced by a number of 

factors such as seed moisture, sample size, ageing 

temperature, and test exposure time. Reliable results depend 

on adequate temperatures (species dependent) that are 

carefully monitored and maintained to avoid variations that 

could significantly affect results (Panobianco and Marcos-

Filho, 1998; Marcos-Filho, 1999a; TeKrony, 2003). Seed 

exposure times at pre-established temperatures have been 

determined to differentiate the physiological potential of seed 

lots of small seed species such as onions (72 hours at 41 °C) 

(TeKrony, 1995), cauliflower (48 hours at 41 °C) (Kikuti and 

Marcos-Filho, 2008) and cabbage (48 hours at 42 °C) (Costa 

et al., 2008). Relative humidity is maintained at high levels 

(usually close to 100%) during the ageing process. Under 

these conditions, seeds, especially small ones, deteriorate 

substantially and germination rates drop drastically.  

Therefore, alternative procedures for the accelerated ageing 

test have been investigated for these species (Powell, 1995; 

Panobianco and Marcos-Filho, 1998). Relative humidity in 

saturated salt accelerated ageing - SSAA is lower than that of 

the traditional procedure. Replacing pure water with a 

saturated salt solution means that seeds absorb less water, 

which slows ageing process (Jianhua and McDonald, 1997). 

The test has been widely studied and found efficient for 

brassicas (Costa et al., 2008), melon (Torres and Marcos-

Filho, 2003), arugula (Ramos et al., 2004), pumpkin and 

zucchini (Dutra and Vieira, 2006), and beetroot (Silva et al., 
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2006). Although studies on the SSAA test are relatively 

numerous, some factors affecting the precision of results such 

as temperature and seed ageing duration must still be 

determined for several species, and methods should be 

standardized. Therefore, the objective of this study was to 

establish the best accelerated ageing procedure for evaluating 

the vigour of crambe seeds.  

 

Results  
 

Characterization of physiological potential 

 

Initial characterization of the seed lots showed that eight out 

of the ten lots germinated at rates higher than the minimum 

(80%) established for the commercialization of crambe seeds 

(Table 1).  Lots 9 and 10, however, germinated at 69 and 

49%, respectively. Seed moisture levels before seed ageing 

varied between 7.8 and 8.6% (Table 1). This relatively 

narrow variation is essential for consistent results are to be 

expected (Marcos-Filho, 1999b). 

The results of the first germination count showed that the 

vigour of lots 1, 2, 3, 4, and 5 was classified as high whereas 

the vigour of lots 9 and 10 was classified as low (Table 1). 

This test was efficient at detecting differences among seed 

lots and made it possible to classify seed lots into four vigour 

categories. These results agree with those from a study on 

brassicas (Costa et al., (2008), which concluded that the first 

germination count could be used to detect small differences 

in the physiological potential of seed lots. The laboratory 

seedling emergence test produced data that were consistent 

and comparable with other parameters and could be used to 

classify the 10 seed lots into four vigour levels (Table 1).   

Considering all the evaluation tests, lot 1 was classified as of 

high vigour and lot 10 as low vigour (Table 1).  

 

Accelerated ageing test: traditional and saturated salt 

solution methods 

 

The traditional method of accelerated ageing test caused the 

crambe seeds to gain moisture throughout the ageing process 

with the greatest gain during the first 24 hours (Table 2). 

Table 2 shows that during the first period, seed moisture 

content increased by approximately 18 percentage points 

whereas in the next 48 and 72 hours the gains were 

respectively, of seven and three percentage points (Table 2). 

All the seed lots had similar moisture content before and after 

seed ageing procedure and within the variation limits 

recommended for reliable results (Marcos-Filho, 2005).   

Results on the 4th day of the accelerated ageing test at 41 

°C and three exposure times (24, 48 and 72 hours) showed 

that 24 hours of ageing allowed classification into three 

vigour levels. Lots 1, 3, 5, and 7 were the best, indicating the 

high quality of these lots and corroborating the results of the 

initial germination count (Table 3). Seed ageing for 48 and 

72 hours showed that the seed lots could be classified into 

four vigour levels, similar to the results of the first count 

(Table 3). These ageing periods led to the classification of lot 

1 as high vigour and lots 3, 9, and 10 as low vigour. Seventy-

two hours of exposure may have drastically affected some 

seeds and severely reduced germination (as observed for lots 

2 and 9, Table 3). Therefore, 48 hours of seed ageing at 41 

°C appeared to provide the best conditions for detecting 

differences in the physiological potential of crambe seed lots.  

Kikuti and Marcos-Filho (2008) studied cauliflower seeds 

and also found that seed ageing for 48 hours produced more 

consistent results than did 72 hours.               

Given the low values found on the 4th day, another evaluation 

was made on the 5th day, which showed even lower 

sensitivity for detecting differences in vigour level (Table 3). 

On the 5th day, the seed lots could only be classified into only 

two (24 and 48 hours) and three (72 hours) vigour levels 

(Table 3).  

The effects of the 45 °C treatment were more drastic than 

those caused by longer exposure times (Table 4). At 24 

hours, the seed lots were grouped into three levels with lots 1 

and 3 classified as vigorous (Table 4). The 24 hour period 

was efficient since it produced lot classifications that were 

similar to those of the first germination count. Seed ageing 

for 48 hours at 45 °C drastically reduced seed germination 

and when the period was extended to 72 hours at 45 °C, some 

seed lots completely failed to germinate (Table 4).   

Evaluations on the 5th day also revealed low germination 

rates, possibly indicating severe seed damage due to higher 

temperature (45 °C) and longer exposure (Table 4). The 24 

hour period allowed high germination rates, but had low 

sensitivity for differences in vigour as only two levels were 

found.  

The saturated salt accelerated ageing (SSAA) test produced 

better results than those of the traditional procedure (Table 5) 

in which evaluations were made only at the first count (fourth 

day) since the effects of the test were less damaging to the 

seeds. The SSAA test at 41 °C and 24 hours allowed 

differentiation of five vigour levels of which lot 1 was the 

most vigorous and lot 10 the least (Table 5). This procedure 

was highly sensitive for detecting small differences in the 

vigour of crambe seeds.  

The 48 hour period was unsatisfactory because it allowed 

classification of only two groups (Table 5). The results of the 

72 hour period, however, were similar to those of the 

seedling emergence in laboratory test with four vigour levels 

and good discrimination between similar samples (Table 5).   

The accelerated ageing with saturated salt solution test at 45 

°C was also efficient at classifying crambe seed lots but 

severely affected germination rates relative to the same test at 

41 °C (Table 5). Similar to the test at 41 °C, ageing for 24 

hours stratified the seed lots into five vigour levels. The 48 

and 72 hour periods yielded five vigour levels but with severe 

reductions in germination rates that could compromise test 

results.   

Seed moisture content after the SSAA test was lower than 

that of the traditional method (Table 2). It should also be 

considered that this procedure resulted in seed moisture 

contents more uniform than those of the traditional method – 

the variation among seed lots was of only 2 percentage points 

(Table 2). Thus, the traditional accelerated ageing test of 

crambe seeds should be carried out for 48 hours at 41 °C, 

whereas the saturated salt solution method should be 

performed for 24 hours at either 41 or 45 °C. Seedling 

assessment should be carried out on the fourth day for both 

tests. 

 

Discussion 

 

The high germination rates of the crambe seed lots (Table 1) 

recommend seed vigour testing since, as argued by Marcos-

Filho (1999b), vigour tests are even more useful and efficient 

when the seed lots under examination produce high and 

consistent germination results. Similar initial moisture levels 

for crambe seeds (6.5 to 9.4%) were found by Masetto et al. 

(2009) and Werner et al. (2013). The success of the first 

germination count (Table 1) might be explained by the fact 

that one of the first physiological characteristics affected by 

seed  deterioration  is germination speed. The  advantages of  
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Table 1. Initial seed moisture content (SMC), germination (GE), first germination count (FC) and seedling emergence in laboratory – 

soil substrate (SEL) of ten lots of crambe seeds. 
Lots SMC GE FC SEL 

 ------------------------ % ---------------------- 

1 8.5 94 a1 71 a 82 a 

2 8.0 87 a 78 a 67 b 
3 8.0 82 a 80 a 73 b 

4 8.6 88 a 79 a 69 b 

5 8.1 86 a 74 a 62 c 
6 8.2 86 a 58 b 81 a 

7 8.0 96 a 68 b 59 c 

8 8.4 87 a 52 c 58 c 
9 8.2 69 b 27 d 44 d 

10 7.8 49 c 38 d 44 d 

F Test  21.31** 16.08** 9.54** 
CV  12.79% 8.42% 13.37% 

1Means in the same column followed by the same letter are not significantly different according to the Scott-Knott test at 5% probability. **Significant according to the F 

test at 1% probability. CV: Coefficient of Variation. 

 

Table 2. Initial seed moisture content (SMCi) and moisture content after traditional accelerated ageing (AA) and saturated salt 

solution accelerated ageing (SSAA) at 41 and 45 °C and 24, 48, and 72 hours of exposure for ten lots of crambe seeds. 

Lots SMCi 
AA - 41 °C AA - 45 °C SSAA - 41 °C SSAA - 45 °C 

24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h 

1 8.5 25.9 31.6 34.3 27.6 33.0 33.9 9.4 9.4 9.4 9.4 10.8 9.1 

2 8.1 27.6 31.2 35.4 26.7 32.9 34.6 10.4 9.5 9.9 9.2 10.1 9.3 
3 8.0 27.0 33.7 34.8 27.0 32.4 36.6 10.6 9.6 9.6 8.8 9.4 9.2 

4 8.6 25.4 32.1 36.1 28.6 31.2 34.5 10.0 11.9 10.0 9.1 10.2 9.0 

5 8.0 24.5 30.2 33.9 28.2 31.1 33.2 10.5 9.4 9.7 9.6 10.1 8.8 
6 8.2 27.4 29.7 34.3 28.2 32.8 34.5 9.9 9.8 9.7 9.6 10.0 9.1 

7 8.1 25.7 33.3 36.5 27.1 31.7 32.9 10.3 9.4 9.5 9.4 10.2 9.0 

8 8.5 26.7 34.2 37.2 27.4 32.2 33.6 10.1 9.7 9.5 9.1 10.3 9.3 
9 8.4 28.2 32.9 36.0 30.0 33.5 35.2 10.1 10.0 9.8 10.2 11.1 9.2 

10 7.8 27.9 33.2 35.5 28.9 35.0 36.8 10.5 9.5 10.0 9.4 9.8 9.2 

 

Table 3. Germination of ten lots of crambe seeds after accelerated ageing (AA) at 41 °C for 24, 48, and 72 hours with results 

evaluated at 4 and 5 days after seed sowing. 

Lots 
AA - 41 °C (4th day) AA - 41 °C (5th day) 

24h 48h 72h 24h 48h 72h 

 ---------------------------------- % --------------------------------- 

1 89 a1 86 a 66 a 94 a 89 a 79 a 

2 54 c 47 d 27 d 73 b 71 b 43 c 
3 85 a 72 b 56 b 93 a 91 a 84 a 

4 71 b 54 c 42 c 89 a 81 a 76 a 

5 81 a 61 b 36 c 92 a 87 a 70 b 
6 67 b 68 b 53 b 85 a 86 a 81 a 

7 84 a 78 a 51 b 91 a 84 a 65 b 

8 71 b 65 b 41 c 86 a 76 b 79 a 
9 61 c 38 d 28 d 68 b 63 b 47 c 

10 58 c 45 d 33 d 69 b 69 b 50 c 

F Test 18.48** 26.01** 23.96** 11.65** 10.30** 16.87** 
CV 7.95% 9.75% 12.55% 7.04% 7.41% 11.02% 

1Means in the same column followed by the same letter are not significantly different according to the Scott-Knott test at 5% probability. **Significant according to the F 

test at 1% probability. CV: Coefficient of Variation. 

 

Table 4. Germination of ten lots of crambe seeds after accelerated ageing (AA) at 45 °C for 24, 48, and 72 hours with results 

evaluated 4 and 5 days after seed sowing. 

Lots 

AA - 45 °C (4th day) AA - 45 °C (5th day) 

24h 48h 72h 24h 48h 72h 

 ---------------------------------- % --------------------------------- 

1 81 a1 49 a 44 a 85 a 77 a 61 a 
2 52 c 55 a 44 a 60 b 67 b 60 a 

3 81 a 51 a 29 b 87 a 83 a 48 b 

4 66 b 52 a 28 b 73 a 70 b 52 a 
5 66 b 35 b 15 c 77 a 61 b 36 b 

6 62 b 57 a 27 b 73 a 75 a 49 b 
7 69 b 32 b 4 d 81 a 48 c 16 c 

8 65 b 26 b 15 c 81 a 67 b 24 c 

9 44 c 17 c 0 d 54 b 28 d 4 d 
10 37 c 13 c 0 d 46 b 28 d 3 d 

F Test 10.53** 13.95** 24.07** 9.57** 10.01** 30.34** 

CV 14.24% 22.38% 28.78% 12.46% 14.85% 26.37% 
1Means in the same column followed by the same letter are not significantly different according to the Scott-Knott test at 5% probability. **Significant according to the F 

test at 1% probability. CV: Coefficient of Variation. 
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Table 5. Germination of ten lots of crambe seeds submitted to accelerated ageing via the saturated salt solution method (SSAA) at 41 

and 45 °C and for 24, 48, and 72 hours.  

Lots 
SSAA - 41 °C SSAA - 45 °C 

24h 48h 72h 24h 48h 72h 

 --------------------------------- %   --------------------------------- 

1 93 a1 81 a 68 a 90 a 76 a 58 a 
2 78 c 70 a 57 b 79 b 26 d 37 b 

3 86 b 78 a 51 b 83 a 56 b 55 a 

4 78 c 72 a 43 c 67 c 50 b 33 b 
5 73 c 75 a 44 c 68 c 41 c 28 c 

6 74 c 76 a 38 c 67 c 52 b 37 b 

7 85 b 73 a 53 b 73 b 73 a 49 a 
8 72 c 64 a 47 b 66 c 56 b 26 c 

9 62 d 41 b 28 d 56 d 40 c 21 d 

10 50 e 33 b 34 d 45 e 27 d 18 d 

F Test 29.42** 21.59** 15.23** 14.12** 20.75** 33.38** 
CV 5.99% 10.52% 12.69% 9.97% 14.74% 13.23% 

1Means in the same column followed by the same letter are not significantly different according to the Scott-Knott test at 5% probability. **Significant according to the F 

test at 1% probability. CV: Coefficient of Variation. 

 

this test include rapidity, ease of execution, and that it can be 

conducted simultaneously with the germination test 

(Nakagawa, 1999; Barros et al., 2002; Marcos-Filho, 2005; 

Matthews et al., 2011). Bhéring et al. (2000) studied 

cucumber seeds and also found that the initial germination 

count could be consistently used to provide preliminary 

information on seed lot vigour. Matthews et al. (2011) also 

reported that the first germination count could be used to 

efficiently classify corn seed lots. The efficacy of the 

seedling emergence test (Table 1) is due to conditions such as 

temperature, moisture, and physicochemical characteristics of 

the substrate that could be controlled and standardized, such 

that, if differences were found, they could be more creditably 

ascribed to differences between the physiological potential of 

seed lots. The rapid increase in seed moisture content 

observed during the first ageing period (Table 2) is explained 

by the low matrix potential of the seeds - the dryer the seeds, 

the faster they absorb water (Bewley and Black, 1994). After 

the traditional accelerated ageing test, variations in seed 

moisture content between lots, given the different 

combinations of temperature and exposure periods, were 

above the acceptable limit of two percentage points (Marcos-

Filho, 1999a) (Table 2). This level of variation could 

compromise test reliability since moistened seeds are more 

conducive to test conditions and subsequent deterioration. 

Nevertheless, this was not observed in the present study 

(Tables 3 and 4). Unlike the traditional test, SSAA 

maintained seed moisture variation between lots within the 

limits proposed by Marcos-Filho, (1999a). The traditional 

accelerated ageing test at 41 °C for 48 hours was shown to be 

promising for the evaluation of crambe seed lots (Table 3). 

Several studies have reported satisfactory results using the 

accelerated ageing at 42 °C and 48 hours for brassica seeds 

such as broccoli (Mello et al., 1999), kale and cabbage (Costa 

et al., 2008). However, Barros et al. (2002) worked with 

tomato seeds and observed that ageing at 41 °C for 48 hours 

could not be used to detect vigour differences between seed 

lots. A study on crambe seeds suggested that temperatures of 

41 or 43 °C led to greater sensitivity when ageing seeds for 

72 hours (Werner et al., 2013). This result contradicts the 

findings of the present study, which showed that deterioration 

is mainly caused by long exposure (72 h) and that shorter 

accelerated ageing periods should be used in the traditional 

method (Table 3). Evaluation on the 5th day after sowing was 

not effective for separating seed lots (Table 3). Therefore, as 

recommended by Marcos-Filho (1999a), the ageing test 

evaluations could be carried out on the date of the first 

germination count. The severe seed damage caused by ageing 

at 45 °C (Table 4) was also reported for common beans 

(Bertolin, 2011), and cauliflower seeds (Kikuti and Marcos-

Filho, 2008) where germination was greatly reduced after the 

48 hour period and no germination was observed after the 72 

hour period.  The high germination rates observed under 

SSAA (Table 5) may result from the salt (NaCl) used in this 

method that reduces relative air humidity inside the plastic 

germination box to approximately 76%. Lower humidity in 

turn causes slower water absorption (Jianhua and McDonald, 

1997), which is reflected in seed moisture content (Table 2). 

Reduced water absorption and less intense deterioration lead 

to less severe and more consistent impacts on seeds 

(Panobianco and Marcos-Filho, 2001).   

Therefore, SSAA is a useful alternative for evaluating 

crambe seed lots given that crambe seeds are small and 

typically more sensitive to high temperatures and humidity. 

In addition,  according to Marcos-Filho (2005), SSAA 

suppresses microorganism development due to lower seed 

moisture levels. Exposing the seeds for 24 hours at 41 and 45 

°C allowed successful discrimination of seed lot vigour. 

Similar to the results of a study on carrot seeds (Rodo et al., 

2000), the saturated salt solution ageing method led to lower 

and more uniform moisture content in crambe seeds (Table 

2). These results show the advantages - reduced deterioration, 

less drastic and more uniform results - of using the SSAA 

method for small seeds instead of the traditional method. 

The saturated salt solution procedure was found to be 

efficient for several small seeded species such as green 

pepper (Panobianco and Marcos-Filho, 1998), carrot (Rodo et 

al., 2000), melon (Torres and Marcos-Filho, 2003), lentil 

(Freitas and Nascimento, 2006), radish (Avila et al., 2006), 

and wild radish (Nery et al., 2009). 

 

Materials and Methods  
 

Seeds 

 

Ten seed lots of crambe cv. FMS Brilhante were used with an 

initial seed moisture content varying between 7.8 and 8.6% 

(fresh weight basis). The seed lots were kept in impermeable 

packages during the experiment period and stored in a cold 

room at 10 °C and 60% relative humidity (RH). 

 

Determining seed moisture  

 

Seed moisture was determined by the oven method in which 

2 g of seed subsamples were maintained at 105 ± 3 °C for 24 

hours (Brasil, 2009). These measurements were carried out 

before and after seed ageing and expressed as percentages 

(wet basis). 
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Germination test 

 

Four replications of 50 seeds for each lot were placed inside 

11  11  3.5 cm plastic germination boxes with 

approximately 300 g of a sieved and sterilized sand substrate. 

Fifty seeds were then distributed over the sand surface and 

covered with a sand layer approximately 0.5 cm thick. The 

substrate had been previously wetted with enough 0.2% 

KNO3 to raise the sand moisture level to 70% of its water 

holding capacity. The germination test was carried under 

alternating temperatures of 20 and 30 °C and a photoperiod 

of 12 hours. Evaluation took place four and seven days after 

the beginning of the test. The results were expressed as 

percentages of normal seedlings (Brasil, 2009). 

The first germination count was conducted simultaneously 

with the germination test. The percentage of normal seedlings 

found on the fourth day after germination was considered as 

the result of this test (Nakagawa, 1999).   

 

Accelerated ageing test – traditional method 

 

Five grams of seed from each lot were spread in a single 

layer over a stainless steel screen inside plastic germination 

boxes (11  11  3.5 cm). Water jacket ageing chambers with 

40 mL of deionized water were also placed within the boxes. 

These boxes were then maintained at 41 and 45 °C for 24, 48, 

and 72 hours. Afterwards, a germination test was performed 

as previously described. Evaluations were made at four and 

five days after seed sowing and the results were expressed as 

a percentage of normal seedlings.  

 

Accelerated ageing test with saturated salt solution 

 

The procedures in the SSAA test were the same as those in 

the traditional method except that the 40 mL of deionized 

water was replaced with the same volume of a saturated salt 

solution (40 g of NaCl in 100 mL of water) (Jianhua and 

McDonald, 1997). This solution produced a relative humidity 

of approximately 76% within the germination boxes. The 

results were expressed as a percentage of normal seedlings.  

 

Seedling emergence in laboratory test 

 

The test was conducted in 16  27  9.0 cm germination 

boxes containing 1,000 g of sieved soil that had been 

previously moistened to 70% of water holding capacity. Four 

replications of 50 seeds each were sown at a depth of 2 cm.  

Water was added to the boxes every day. The boxes remained 

inside the laboratory without temperature or humidity 

controls. During the test, the mean temperature of the seed 

laboratory was of 23 °C with a minimum of 15°C and a 

maximum of 32 °C. Fourteen days after sowing, emerged 

seedlings with hypocotyls 1 cm above the substrate were 

counted. The results were expressed as a percentage of 

emerged seedlings (Nakagawa, 1999).  

 

Statistical procedure 

 

Statistical analysis was performed separately for each test and 

each variable of the ageing test and was completely 

randomized with four repetitions. Data were submitted to 

analysis of variance via the F test. Means were compared by 

the Scott-Knott test at the 5% level of probability (Banzatto 

and Kronka, 2006).  

 

 

Conclusion 

 

Our results showed that the traditional method for accelerated 

ageing of crambe seeds should be executed for 48 hours and 

at 41 °C, whereas the saturated salt solution method should 

be performed for 24 hours at either 41 or 45 °C. Seedling 

assessment should occur on the fourth day regardless of 

methodology.  
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