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ABSTRACT 

There is a little information about accelerated ageing on medicinal plants. The main object of this study 

was to study effect of accelerated ageing on germination and primary growth attributes of lemon balm 
(Melissa officinalis).The laboratory and greenhouse experiments were conducted in East Azarbaijan, 

Tabriz, Iran, using two lemon balm cultivars of Arasbaran and Astaraat four accelerated ageing periodsof 

1, 3, 5 and 7 hours under constant temperature of 40 
o
C. Seeds receiving no prior treatment served as 

control.To formulate the relationship among four independent variables in lemon balm with a dependent 
variable, multiple regression analysis was carried out.In our study when exposure period of seed ageing 

increased, final germination percentage reduced significantly, and both of studied cultivars responded 

same to ageing treatments. Germination rate can be reduced intensively by seed storage periods with the 
same trend of final germination percentage. Seedling vigor index negatively and significantly responded 

to seed ageing treatments as compared to non-stored one. We concluded that storage periods could be a 

problem, especially when the seed lots are kept under un-favorable conditions like high temperature. 
However, under these storage conditions, some of medicinal plant species will only survive a very short 

time. The stepwise regression analysis verified that the final germination percentage and seedling length 

had a marked increasing effect on seedling vigor indexof lemon balm cultivars. 
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INTRODUCTION 
One vigor test in plant seeds is the accelerated aging test. Seed companies use this test to decide which 

seed lots to save for sale from one year to the next. Obviously, seed lots that are vigorous and will not 

lose germination percentage are the ones that seed companies want to save. In this test, seed is artificially 
aged by placing it in a warm and humid chamber (Roberval and Maristela, 2007). These variables are 

known to cause rapid seed deterioration. Seed lots with high vigor should be able to withstand stress 

conditions and deteriorate at a slower rate than lots with poorer vigor. Bara and Iqbal (2000) have found 

that accelerated aging to be a valuable aid in assessing the quality of cotton seeds when compared with 
standard germination testing. 

Germination rate is related to seed vigor. High vigor seeds have high germination rate whereas low vigor 

seeds show low germination rate. Frequently aged seeds have low vigor and low germination rate. Seeds 
deterioration leads the seeds to lose their viability and at the end to seeds death (Bradford, 2004). In a 

research study conducted by Aghilian et al., (2014) storage period had different effects on germination of 

different medicinal plant species. Nine species showed reduction in their germination percentage during 

storage. 
Accelerated ageing researches have been conducted on soybean, Brassica spp., barley, sunflower, beans, 

clovers/alfalfa, corn, wheat, and grasses. But there is a little information about this area on medicinal 

plants. The main object of this study was to study effect of accelerated ageing on germination and primary 
growth attributes of lemon balm (Melissa officinalis). 

 

MATERIALS AND METHODS 
The laboratory and greenhouse experiments of lemon balm (Melissa officinalis) were performed both in a 

completely randomized design in Research institute of East Azarbaijan, Tabriz, Iran, using two lemon 
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balm cultivars of Arasbaran and Astara and at four accelerated ageing periods as 1, 3, 5 and 7 hours under 

constant temperature of 40 
o
C. Seeds receiving no prior treatment served as control. The seeds of lemon 

balm used for this study were obtained from Seed Improvement Institute, Karaj, Iran. The moisture 
content of the seed was 16 %. There were four replications of each ageing period.  

Prior to sowing, the seed lots were surface sterilized with a 5% sodium hypochloride (NaOCl) solution for 

5 min. to avoid fungal invasion and then washed immediately with distilled water. Petri dishes and filter 
papers were also disinfected by NaOCl and UV radiation for 24 hours in a sterile hood before their 

treating. For each treatment, 25 treated seeds in 9-cm Petri dishes were placed into a germinator with 

25±1 °C temperature for 14 days. Two days after beginning of experiment, germinated seeds were 

counted daily. In this experiment a seed germinated was defined as when at least 5 mm of radical 
emerged. The recorded data in the laboratory experiment were final germination percentage (FGP), mean 

daily germination (MDG) and germination rate (GR), and in the greenhouse experiment were seedling 

length and seedling vigor index (SVI). 
FGP was calculated as the cumulative number of germinated seeds with normal radicles by using below 

equation, as described by Larsen and Andreasen (2004). 

FGP = Σn / N × 100 
Where, n is number of germinated seeds at each counting and N is total seeds in each treatment. 

MDG calculated by the below equation. 

MDG= FGP/d 

Where, d is the day with maximum germination.  
GR also calculated by the equation as described by Maguire (1962).  

ΣNi/Ti      GR= 

Where, Ni is daily germinated seeds, and Ti is the days after beginning of experiment. 
SVI was calculated according to Abdul-Baki and Anderson (1973) by using below equation.   

 SVI = SL ×FGP 

Where, SL is seedling length of lemon balm.  

Statistical Analysis 
All data were statistically analyzed based on completely randomized design using MSTAT-C software. 

The means of the treatments were compared using the least significant difference test at * P < 0.05.  

Stepwise Regression Analysis  
To formulate the relationship among four independent variables in lemon balm with a dependent variable, 

multiple regression analysis was carried out for the FGP (X1), MDG(X2), GR (X3), and seedling length 

(X4)as independent variables and SVI as a dependent variable.  
Furthermore, the stepwise regression analysis was also carried out for the data obtained to test the 

significance of the independent variables affecting the SVI.  

 

RESULTS AND DISCUSSION 
Effect of accelerated ageing on germination and primary growth attributes of lemon balm (Melissa 

officinalis) has been indicated in Table 1. Interaction of factors on all studied variables of lemon balm was 

significant. 
 

Table 1: Analysis of variance for accelerated ageing effect on germination and primary growth 

attributes of lemon balm 

SV df FGP MDG GR SL SVI 

  Mean squares 

Variety 1 0.032 0.359 0.254** 2.216** 12.371** 

Accelerated ageing 4 0.301** 1.259** 0.758** 4.133** 16.102** 

Interaction 4 0. 082** 0.596* 0.260** 0.953** 3.125* 

Error 30 0.0142 0.200 0.0217 0.136 0.900 

CV (%) - 12.34 9.99 5.97 9.76 10.60 

*, ** mean significant difference at 5% and 1% probability levels respectively 
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Researchers designed the study to understand the effects of storage on seed quality and the seed’s ability 

to emerge and establish a productive plant under field conditions. In our study when exposure period of 

seed ageing increased, FGP of lemon balm reduced significantly, and both of studied cultivars 
respondedsame to ageing treatments (Figure 1).  

The averaged FGP from non-primed seeds was nearly 84.5%, but only 35% from seeds under 7 hours 

ageing period. Priestly and Leopold (2009) in their study on soybean understood that viability of stored 
seeds based on storage length could be reduced significantly.  

Ageing denotes the progression of deteriorating events that take place within the seed and which 

ultimately lead to the death of the seed. It seems that due to storage, activity of enzymes responsible to 

seed survival such as amylase, catalase, peroxidase and glutamic acid may be decrease and finally it effect 
on germination characteristics (Goel et al., 2003).  

Also, MDG of lemon balm seed lots ranged from 3.4% in those seeds aged due to 7 hours up to 6.4% in 

control and 1 hour treatments (Figure 2). In field testing of the stored seed lots, emergence of all seeds 
basically stopped when day time temperatures exceeded 100 degrees. As day time high temperatures 

dropped into the low 90s, emergence began again. Seed stored in the air-conditioned site emerged best 

and seed stored at the on-farm site had the worst emergence (De Figueiredo et al., 2003).  

The data shows that GR can be reduced intensively by seed storage periods with the same trend of FGP as 

observed above (Figure 3). 

Biochemical processes are generally slowed down at low temperature. In the present study, a further 

increase in exposure time of ageing could restrict GR. Producing non-vigorously seedlings was also 
registered for soybean seed lots when higher exposure times of ageing used for seed priming (Vieira et 

al., 2001).  

 

 
Figure 1: Interaction of cultivar and accelerated ageing treatments on FGP 
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Figure 2: Interaction of cultivar and accelerated ageing treatments on MDG 

 

 
Figure 3: Interaction of cultivar and accelerated ageing treatments on GR 

 

In the pot experiment, maximum seedling length (12.5cm) was noticed in non-primed seeds of Arasbaran 
(12.5 cm) followed bythe Astara(11.6 cm), and the lowest (6.5 cm) obtained from averaged of 5-7 hours 

treatments (Figure 4). Aged seeds with reduced vigor typically germinate slowly, produce small or 

abnormal seedlings, and have little resistance to stress. 
Seed vigor is very important, especially under less-than-ideal planting condition. Vigor does not stay 

constant in medicinal plants seed lots. It tends to decline in storage over time, especially for seed to be 

used. In the present study, SVI negatively and significantly responded to seed ageing treatments as 

compared to non-stored one. The data shows that SVI can be decreased by seed deterioration periods 
(Figure 5). Accelerated ageing was initially developed as a test to estimate the longevity of seed in 

commercial storage and has been used to predict the life span of a number of different species. The test 

has subsequently been evaluated as an indicator of seed vigor in a wide range of crop species and has 
been successfully related to field emergence and stand establishment. Surveys of seed testing laboratories 

have shown that the accelerated ageing test is one of the most frequently used vigor tests. Obviously, in 

these conditions that seeds were aged artificially the rate of respiration will be greater than normal 

conditions (Usberti et al., 2006).  
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Figure 4: Interaction of cultivar and accelerated ageing treatments on seedling length 

 

 
Figure 5: Interaction of cultivar and accelerated ageing treatments on SVI 

 

We concluded that storage periods could be a problem, especially when the seed lots are kept under un-
favorable conditions like high temperature. However, under these storage conditions, some of medicinal 

plant species will only survive a very short time.  

Stepwise Regression Analysis  
Standard regression coefficients, T values and probability levels of model of SVI in lemon balm are 

indicated in Table 2. The resulted stepwise regression equation forlemon balmcultivars is shown as 

follows: 
SVI = 5.87 (X1) + 0.09 (X4), R

2
 = 75 

 

Table 2: Standard regression coefficients, T values and probability levels of model of seedling vigor 

index in lemon balm 
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The stepwise regression analysis verified that the FGP and seedling length had a marked increasing effect 

on SVIof lemon balm cultivars. 
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