
Communicated by Grzegorz Żurek 

Volume 78 2018 
P L A N T  B R E E D I N G  A N D  S E E D  S C I E N C E  

Mehdi Aghighi Shahverdi1, Heshmat Omidi2* 

1Faculty of Agriculture, Shahed University, Tehran, Iran; 
2Agricultural College and Medicinal Plant Research Center, Shahed University, Tehran, Iran;  

Corresponding author’s e-mail: heshmatomidi@yahoo.com ; omidi@shahed.ac.ir 

DETERMINATION OF OPTIMUM CONCENTRATION AND TIME PRIMING  
OF STEVIA SEED WITH BORIC ACID (H3BO3)  MICRONUTRIENT 

ABSTRACTS 

In order to determine anoptimal duration and concentration of priming of stevia seed with boric acid for improv-
ing germination, an experimental factorial completely randomized design with three replications was conducted in 
the laboratory of Seed Science and Technology, Shahed University of Tehran in 2015. The first factor was different 
concentrations of boric acid (zero, 0.5, 1, 1.5 and 2 percent) and the second factor of priming time (0, 8, 16, 24 and 32 
hours). Effects of concentration and duration of priming with Boric acid was significant on germination percentage, 
germination mean time, germination rate, germination energy, germination uniformity, germination mean daily, 
germination daily rate, germination value, seedling length and seed vigor index. The highest germination percentage, 
germination rate, germination energy, germination mean daily germination value and seed vigor index was 24 hours 
priming and the highest germination percentage, germination rate, germination potential, germination value and seed 
vigor index in priming of 2% Boric acid were obtained. Germination uniformity highest in 24 hours at 1% concentra-
tion priming of boric acid (5.51). Seedling length in 24 hours at 1.5% concentration priming with boric acid was 
highest average 1.02 cm. Generally Stevia seed priming with boric acid for 24 hours at concentrations of 1.5 to 2 
percent had positive effects on germination indexes and seedling growth. 
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GP — germination percentage MGT —  mean germination time 

GR —  germination rate GE —  germination energy 

GU —  germination uniformity MDG —  mean daily germination 

DGS —  daily germination speed GV — germination value 

SL —  seedling length SVI —  seedling vigor index 
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INTRODUCTION 

There are 17 essential elements for idealistic growth and development of 
plants that are divided into macro- and microelements. In addition to their roles 
as a cofactor in enzymes and redox reactions, Micronutrient elements have sev-
eral important and vital actions in plants (Farooq et al., 2012). More important-
ly, micronutrients are involved in physiologically key reactions of photosynthe-
sis and respiration pathways (Mengel et al., 2001), and lack of those elements 
limits these vital processes and subsequently reduce productivity. For example, 
boron deficiency can decrease wheat (Rerkasem and Jamjod, 2004) Chickpea 
(Johnson et al., 2005) and lentil (Srivastava et al., 2000) productivity. Boric 
acid is one of the necessary elements for normal growth and development of 
several different plants (Abdollahi et al., 2012). Reduced productivity because 
of boron deficiency could be the result of severe disturbance in metabolic reac-
tion involved with this element, like nucleic acid, carbohydrate, proteins and 
indole acetic acid metabolism, cell wall biosynthesis, phenol metabolism, and 
preserving plasma membrane integrity and function (Tanaka and Fujiwar, 
2008). Functionally boron is related to several different process such as using 
calcium, cell division, flowering and fruiting, nitrogen and carbohydrate metab-
olism, disease tolerance, water relationships and specific catalytic reactions 
(Farooq et al., 2012).  

Concentration of priming solution is one of the important factors in seed 
priming by boron element. For example, research on seed priming with boric 
acid solution (concentration of 2-20 mM) has been conducted in Russia, and 
both negative (reduction) and positive (increasing) effects had been reported on 
germination parameters of different crops like rapeseed, sunflower, soybean, 
sugar beet, alfalfa, wheat and barley (Shorrocks, 1997 ; Rehman et al., 2012). 
Significant improvement of germination and primary growth of papaya seedling 
observed when the seeds were primed with boron solution (2 mg/L) for 6 hours 
(Deb et al., 2010). 

There are different types of priming which being used in priming experi-
ments and they include hydro-, halo-, osmo-, thermos- and hormone priming, 
and there are different reports on this matter with different plants and different 
researchers (McDonald, 2000; Iqbal et al., 2012; Rehman et al., 2012; Mirshe-
kari, 2012). Nutri-priming is a relatively new method in which seeds are primed 
by using micro and macronutrients, has been recently focused on (Rehman et al., 
2012; Mirshekari, 2012). Nutrients as fertilizers were used by different methods 
such as soil application, with irrigation water or foliar fertilization (Rober, 2008). 
Using nutrients as a seed treatment by coating and seed priming are other meth-
ods that could be advantageous (Farooq et al., 2012). Seed priming by using 
micronutrients (enrichment) has been reported as one of the best ways to beat 
micronutrient deficiency (Harris et al., 1999). Seed priming with micronutrient 
elements results in higher rate of water adsorption and metabolism and germina-
tion of seeds which consequences could be seen in higher rate of germination, 
improvement of seedling establishment, higher resistance against stress and 
pest, and finally higher productivity (Memon et al., 2013). 
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Stevia (Stevia rebaudiana Bertoni), is a perennial, herbal species of Acetracea 
family (Hossein et al., 2008). Stevia plant has a high sweetening property be-
cause of steviol glycosides (Singh and Rao, 2005) which firstly are not absorbed 
by digestive system and so diabetics can use it freely, and secondly, it is not 
caloric, so it is adequate for fat people who have to care about their daily calo-
rie. Because of its self-incompatibility, stevia pollinate by wind and insects, so 
the percentage of fertilized flowers and liable is low in this plant and the seeds 
have low germination percent (Liopa-Tsakalidi et al., 2012). Although, present-
ed studies shows that there is no agreement for the reason of low germination 
ability of stevia seeds, some researchers introduce self-incompatibility as 
a reason of weak stevia germination (Oddone, 1997; Purohit, 2008), while some 
others report that there are no self-incompatibility in this plant (Goettemoeller 
and Ching, 1999). By the way, weak germination in this plant is an obstacle 
against large scale planting and results in scarce a high price of effective metab-
olite of this plant (Raji et al., 2015). In this research, we aim to study the prim-
ing with boric acid effects on germination parameters of stevia seeds, and deter-
mining best time and favorable concentration of priming solution of this micro-
nutrient element.  

MATERIAL AND METHOD 

This experiment were conducted in the Seed Science and Technology Labor-
atory of Agriculture college of Shahed University, using factorial experiment 
based on a completely randomized design with three replications, in order to 
determine the adequate time and concentration for stevia seed priming with bo-
ric acid in 2015-2016. Priming time and concentration of boric acid solution 
were 0, 8, 16, 24 and 32 hours and 0, 0.5, 1, 1.5 and 2 percent respectively. Ste-
via seeds (Bertoni cultivar) which were produced in the agriculture year of 2013
-2014 were purchased from an Indian company (Global Horticulture Products) 
and disinfected with sodium hypochlorite 10% for 3 min and the rinsed with 
distilled water. At the end of priming process, the seeds were washed with dis-
tilled water and dried for 24 hours in lab. In every petri dish, 25 seeds were 
placed on Watman paper, the 3 ml water were added and to prevent water evap-
oration the cover of the petri dishes were fixed and closed by parafim. Seed ger-
mination process in growth chamber was controlled on 23±2°C, photoperiod of 
18/6 (day/night) and relative humidity of 70±5% (Raina et al., 2013). Counting 
of germinated seeds starts from day 2 in a specific hour (Liopa-Tsakalidi et al., 
2012) and in the end of the experiment, after 11 days, germination percentage 
(Liopa-Tsakalidi et al., 2012) germination speed (Pagter et al., 2009), mean ger-
mination time (Ellis and Roberts, 1981), average germination per day 
(Hoogenboom and Peterson, 1987), daily germination rate (Steohanie et al., 
2005), germination value index (Ghasemi-Golozani and Dalil, 2011), germina-
tion energy (Panwar and Bhardwaj, 2005) and seed vigor index (Biradar et al., 
2007) were calculated according to the equations in Table 1. Data analysis and 
comparison of evaluated parameters were done by SAS 9.1 and Duncan multi-
ple range test at 5%, respectively.  
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Table 1 
The computing relation of the parameters studied in the experiment 

N = sum of germinated seeds at the end of the experiment, M = total planted seeds, T = period of germina-

tion, Ti = number of days after germination, n = number of germinated seeds in Ti, Mcgr= maximum cumu-

lative germination percentage, Ni= Total seeds sown, SL= Seedling Length  

RESULTS AND DISCUSSION 

Germination percentage 

The effect of time period and concentration of boric acid on stevia seeds ger-
mination were significant in P≤0.01 (Table 2). The highest rate of germination 
among the priming times and different concentration of acid boric, was ob-
served for priming time for 24 hours and the concentration of 2% with the aver-
age of 42.66 and 44 percent, respectively (Table 3 and 4). Seed priming with 
boric acid 2% increase germination rate by 35.72 in comparison with control in 
stevia seeds. There was a significant and positive correlation at P≤0.01 between 
germination percentage and germination rate, germination energy, seedling 
length, germination value index, germination uniformity and germination value 
(Table 5). Together, these results indicate that increasing in seed germination 
percent will lead to improvement of seed germination parameters in this plant, 
and finally will result in seed vigor index and germination energy . In agree-
ment with our data, Bayat et al (2014) showed significant and positive correla-
tion between seed germination and seedling length, seed vigor, germination en-
ergy and germination rate. Mirshekari (2012) reported that Anethum graveolens 
L. seed germination with acid boric micronutrient have a significant effect on 
seed germination and boric acid 1.5 % has the highest rate of germination in this 
plant. It should be noted that much higher concentration and longer times for 
seed priming with micronutrients have negative effects on seed germination 
parameters (Mirshekari, 2012). 

 
 
 

Parameters Computing relations 

Germination Percentage GP  = (N × 100)/M 

Germination Rate GR  = ∑ Ni/Ti 

Mean Germination Time MGT =  ∑ (Ni)/∑ N 

Mean of Daily Germination MDG = N/T 

Daily Germination Speed DGS = 1/MDG 

Germination Value GV = GP × MDG 

Germination Energy GE = Mcgr/(Ni × 100) 

Seed Vigor Index SVI = GP × Mean (SL) 
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Table 2 
Summary of variance analysis for effect of times (0, 8, 16, 24 and 32 h) and concentration 

(0, 0.5, 1, 1.5 and 2 %) of priming with boric acid (H3BO3) on  Stevia 
(Stevia rebaudiana Bertoni) seed germination indices and growth seedling 

(GP — Germination percentage, MGT —  Mean Germination of time, GR —  Germination rate, 
GE —  Germination energy , GU —  Germination uniformity, MDG —  Mean daily germination, 
DGS —  Daily  germination speed, GV — Germination value, SL —  seedling length, SVI —  Seedling vigor index)  

Mean germination time 

Base on analysis of variance, the priming time and priming concentration of 
seeds with boric acid have a significant effect on average time required for ger-
mination (Table 2). The highest and lowest required time for germination ob-
served in 32 and 8 hours of priming, respectively (5.65 and 4.50, respectively, Ta-
ble 3). Among different concentration of boric acid, the concentration of 1% 
have the highest required time for germination which belong to the same group 
as 1.5 and 2 percent, but have a significant level of difference with the others 
(Table 4). Average required time for germination has negative correlation and 
significant difference with germination speed and daily germination speed at 
P≤0.01 (Table 5). Seed priming with boron (nutri-priming) have advantageous 
effects on seed germination, mean time of germination, seedling vigor index 
and seedling length (Memon et al., 2013). 

 
 
 
 
 
 
 
 
 

Mean square 

Sources of variance DF GP MGT GR GE GU 

Priming Time (PT) 4 283.94** 2.83** 2.32** 0.00007** 1.21** 

Priming Concentration (PC) 4 579.94** 0.33* 1.97** 0.00018** 1.49** 

PT × PC 16 3.81ns 0.12 ns 0.08 ns 0.00001 ns 0.17** 

Experimental error 48 7.21 0.09 0.05 0.000009 0.002 

Coefficient of variation  [%]  7.41 6.16 11.08 22.09 1.11 

Sources of variance DF MDG DGS GV SL SVI 

Priming Time(PT) 4 2.34** 0.0043** 1.32** 0.092** 5501874.6** 

Priming Concentration (PC) 4 4.79** 0.0006* 2.53** 0.226** 11216896** 

PT × PC 16 0.03 ns 0.0002 ns 0.02 ns 0.001** 60269.3 ns 

Experimental error 48 0.05 0.0001 0.03 0.0006 52007.1 

Coefficient of variation [%]  7.41 6.32 14.83 3.43 7.96 
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Table 3 
Mean comparison of stevia (Stevia rebaudiana Bertoni) seed germination indices 

under effect of different priming time with Boric acid (H3BO3) 

In each column, means having at least one same letter, are not significantly different according to Duncan's 
multiple range test (p≤0.05). (GP — germination percentage, MGT —  mean germination time,  
GR —  germination rate, GE —  germination energy ,  MDG —  mean daily germination, DGS —  daily  
germination speed, GV — germination value, SVI —  seedling vigor index)  

Table 4 
Mean comparison of stevia (Stevia rebaudiana Bertoni) seed germination indices 

under effect of different priming concentration with boric acid (H3BO3) 

In each column, means having at least one same letter, are not significantly different according to Duncan's 
multiple range test (p≤0.05). (GP — germination percentage, MGT —  mean germination time, GR —  germination 
rate, GE —  Germination energy ,  MDG —  mean daily germination, DGS —  daily  germination speed,  
GV — germination value, SVI —  Seedling vigor index) 

Priming time [h] GP MGT [day] GR [seed per day] GE 

0 31.46 d 4.89 b 1.84 c 0.012 c 

8 33.60 c 4.50 c 2.19 b 0.012 c 

16 38.13 b 4.80 b 2.33 b 0.014 b 

24 42.66 a 4.73 b 2.70 a 0.017 a 

32 35.20 c 5.65 a 1.72 c 0.013 bc 

Priming time [h] MDG DGS GV SVI 

0 2.86 d 0.20 b 0.93 d 2135.5 e 

8 3.05 c 0.22 a 1.05 cd 2539.20 d 

16 3.46 b 0.20 b 1.36 b 3029.87 b 

24 3.87 a 0.21 b 1.69 a 3757.87 a 

32 3.20 c 0.17 c 1.15 c 2852.53 c 

Priming 
concentration 

[%] 
GP MGT 

[day] 
GR 

[seed per day] GE 

0 28.26 e 4.76 b 1.69 d 0.010 d 

0.5 32.00 d 4.78 b 1.98 c 0.011 cd 

1 37.06 c 5.12 a 2.09 c 0.013 c 

1.5 39.73 b 4.94 ab 2.38 b 0.016 b 

2 44.00 a 4.97 ab 2.64 a 0.018 a 

Priming 
concentration 

[%] 
MDG DGS GV SVI 

0 2.56 e 0.21 a 0.74 e 1680.80 d 

0.5 2.90 d 0.21 a 0.95 d 2318.67 c 

1 3.36 c 0.19 b 1.26 c 2992.27 b 

1.5 3.61 b 0.20 ab 1.45 b 3590.40 a 

2 4.00 a 0.20 ab 1.78 a 3729.87 a 
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Table 5 
Correlation assessment among stevia (Stevia rebaudiana Bertoni) seed germination indices 

and seedling growth under different concentration and time of priming with boric acid (H3BO3) 

ns, * and **  — non-significant, significant at 5% and 1% respectively 
GP — germination percentage, MGT —  mean germination time, GR —  germination rate, GE —  germination 
energy, GU —  germination uniformity, MDG —  mean daily germination, DGS —  daily  germination 
speed, GV — germination value, SL —  seedling length, SVI —  seedling vigor index 

 

Germination rate  

The effect of time and concentration of seed priming with boric acid on germina-
tion rate was significant at P≤0.01 (Table 2). Seed priming with acid boric for 24 
hours increase germination rate by approximately 33 percent in comparison with 
control (without priming, Table 3). Highest germination rate was observed for seed 
priming with acid boric 2% with average of 2.64 seed per day (Table 4). Except for 
mean time of germination, germination rate has positive and significant correlation 
with other treatments at P≤0.01 (Table 5). Seed priming with micronutrients results 
in higher rate of water adsorption and consequently beginning of metabolism and 
seed germination which consequently produce higher germination rate (Rowse, 
1995). Aghighi Shahverdi and Omidi (2015) reports that stevia seed priming for 24 
hours with gibberellin hormone results in significant increase in germination rate 
and other germination parameters in the seeds of this plant.  

Germination energy 

According to the analysis of variance (Table 2) the effect of time period and the 
concentration of seed priming on Stevia seeds germination energy were significant 
at P≤0.01. Highest germination energy was for 24 hours of seed priming (0.017) 
and the lowest germination energy was for control (without priming = 0 hour) and 8 
hours of seed priming (Table 3). Also, highest germination energy for stevia seeds 
was for boric acid 2% with mean of 0.018, which show 44.44% increasing in ger-
mination energy in comparison to the control (Table 4). Germination energy is one 
of the most important parameters to evaluate quality and power of the seeds, and 

Indices 1 2 3 4 5 6 7 8 9 10 

1-GP 1          

2-MGT 0.09 ns 1         

3-GR 0.85** -0.41** 1        

4-GE 0.99** 0.09 ns 0.85** 1       

5-SL 0.83** 0.20 ns 0.65** 0.83** 1      

6-SVI 0.96** 0.14 ns 0.80** 0.96** 0.93** 1     

7-GU 0.72** -0.17 ns 0.77** 0.72** 0.68** 0.73** 1    

8-MDG 0.99** 0.09 ns 0.85** 0.99** 0.83** 0.96** 0.72** 1   

9-DGS -0.11 ns -0.99** 0.39** -0.11 ns -0.22 ns -0.16ns 0.15 ns -0.11 ns 1  

10-GV 0.99** 0.08 ns 0.85** 0.99** 0.79** 0.95** 0.71** 0.99** -0.11ns 1 
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higher germination energy shows higher quality and power of the seeds (Bayat et 
al., 2015). 

Germination uniformity 

The effect of priming period, concentration and interplay between them on ger-
mination uniformity was significant (Table 2). Studies on the mean of interplay 
clearly indicate that highest germination uniformity was for combination of 24 
hours of priming in boric acid 1%, and the lowest rate of germination uniformity 
observed at priming for 0 and 32 hours in control concentration of boric acid (Fig. 1). 
Farooq et al. (2006) introduce improvement of α-amylase activity ad increasing of 
soluble sugar as the reason for homogenous greening and germination of pretreated 
seeds of rice. 

Fig. 1. Mean comparison of stevia seed germination uniformly in concentration×priming time interaction 
with boric acid (H3BO3). Concentration levels=0, 0.5, 1, 1.5 and 2 percentage, 

Time levels: 0, 8, 16, 24 and 32 h 

Mean of daily germination 

The effect of time and concentration of priming on mean of daily germination 
was significant at P≤0.01 (Table 2). Highest and lowest mean of daily germina-
tion was for 24 hours period priming and control (zero hour), respectively 
(Table 3). Among different concentration, the highest rate of it was observed for 
seed priming with boric acid 2%, which, in comparison with control 
(concentration zero) show 36.5 increasing in mean of it (Table 4).  

Daily germination speed 

According to data analysis of variance (Table 2), the effect of priming time period 
and the concentration of acid boric were significant at P≤0.01and P≤0.05, respective-
ly. Highest speed of daily germination was at 8 hours seed priming with boric acid 
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(Table 3). Also, except for concentration of 1% which has the lowest mean of daily 
germination speed, other concentration treatments have insignificant effect compare 
to each other on this parameter (Table 4). It is reported that low concentrations of bo-
ric acid which is involved with activation of enzymes like phosphatase, amylase and 
so on which are involved in starch metabolism, results in commence of metabolism in 
seeds and increase daily germination speed by this way (Memon et al., 2013). 

Germination value 

Data analysis results showed that the effect of time period and concentration of seed 
priming on germination value parameter for stevia seeds was statistically significant at 
P≤0.01 (Table 2). Seed priming for 24 hours show highest value of seed germination, 
and the control time (without priming) had the lowest mean for this parameter (Table 
3). Among the experimented concentrations, by increasing of concentration, statistical-
ly significant increase was observed for germination value parameter, so that the 0 and 
2% concentration have the lowest and highest mean for this parameter (Table 4). 

Seedling length 

Results analysis of variance (Table 2) showed that the effect of time period, concen-
tration and their interplay (priming time period × priming concentration) on seedling 
length was statistically significant at P≤0.01. Comparing the mean of the effects of 
interplay (Fig. 2) showed that the longest (1.02 cm) and shortest (0.44 cm) seedling 
length observed for 24 hours seed priming with boric acid 1.5% and control (without 
priming), respectively. Material transport in primed seeds is high because of higher 
activity of enzymes involved in sucrose metabolism (sucrose synthase, invertase, su-
crose phosphate synthase), so these seeds have higher biological power and germinate 
quicker and produce plumule and radicle, so clearly have higher seedling length (Kaur 
et al., 2005). 

Fig. 2. Mean comparison of stevia seedling length in concentration × priming time interaction with boric acid 
(H3BO3). Concentration levels=0, 0.5, 1, 1.5 and 2 percentage, Time levels: 0, 8, 16, 24 and 32 h 
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Seed vigor index 

According to results, the effect of priming time period and boric acid concen-
tration for priming on seed vigor index, was statistically significant at P≤0.01 
(Table 2). Among the priming periods, 24 hour of seed priming and control 
have the highest and lowest seed vigor index. Highest seed vigor index gained 
at boric acid concentration of 1.5 and 2 % which was 53% higher than control 
(Table 4). Seed vigor index have a positive correlation and statistically signifi-
cance at P≤0.01 with germination percentage, germination speed, germination 
energy , seedling length, germination uniformity, mean daily germination and 
germination value (Table 5). The importance of seedling vigor for fast estab-
lishment and primary growth of medicinal plant in order to competence for re-
ceiving water, light and minerals were emphasized in the studies of Tabrizian 
and Osareh, 2007. Seed priming with boron micronutrients (H3BO3) and iron 
(FeSO4) resulted in increase of seed vigor index in Anethum graveolens L. 
(Mirshekari, 2012). 

CONCLUSION  

Our results showed that stevia seeds react positively to priming with boric 
acid, and it improved and increased germination parameters in this plant. In or-
der to enhance seed vigor index and percentage and speed of stevia seed germi-
nation, priming with boric acid 1.5 and 2 for 24 hours showed best result in this 
experiment. 
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