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ABSTRACT: Withania coagulans, a traditional medicine plant in Southern Iran has become relatively 
scarce due to over collection. Natural propagation of this species is by seed, but to improve poor 
germination and promote the germination of this medicinal herb, the effects of media and light conditions 
for seed germination were investigated. Experimental factors were included 12 ecotypes of W. 
coagulans which have been collected from the native area; three germination media included B5 Media, 
Plain agar and filter paper, and two light conditions (Sunlight lamps and complete darkness). Factorial 
experiment (with randomized complete block design) in three replicates applied for statistical analysis 
and factors such as germination percentage as well as Daily seed germination rate were assayed. 
During the experiments, some ecotypes germinated earlier than others and seed germination was 
dependent on media and light condition. Although seed germination was varied, maximum germination 
was obtained in filter paper and under complete darkness. On the other hand light treatment completely 
inhibited seed germination of W. coagulans. 
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INTRODUCTION 
 

 Plant establishment depends on successful dispersal in a suitable habitat and the ability to survive in 
interaction with the surrounding environment (Goode, 2009). Sowing seeds that will not grow or be low in viability is 
a loss of money and time. To save both, we need the laboratory germination test which is designed to indicate as 
closely as possible the proportion of seeds that can be expected to germinate and develop into strong plants. Seed 
germination is frequently sensitive to environmental conditions such as adequate moisture, favorable temperatures, 
gas exchange and, for some species that can lead to extremely high seed germination (Abe, 2008). The technique 
of seed germination by in vitro culture was first introduced by Knudson (1922). In vitro seed germination protocols 
have been established for many species, and a number of media and salts have been used for germination and 
propagation (Arditti and Ernst 1993 and Benson, 2000). Seeds of some species are sensitive to light to induce 
germination. Some seeds germinate similarly in light and darkness (Baskin & Baskin, 1988), while others do it more 
readily either under light or dark conditions (Colbach, 2002), also Khanna and (2013) conveyed that photoperiod 
has a significant role in Withania somnifera seed germination. Withania coagulans is a traditional medicinal plant in 
Southern Iran and important in Ayurvedic and indigenous medicine for over 3000 years (Mirjalili, 2009). W. 
coagulans is an erect, perennial shrub with densely velvety stems and leaves. The pharmacological properties of 
the plant are diverse, including anti-stress, anti-inflammatory, anti-arthritic, anti-oxidant, and anti-tumor agent 
(Gupta, 2007). The major constituents of these biological activities are the withanolides, a group of naturally 
steroidal lactones in the leaves (Kambizi , 2006). Unfortunately, the populations of this plant species have 
decreased and become scattered in the wild, which can be attributed to low rates of natural regeneration from 
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seeds (Vakeswaran and Krishnasamy, 2003, Kumar, 2001). Karnick (1978) and Vakeswaran and Krishnasamy 
(2003) reported that the seed germination of the Withania is poor and mortality rate of seedlings is high under field 
conditions. According to Kothari, (2003), effective methods must be determined to obtain a uniform, rapid seed 
germination of W. coagulans to develop and conserve this plant as a cultivated crop. The plant has a high potential 
for commercial cultivation (Kothari, 2003), before this goal, achieving the best conditions for seed germination is 
important. Herein, the purpose of this research was to clarify the optimal in vitro conditions for seed germination of 
12 W.coagulans ecotypes based on their germination responses to light and germination media. 
 

MATERIALS AND METHODS 
 

 Dried fruits were collected from wild populations growing in the Sistan Baluchistan province, Southern Iran, 
during June 2012 (Fig 1). The seeds were separated manually from dried fruits and were washed by tap water. 
Cleaned seeds were dried at room temperature for one day, then numbered from E-1 to E-12 and were placed in a 
Lab refrigerator at 4 °C. Germination experiment was done in the Biotechnology Laboratory of the Shahid Beheshti 
University of Iran. Seeds were sterilized by soaking in 70% alcohol for 30 seconds, followed by 5% sodium 
hypochlorite solution for 20 minutes. Later, the seeds were thoroughly washed with sterile water four times to 
remove any hypochlorite residue. After air drying for one minute, 15 seeds (Because of limit seed) of each 
Ecotypes were randomly placed in separate 9 cm Petri plates containing either two layers of  Whatman No. 1 filter 
paper saturated with distilled water, B5 media (With the macro- and micronutrients, and vitamins) contain 0.7%  
agar and Plain agar (no nutrients) 0.7%. After seeding, all treatments were placed in a controlled environmental 
chamber (Noorsanat, Model STC 1300 Ltd. Iran) however, a set of petri plates was wrapped with aluminum foil to 
study seed germination in the complete darkness and part of petri plates were placed in light controlled as daylight 
(sunlight lamps were used to produce a photosynthetic photon flux density of 900 foot-candles at 16/8 h light/dark). 
The optimum temperature for germination and Humidity (25°C and 65%) were maintained during the experiment. 
Germination was monitored daily for each ecotype for analyzing of the daily germination rate dynamics of individual 
ecotype. Seeds were considered germinated when the emerging radicle reached 2mm in length. Germination 
percentage under each treatment and rate of germination was calculated following the procedure of Czabator 
(1962). The germinated seeds (radical emergence) were removed after the daily count. Final germination 
percentages were calculated after incubation for 25 days where no further germination was observed. All 
germination percentage data were arcsine transformed before statistical analysis. One-way analysis of variance 
was performed using SAS version 9.2 (SAS GLM, P < 0.05; SAS Institute, 2009) Treatments were arranged in a 
factorial experiment (with randomized complete block design) in three replicates. Duncan’s test was used to 
evaluate differences among the means. Significance was reported at P < 0.05. 
 

 
 

Figure 1. Location of Sistan Baluchistan province, Southern of Iran 

 
RESULTS AND DISCUSSION 

 
Results  
Day to germination experiment 
 According to experimental results are presented in Table 1, although media, light regimes, ecotypes and 
interaction between them were affected the germination initiation time (p = 0.001), days to Germination was 
significantly longer when seeds were exposed to light condition. At dark condition seeds germinated seven days, 
whereas seeds germinated within ten days in a light condition (Fig. 2). On the other hand, ANOVA revealed that 
there was a significant difference observed in the days taken for initiation of germination among all the ecotypes (p 
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= 0.001). The result showed that all ecotypes in dark condition germinated earlier than light condition. At dark 
condition maximum seed germination occurred between 6 and 10 days, whereas required time for initiation 
germination at light condition was between 8 to 13 days (Fig. 3a). Interaction between different media and light 
regimes on days to germination showed that the number of seeds germinated in filter paper under complete 
darkness was higher than the other treatments (Fig.3b). 
 

 
 

Figure 2. The influence of Light/Dark condition on Days of germination after sowing in ecotypes 
 

 
 

Figure 3a. Mean Days of germination after sowing in ecotypes 
 

 
 

Figure 3b. Mean Days of germination after sowing in different media and light regimes 
 

                       Table 1. Analysis of variance of some characteristic in W. coagulans 
              

 

Source of variation DF Day to germination Seed 
germination 

Daily germination 
rate 

Block 2  26.041** 0.259** 389.157** 
Media 2  104.013** 1.343** 299.379** 
Light regimes 1  532.041** 27.050** 104.230 
Ecotypes 11 21.718** 0.604** 42.328 
Media * light regimes 2 38.097** 0.896** 419.529** 
Media * ecotypes 22 15.827** 0.146** 29.124 
Light regimes * ecotypes 11 14.294** 0.258** 36.395 
Media * light regimes * ecotypes 22 27.395** 27.881 27.881        
Error 142      0.045 7371.463         51.911 
Total 215      
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Seed germination 
 Light regimes had a significant effect on the germination percentage. On the other hand, the highest 
germination percentage was recorded on dark condition in ecotype seven (E-9) with 98% and the lowest 
germination belonged to ecotype ten (E-10) with 67% (Figs. 4). Also on light condition, the highest germination 
percentage was belonged to ecotype seven (E-7) 63% and the lowest germination observed in ecotype ten (E-10) 
with 5%. 
 

 
 

Figure 4. The influence of Light/Dark condition on germination percentage of ecotypes 

 
 Effect of media on seed germination of W. coagulans under light/dark conditions was presented in Table 1 (p = 
0.001). Result showed B5 media and Plain agar had no effects on germination regardless light conditions (Fig. 5), 
whereas that B5 media contains macro and micro-nutrients, and vitamins compared to plain agar media. The mean 
germination percentage in B5 media and Plain agar was 56% (data did not show). According to results filter paper 
had the highest seed germination than B5 media and Plain agar. The mean germination percentage in filter paper 
condition was 70% in as same light condition as B5 media and Plain agar. 
 

 
 

Figure 5. The influence of media culture on germination percentage 

 
 Interaction between germination media and light regimes showed that mean germination percentage of W. 
coagulans seeds in the light condition were lower than those of seeds under different media (Fig. 6). Although filter 
paper had the highest germination percentage (94%) at dark condition, less than 50% of the seeds were able to 
germinate under light conditions at both B5 media and Plain agar, on the other hand, at light condition germinated 
seeds in filter paper (46%) were more than B5 media (25%) and Plain agar (37%).  
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Figure 6. The influence of media culture and Light/Dark condition on germination percentage 
 
Daily germination Rate 
 The media had a significant effect on the mean germination rate (Table 2). The daily germination rate in B5 
media and plain agar was 1.25 and 1.30 respectively, while filter paper had the highest daily germination rate 
(1.40), (Fig 7). The light had no significant effects on the daily germination rate, but interaction of light and media 
was significant (Table 2). Although filter paper within light condition had the least germination rate (0.5), at the dark 
condition had the highest germination rate (2.30) compare to other media (Fig. 8).  
 

 
 

Figure 7. The influence of culture media on daily germination rate of ecotypes 
 

 
 

Figure 8. The influence of media culture and Light/Dark condition on daily germination rate of ecotypes 

 
DISCUSSION 

 
 Among  different ecotype seeds at completely dark conditions, ecotype seven (E-9) and ecotype ten (E-10) 
had the maximum and minimum of germination percentage and radicle was not observed until after at least a week 
and took 14 days to reach 50% germination. Therefore ecotype nine could be used for restoration purposes when 
rapid seed germination and establishment are needed. Seed germination of ecotypes was determined in vitro 
under light regimes, but, in nature seeds have placed on the soil and receiving light by seed is possible. In this 
situation selected ecotype should be has the most germination in both dark and light condition so ecotype seven is 
the best one. Critical examination of the data showed that variation in germination in W. coagulans is mainly due to 
type differences. Barring a few types overall seed germination in W. coagulans is low. It is indicated that the seeds 
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of some species are sensitive to light for inducing germination, germination percentage of W. coagulans seeds 
decreased under light conditions. Incubation of seeds in complete darkness enhanced seed germination in W. 
coagulans seeds and ecotypes of different areas at the same media, preferred darkness to germinate. Lai (2010) 
reported that light almost totally inhibited germination of Citrullus colocynthis seeds at 20°C, while they germinated 
to 100% in darkness. Therefore, light as an important variable for some seeds, is not required for initiating 
germination in some spices including W. coagulans.   
 Besides darkness, the lack of significant difference between B5 media and Plain agar at the same condition 
indicated that macro and micro elements were not necessary for germination and seed germination was highly 
affected by water. Our study showed germination could be affected by culture medium because of water 
availability. According to the results, seeds had a high percentage of germination in Filter Paper compare to B5 
media and Plain agar. Maybe access to water in filter paper is more than two other media; on the other hand, water 
availability in B5 media and Plain agar were less than in filter paper.  Fuller and Ritchie (1967) noted that water is 
essential for enzyme activation, breakdown, translocation, and use of reserve storage material during the 
germination. On the other hand, continuous supply of water is needed to start and complete germination and 
elements were merely deprived of enough water supplies to germinate (Katembe, 1998).  Klimaszewska (2000) 
also reported that raising the concentration of the gelling agent increased medium gel strength but decreased water 
availability. Therefore, with decreasing in moisture content in B5 Media and Plain Agar, reduction of germination 
percentage was recorded in all ecotypes. Moreover, W. coagulans could serve as reservoirs of valuable genes for 
future medicinal plant improvement, it is important to conserve the observed ecotype diversity.  
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