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Abstract 

This study was conducted at the Lab of Desert Research Center, during the two successive seasons of 

2016/2017 and 2017/2018. The aim of this study was to investigate the tolerance of Salvia hispanica L. seeds 

germinated in filter paper or grown in sandy soil to water salinity irrigation. The seeds were irrigated (till 100% 

of field capacity) every two days using tap water (control, 0.42 dS m-1) or saline water containing of NaCl at a 

concentration of 2.34, 3.13, 3.91 and 4.69 dS m-1. Saline water was used from the beginning of seed sowing till 

full germination (from 10-17 days). The recorded results indicated that filter paper medium is more effective in 

reducing the unfavorable effects of salinity on the most of the studied germination parameters than sand. Raising 

the salt concentration in irrigation water up to 4.69 dS m-1 decreased the most of germination parameters 

(germination percentage, germination index and mean germination rate of chia seeds). The highest values of 

above mentioned parameters were gained by the combination of 0.42 dS m-1 concentration (control), especially 

those germinated on filter paper, followed descendingly by 2.34 dS m-1 concentration with the filter paper 

growing medium in both seasons. Also, the highest mean of daily germination and germination value were 

recorded by grown chia seed in filter paper and irrigated with saline water at 2.34 dS m-1 in 1st and 2nd seasons, 

while seeds grown in the same above mentioned medium and irrigated with saline water at 2.34 dS m-1 scored 

the highest peak value for germination in both seasons. Furthermore the highest values of coefficient of 

variation of germination time were gained by the combination treatments of the highest salinity concentration 

4.69 dS m-1 with the filter paper growing medium in both seasons. On the other hand the combination of 

growing sand medium and irrigation with saline water at 3.91 dS m-1 concentration showed to be the most 

effective one for producing the highest mean germination time, time to 50 % germination and time to 90 % 

germination of chia seeds in both seasons. Conclusively, using filter paper as the germination medium produced 

the best germination parameters at the lowest salinity level 0.42 dS m-1. On the other hand, the filter paper 

growing medium reduced, to some extent, the negative effect of salinity on chia seed germination parameters.  
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Introduction 

 

Chia (Salvia hispanica L.) is an annual plant 

belonging to family Labiate native to Guatemala and 

Mexico (Ixtaina, et al., 2008). In pre-Columbian 

times, chia seeds were one of the basic foods of 

Central American Civilizations (Ayerza and Coates, 

2005). The cultivation of chia is gaining popularity in 

Africa because it is considered as a good nutritional 

and healthy food for two strains of hens (Ayerza and 

Coates, 2000). 

The seed of chia contains from 25% to 40% 

fixed oil with 60% of its comprising α-linolenic acid 

(omega-3) and 20% of linoleic acid (omega-6). Chia 

can grow up to 100 cm tall and has opposite arranged 

leaves. Chia flowers are small flower (3-4 mm) with 

small corollas and fused flower parts that contribute 

to a high self-pollination rate. The seed color varies 

from black, gray, and black spotted to white and the 

shape is oval with size ranging from 1 to 2 mm (Ali, 

et al., 2012; Bresson, et al., 2009; Peiretti and 

Meineri, 2008; Reyes-Caudillo, et al., 2008; Cahill 

and Provance, 2002) 

Chia seed is composed of protein (15-25%), fats 

(30-33%), carbohydrates (26-41%), high dietary fiber 

(18-30%), ash (4-5%), minerals, vitamins, and dry 

matter (90-93%). It also contains a high amount of 

antioxidants (Ixtaina, et al., 2008). Chia seed is free 

of gluten (Bueno, et al., 2010). Clearly, any reliable 

source of omega-3 fatty acid that can be found which 

is safe for consumption would be attractive (Ayerza 

and Coates, 2005). Chia can grow in arid 

environments, it has been highly recommended as an 

alternative crop for the field crop industry (Peiretti 

and Gai, 2009). 

The lack of standardized methods of analyses, 

as Salvia hispanica is a species not yet covered by 

the Rules for Testing Seeds (Paiva, et al., 2016 and 

I. S. T. A., 2013). Germination of seed in a 

laboratory test is essential structures, which indicates 

whether or not it is able to develop further into a 

satisfactory plant under favorable conditions in soil 

(I. S. T. A., 2007) 
There is poor information on the relationship 

between growing media and seed germination and 

growth of Salvia hispanica L. one of the most 

important criteria for successful germination is a 

reliable germination medium. The influence of the 

medium is felt even before the plant sprout (Ndor, et 

al., 2012). Good and suitable nursery potting media 
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influence good and quality seedling production 

(Agbo and Omaliko, 2006).  

Kumar and Sharma, (2012) studied the 

germination of three plants Stevia rebaudiana, 

Tagets minuta and Salvia sclarea, the results of 

Salvia sclarea show that filter paper gave the highest 

germination percentage compared to sand, while the 

other two plants were in the opposite direction. Filter 

paper enhanced germination percentage, germination 

rate, germination index and mean daily germination 

compared to sand (Trivedia and Joshi, 2014). 

Environmental stresses such as salinity affect 

nearly every aspect of the physiology and 

biochemistry of plants and significantly reduce the 

yield. At present, about 20% of the world’s 

cultivated land and approximately half of all irrigated 

land are affected by salinity (Heidari, 2012). 

Salinity is one of the most significant stress 

factors affected crop productivity (Munnas, 1993). 

Although higher salinity decreases germination, the 

detrimental effect of salinity is generally less severe 

at optimum germination temperature (Al-Khateeb, 

2006; Gorai and Neffati, 2007 and Tlig, et al., 

2008). Salt stress is becoming a significant global 

factor as affected nearly 20% of global irrigated land 

because it limits production in terms of agriculture in 

the worldwide (Flowers and Yeo, 1995). Salinity 

affects different physiological life stages of 

medicinal plants and of the most important stage life 

of the plant are germination period under salinity 

conditions (Sosa, et al., 2005).  

The aim of this study was to investigate the 

effects of five salinity levels (0.42 dS m-1 as control, 

2.34, 3.13, 3.91 and 4.69 dS m-1) using filter paper 

and sand as germination media on chia seed 

germination. 

 

Material and methods 

This investigation was carried out at the 

Experimental Laboratory of the Desert Research 

Center (geographical latitude 30° 07' 16" N 31° 18' 

55" E), El Matareya, Cairo, Egypt, during the two 

successive seasons of 2016/2017 and 2017/2018. The 

objective of this work was to study the effect of two 

growing media (filter paper and sand) and different 

levels of water salinity irrigation on germination 

characteristics of Salvia hispanica L. seeds produced 

under Egyptian environmental conditions. Seeds of 

Salvia hispanica L. were collected from plants grown 

on a private farm in Toukh – El Qlubia Governorate, 

Egypt in February in both seasons 2016/2017 and 

2017/2018. The weight of 1000 seeds is ranged 1.04 

- 1.56 g. The seed color varies from black, gray and 

black spotted to white and the shape is oval with size 

ranging from 1 to 2 mm, the seeds (black after 

manually exclude white) were sown on 9th November 

2017 and 2018 (in the first and second seasons, 

respectively), in petri dishes (12 cm) on filter paper 

Whatman No. 1 and in cardboard pots 10 cm filled 

with washed sand (three times with sterilized water). 

The layout of the experiment was factorial 

experiments in a complete randomized block design 

with 10 treatments represented the combinations 

between the germination media (filter paper and 

sand) and the irrigation water salinity treatments 

(0.42 dS m-1 as control, 2.34, 3.13, 3.91 and 4.69 dS 

m-1) (2 germination media x 5 salinity treatments), 

with 3 (replicates) each replicate contain 50 seeds. 

Then, petri dishes and pots were placed in room 

temperature (25-30° C) and lighting was 8 h of light 

alternating by 16 h of dark. 40 fluorescent lamps 

were used as a source of white light. 10 ml of water 

was supplied every two days to avoid drought stress, 

10-17 days after treatments the following data were 

recorded and calculated: 

The analysis of the tap water and the high 

salinity water (4.69 dS m-1) are presented in 

Tables (1 and 2). 

 

Data recorded: 

 Germination percentage [G. P. (%)].  

 Mean germination Time [M. G. T. (day)]. 

 Mean germination Rate [M. G. R. (day-1)].  

 Germination index [G. I. (seed day-1)]. 

 Coefficient of variation of germination time 

[(C.Vt (%)].      

 Mean daily germination [M. D. G. (day-1)]. 

 Peak value for germination [P.V. (day-1)]. 

 Germination value [G. V. (%2 day-2)]. 

 Time to 50 % germination [T50 (day)]. 

 Time to 90 % germination [T90 (day)].  

 

Table 1. Water analysis of the tap water (Control) 

Ph 
E.C. 

(dS m-1) 

Soluble cations (mmolc L-1) Soluble anions (mmolc L-1) 

Ca++ Mg++ Na+ K+ Co3
-- HCo3

- So4
-- Cl- 

7.1 0.42 1.43 1.32 1.47 0.20 0.00 2.49 0.79 1.14 

Analyzed in the Desert Research Center laboratories according to Rainwater and Thatcher, (1960). 

 

Table 2. Water analysis of the high salinity water (4.69 dS m-1) 

pH 
E.C. 

(dS m-1) 

Soluble cations (mmolc L-1) Soluble anions (mmolc L-1) 

Ca++ Mg++ Na+ K+ Co3
-- HCo3

- So4
-- Cl- 

6.8 4.69 3.99 2.02 39.83 0.20 0.00 2.60 5.70 37.74 

Analyzed in the Desert Research Center laboratories according to Rainwater and Thatcher, (1960). 
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Germination associate parameters were calculated by 

using the following formulas: 

 Germination percentage (G. P.) 

 Was calculated using the following formula given 

by (I. S. T. A., 1999)  

Germination % =
No. of germinated seeds

Total No. of seeds 
× 100 

 Mean germination time (M. G. T.)  

Mean germination time was calculated by the 

formula given by (Ellis and Roberts, 1981).   

M. G. T =
n1 x d1 +  n2 x d2 +  n3 x d3 + ⋯

Total number of days
 

Where: n = number of germinated seeds and d = 

number of days. 

 Mean daily germination (M. D. G.)  

Mean daily germination can be calculated by 

the following formula given by (Czabator, 1962)  

M. D. G =
Total number of germinated seeds

Total number of days
 

 Peak value (P. V.)  

Peak value was calculated by the following 

formula given by (Czabator, 1962) 

  P. V =
The highest seed germinated

Number of days
 

 Germination value (G. V.)  
Germination value was calculated by the 

following formula given by (Czabator, 1962) 

G. V. = PV X MDG 

 Germination index (G. I.) 

Germination index was calculated as 

described in the association of official seed analysis 

(A. O. S. A., 1983) by the following formula: 
G. I. = 

 (
No of germination seeds

Days of first count
 + ---- + 

No of germination seeds

Days of last count
) 

 Coefficient of variation of germination time 

(C.Vt).       

Coefficient of variation of the germination 

time is calculated by the following formula given by 

by (Ranal and Santana, 2006)  

C.Vt = 
𝑆𝑡

𝑡̅
× 100 

Where: st : standard deviation of the germination time 

and 𝑡̅: mean germination time. 

 Time to 50% germination (T50) 

The time to reach 50 % germination (T50) 

was calculated according to the following formula of 

Coolbear, et al., (1984) modified by Farooq, et al., 

(2005): 

T50 = ti + [(N /2 - ni) (ti - tj)] / [ni – nj]. 

Where: N is the final number of emergence and ni, nj 

cumulative number of seeds germinated by adjacent 

counts at times ti and tj, respectively when ni < N / 2 

< nj. 

 Time to 90% germination (T90) 

The time to reach 90% germination (T90) was 

calculated according to Carbonell, et al., (2008): 

T90 = ti + [(90 N /100 - ni) (ti - tj)] / [ni – nj]. 

Where: N is the final number of seeds germinated, 

and ni and nj are the total number of seeds 

germinated in adjacent counts in time ti and tj, 

respectively, when ni < 90 n / 100 < nj. 

 

Statistical analysis  

 

All data obtained in both seasons of study were 

subjected to analysis of variance as factorial 

experiments in a complete randomized block design. 

The results were statistically analyzed using 

MSTAT-C Statistical Software according to 

(Sendecor and Cochran, 1989). The differences 

between the mean values of various treatments were 

compared by Duncan's multiple range test (Duncan, 

1955). 

 

Results 

 

- Effect of germination media, saline water and their 

interaction treatments on: 

1- Germination percentage (%) 

Data in Table (3) showed that, using filter 

paper as a germination media showed to be the most 

effective one for producing the highest germination 

percentage as it reached 93.20%  and 93.60 % of chia 

(Salvia hispanica L.) seeds in the first and the second 

seasons, respectively.  

As for the effect of salinity on germination 

percentage data in the same Table illustrated that, all 

tested concentrations of salinity decreased 

germination percentage of chia seeds in both seasons. 

Irrespective control, the highest germination 

percentage was detected by 2.34 dS m-1 treated seeds, 

followed in descending order by 3.13 dS m-1 treated 

chia seeds without significant differences between 

them in the two seasons. 

Concerning the interaction effect between 

germination media and salinity, it was found that all 

resulted combination between germination media and 

salinity decreased the germination percentages of 

chia seeds in 1st and 2nd seasons. The highest 

germination percentage was gained by the 

combination of 0.42 dS m-1 concentration (control), 

especially those germinated on filter paper of both 

seasons. 

On the contrary, the lowest germination 

percentage was scored by the combination of high 

salinity concentration, particularly those germinated 

on sand media on the two seasons. The remained 

treatments occupied an intermediate position 

between the above mentioned treatments. 

 

2- Mean germination time (M. G. T) 

Data in Table (3) illustrated that, sand 

medium recorded the highest values of mean 

germination time of chia seeds as compared to the 

other medium (filter paper) in the two seasons. On 

the other hand, all the concentrations of salinity 

increased mean germination time of chia seed, 

especially with 3.91 dS m-1, followed descendingly 
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by 4.69 dS m-1 concentration with non-significant 

between them in the two seasons.  

On the reverse the lowest values of this 

parameter were recorded by control 0.42 dS m-1 of 

both seasons. Moreover, data in Table (3) indicate 

that all the interactions between germination media 

and salinity increased mean germination time of chia 

seeds, especially using sand medium and 3.91 dS m-1 

concentration followed in descendingly by the 

combination treatment between sand medium with 

4.69 dS m-1 in the two seasons. 

The lowest values of this parameter were gained 

by all the combination treatments of filter paper as a 

germination medium and all tested concentrations of 

salinity particularly the low concentration of 0.42 dS 

m-1 (control) and 2.34 dS m-1 in the first and the 

second seasons. 

 

Table 3. Effect of germination media, saline water and their interaction treatments on germination percentage 

(%) and mean germination time (day) of chia (Salvia hispanica L.) seeds 

 G. P. (%) M. G. T (day) 

Salinity 
Media 

Mean 
Media 

Mean 
F. P. Sand F. P. Sand 

  1st season    

0.42  dS m-1 94.00a 84.67abc 89.33a 2.63d 6.88c 4.62b 

2.34  dS m-1 93.33ab 81.33abc 87.33a 2.37d 8.82ab 5.60a 

3.13  dS m-1 93.33ab 78.67bc 86.00a 2.61d 8.21b 5.41ab 

3.91  dS m-1 93.33ab 73.33c 83.33a 2.54d 10.06a 6.30a 

4.69  dS m-1 92ab 71.33c 81.67a 2.82d 8.85ab 5.83a 

Mean 93.20a 77.87b  2.54b 8.67a  

  2nd season    

0.42  dS m-1 96.00a 85.33bc 90.67a 2.36d 7.00c 4.68c 

2.34  dS m-1 94.67ab 78.00cd 86.33ab 2.36d 8.16b 5.26bc 

3.13  dS m-1 94.00ab 78.00cd 86.00ab 2.60d 8.55b 5.57ab 

3.91  dS m-1 92.67ab 72.67de 82.67bc 2.56d 10.00a 6.28a 

4.69  dS m-1 

 

90.67ab 67.33e 79.00c 3.03d 9.17ab 6.10a 

Mean 93.60a 76.27b  2.58b 8.58a  

G.P.= Germination percentage (%); M. G. T. = Mean germination Time and F. P. = Filter paper. 

 

3- Mean germination rate (M. G. R) 

Table (4) shows that, filter paper as a 

germination medium surpassed the other medium 

(sand) on the mean germination rate with significant 

differences between them of chia seeds in both 

seasons. 

Concerning the effect of salinity concentrations 

in both seasons, it was interested to note that there 

was a negative relationship between mean 

germination rate values and salinity concentrations, 

hence, as the concentrations of salinity increased, the 

values of mean germination rate decreased to reach 

the lowest decreasing at the high salinity 

concentration (4.69 dS m-1), with non-significant 

differences between them. 

Therefore, in both seasons (0.42 dS m-1) soaked 

seeds scored the highest values of the mean 

germination rate of chia. Additionally, the 

combination treatment between filter paper and 0.42 

dS m-1 or 2.34 dS m-1 salinity concentration scored 

the highest values of mean germination rate in the 

first and the second seasons.  

On the reverse, the lowest values of this 

parameter were resulted by the combination 

treatments of sand media and 3.91 dS m-1 in the two 

seasons. 

4- Germination index (G. I.) 

Data in Table (4) revealed that, using filter 

paper as a germination media exhibited to be the 

most effective one for producing the highest 

germination index of chia (Salvia hispanica L.) seeds 

in 1st and 2nd seasons.  

However, all tested concentration treatments of 

salinity decreased germination index of chia, 

especially the high salinity concentration 4.69 dS m-1 

as compared to 0.42 dS m-1 (control) in the two 

seasons.  

Moreover, all the combination treatments of 

salinity concentration and media succeeded in 

decreasing this parameter in the two seasons. In both 

seasons, the highest values of this parameter were 

recorded by the combination treatments of salinity 

concentration at 0.42 dS m-1 with filter paper 

followed in descending order by the combination 

treatments of 2.34 dS m-1 with filter paper media.  

On the contrary, the lowest values of this 

parameter were gained by the combination 

treatments of salinity concentration at 4.69 dS m-1 

with sand media in the two seasons. The remained 

treatments occupied an intermediate position 

between the above mentioned treatments.   
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Table 4. Effect of germination media, saline water and their interaction treatments on a mean germination rate 

(day-1) and the germination index (seed day-1) of chia (Salvia hispanica L.) seeds 

 M. G. R. (day-1) G. I (seed day-1) 

Salinity 
Media 

Mean 
Media 

Mean 
F. P. Sand F. P. Sand 

  1st season    

0.42 dS m-1 0.424a 0.144bcd 0.284a 21.61a 6.40d 14.01a 

2.34  dS m-1 0.423a 0.123cd 0.273a 21.02ab 4.83e 12.92b 

3.13  dS m-1 0.390abc 0.118d 0.254a 20.14abc 4.59e 12.36bc 

3.91  dS m-1 0.392abc 0.101d 0.247a 20.12bc 3.81e 11.47bc 

4.69  dS m-1 0.330abcd 0.110d 0.220a 18.90c 4.18e 11.54c 

Mean 0.392a 0.177b  20.36a 4.76b  

  2nd season     

0.42 dS m-1 0.423a 0.146bcd 0.283a 22.06a 6.39e 14.23a 

2.34  dS m-1 0.422a 0.115cd 0.268a 21.38ab 5.06f 13.22b 

3.13  dS m-1 0.386ab 0.123cd 0.254a 20.36bc 4.77fg 12.56bc 

3.91  dS m-1 0.396ab 0.100d 0.248a 19.96c 3.80g 11.88c 

4.69  dS m-1 

 

0.355abc 0.114cd 0.234a 18.16d 3.80g 10.98d 

Mean 0.396a 0.119b  20.38a 4.77b  

M. G. R. = Mean germination rate; G. I. = Germination index and F. P. = Filter paper. 

 

5- Coefficient of variation of germination time (C. 

Vt) 

Table (5) declares that, in the two seasons using 

filter paper as a germination medium resulted highly 

statistically increases of coefficient of variation of 

germination time as compared to sand media of 

germination time of chia seeds. 

In this concern, all tested concentration 

treatments of salinity scored slightly decreases of this 

parameter with the exception of the high salinity 

concentration 4.69 dS m-1 with non-significant 

differences between them in both seasons. The 

highest values of coefficient of variation of 

germination time were recorded by the combination 

treatments of salinity concentration at 4.69 dS m-1 

with filter paper followed in descending order by the 

combination treatments of 3.13 dS m-1 with filter 

paper media in the two seasons.  

The third values in this respect, was scored by 

the combination treatments of salinity concentration 

at 0.42 dS m-1 (control) with filter paper. On the 

reverse, the lowest values of this parameter were 

gained by the combination treatments of salinity 

concentration at 4.69 dS m-1 with sand media in both 

seasons. 

 

Table 5. Effect of germination media, saline water and their interaction treatments on coefficient of variation of 

germination time (%) and mean daily germination (day-1) of chia (Salvia hispanica L.) seeds 

 C. Vt (%) M.  D. G. (day-1) 

Salinity 
Media 

Mean 
Media 

Mean 
F. P. Sand F. P. Sand 

  1st season    

0.42 dS m-1 42.17ab 21.79cde 32.25a 1.91ab 0.57b   1.24a 

2.34  dS m-1 33.43bcd 15.49e 24.46a 2.99ab 0.50b 1.74a 

3.13  dS m-1 44.92ab 17.90de 31.41a 3.29a 0.46b 1.87a 

3.91  dS m-1 37.94abc 17.88de 27.91a 2.21ab 0.40b 1.31a 

4.69  dS m-1 51.91a 12.01e 33.46a 1.28ab 0.56b 0.92a 

Mean 42.78a 17.01b  2.34a 0.50b  

  2nd season     

0.42 dS m-1 42.25b 23.63cd 32.94a 1.65abc 0.58bcd 1.12a 

2.34  dS m-1 33.32bc 22.65cd 27.98a 2.55a 0.49cd 1.52a 

3.13  dS m-1 45.08b 18.74d 31.91a 2.32a 0.44d 1.38a 

3.91  dS m-1 40.72b 17.95d 29.34a 1.72ab 0.40d 1.06a 

4.69  dS m-1 

 

60.59a 13.68d 37.13a 1.01bcd 0.46d 0.74a 

Mean 44.39a 19.33b  1.85a 0.47b  

C. Vt = Coefficient of variation of germination time; M.D. G. = Mean daily germination and F. P. = Filter paper. 
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6- Mean daily germination (M. D. G.) 

Data in Table (5) demonstrated that in the two 

seasons, using filter paper as a germination media 

showed to be the most effective one for producing 

the highest mean daily germination as it were 2.34 

and 1.85 of chia (Salvia hispanica L.) seeds in the 

first and the second seasons, respectively. All studied 

concentrations of salinity failed to induce a 

remarkable effect concerning this parameter in the 

two seasons. However, the highest mean daily 

germination was recorded by 3.13 dS m-1 salinity 

concentration in the first season only, while 2.34 dS 

m-1 resulted the highest values of this parameter in 

the second season, with none significant differences 

between all salinity concentration of this parameter 

in both seasons. Moreover, the combination 

treatments between the medium concentration of 

salinity (3.13 dS m-1) with filter paper medium were 

the most effective for producing the highest mean 

daily germination of chia seeds in the two seasons. 

Additionally, in both seasons the lowest values of 

this parameter were recorded by the combination 

treatments of salinity concentration at 3.91 dS m-1 

with sand medium. 

 

7- Peak value for germination (P. V.) 

Data in Table (6) demonstrated that, using filter 

paper as a germination medium resulted highly 

statistically increases of peak value for germination 

as compared with the other medium of chia (Salvia 

hispanica L.) seeds in both seasons. 

 

Table 6. Effect of germination media, saline water and their interaction treatments on peak value (day-1) for 

germination and germination value (%2 day-2) of chia (Salvia hispanica L.) seeds 

 P. V. (day-1) G. V. (%2 day-2) 

Salinity 
Media 

Mean 
Media 

Mean 
F. P. Sand F. P. Sand 

  1st season    

0.42 dS m-1 7.05ab 3.63bc 5.34a 14.93a 2.09a   8.55a 

2.34  dS m-1 8.88a 3.30bc 6.09a 29.41a 1.65a 15.53a 

3.13  dS m-1 8.75a 2.98c 5.86a 42.02a 1.47a 21.74a 

3.91  dS m-1 7.65a 2.82c 5.24a 17.95a 1.14a 9.55a 

4.69  dS m-1 5.75abc 3.26bc 4.50a 7.38a 1.99a 4.68a 

Mean 7.61a 3.20b  22.34a 1.67b  

  2nd season     

0.42 dS m-1 6.67ab 3.66cd 5.17ab 11.43ab 2.12b 6.78a 

2.34  dS m-1 8.40a 3.21cd 5.81a 21.60ab 1.65b 11.62a 

3.13  dS m-1 7.57a 3.02cd 5.30ab 22.12a 1.37b 11.74a 

3.91  dS m-1 6.72ab 2.80d 4.58ab 11.89ab 1.12b 6.51a 

4.69  dS m-1 

 

5.04bc 2.89cd 3.97b 5.08b 1.45b 3.26a 

Mean 6.88a 3.12b  14.42a 1.54b  

P. V. = peak value for germination; G. V. = germination value and F. P. = Filter paper. 

 

On the other hand, the concentration of salinity 

at 2.34 dS m-1 gave the highest values of this 

parameter with non-significant differences between 

them in the first season only. In this concern, the 

combination treatment between filter paper and 2.34 

dS m-1 salinity concentration scored the highest 

values of peak value for germination of chia seed 

followed in descendingly by the combination 

treatment between filter paper and 3.13 dS m-1 

salinity concentration with non-significant 

differences between them in 1st and 2nd seasons. 

On the opposite, the lowest values of this 

parameter were gained by the combination 

treatments of sand media and 3.91 dS m-1 salinity 

concentration in the two seasons. 

8- Germination value (G. V.) 

Data in Table (6) illustrated that, using filter 

paper as a germination medium resulted in highly 

significant increases of germination value as 

compared with the other medium of chia (Salvia 

hispanica L.) seeds in both seasons. 

On the other hand, the concentration of salinity 

at 3.13 dS m-1 gave the highest values of this 

parameter with non-significant differences between 

them in the two seasons. Moreover, the combination 

treatment between filter paper and 3.13 dS m-1 

salinity concentration was scored the highest values 

of germination of chia seed followed descendingly 

by the combination treatment between filter paper 

and 2.34 dS m-1 salinity concentration with non-

significant differences between them in the first 

season only.  

On the reverse, the lowest values of this 

parameter were gained by the combination 

treatments of sand media and 3.91 dS m-1 salinity 

concentration in the two seasons. The remained 

treatments occupied an intermediate position 

between the above mentioned treatments. 
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9- Time to 50% and 90% germination (T50 and 

T90) 

Data in Table (7) declared that, using the sand 

medium as a germination media showed to be the 

most effective one for producing the highest T50 and 

T90 of chia (Salvia hispanica L.) seeds in both 

seasons. As for the effect of salinity of germination 

percentage data in the same Table illustrated that, all 

tested concentrations of salinity increased T50 and T90 

of chia seeds, particularly the combination of 3.91 dS 

m-1, followed in descending order by 4.69 dS m-1 

treated chia seeds without significant differences 

between them in the two seasons. 

Concerning the interaction effect between 

germination media and salinity, it was found that all 

resulted combination between germination media and 

salinity increased T50 and T90 of chia seeds in both 

seasons. The highest values of these parameters were 

gained by the combination of 3.91 dS m-1, with sand 

medium, followed in descending order by the 

combination treatment of 4.91 dS m-1 with sand 

medium in 1st and 2nd seasons. 

The third values in this respect, was scored by 

the combination treatments of salinity concentration 

at 2.34 dS m-1 with sand medium in most cases. On 

the reverse, the lowest values of these parameters 

were scored by the combination of low salinity 

concentration (0.42 dS m-1 as control), with the filter 

paper medium in both seasons. The remained 

treatments occupied an intermediate position 

between the above mentioned treatments. 

 

Table 7. Effect of germination media, saline water and their interaction treatments on time to 50% germination 

(day) and time to 90% germination (day) of chia (Salvia hispanica L.) seeds 

 T50 (day) T90 (day) 

Salinity 
Media 

Mean 
Media 

Mean 
F. P. Sand F. P. Sand 

  1st season    

0.42 dS m-1 1.61d 6.01c 3.81b 2.68c 8.79b 5.73b 

2.34  dS m-1 1.67d 8.26ab 4.96a 2.80c 10.20b 6.50ab 

3.13  dS m-1 1.75d 7.44bc 4.59ab 3.53c 9.81b 6.67ab 

3.91  dS m-1 1.78d 9.74a 5.63a 2.85c 12.39a 7.62a 

4.69  dS m-1 1.84d 8.21ab 5.03a 4.45c 9.99b 7.22a 

Mean 1.73b 7.88a  3.26b 10.23a  

  2nd season     

0.42 dS m-1 1.61d 6.05c 3.83c 2.79d 9.07b 5.93c 

2.34  dS m-1 1.66d 7.37b 4.51bc 2.81d 10.28b 6.55bc 

3.13  dS m-1 1.73d 7.68b 4.71b 3.32cd 10.31b 6.82abc 

3.91  dS m-1 1.76d 9.35a 5.56a 3.12d 12.33a 7.73ab 

4.69  dS m-1 

 

1.90d 8.36ab 5.13ab 5.20c 10.86ab 8.03a 

Mean 1.73b 7.76a  3.45b 10.57a  

T50 = Time to 50% germination; T90 = Time to 90% germination and F. P. = Filter paper. 

 

Discussion 

The results of using filter paper and sand as a 

medium of germination experiment are in agreement 

with those obtained by Trivedia and Joshi, (2014) 

in which filter paper increased all studied traits 

included germination percentage recorded 60 % and 

35 % as final percentages in filter paper and sand, 

respectively. The same trend recorded in germination 

rate, germination index and mean daily germination 

compared to sand; Kumar and Sharma, (2012) 

studied the germination of three plants Stevia 

rebaudiana, Tagets minuta and Salvia sclarea under 

light, temperature and two growing media (sand and 

filter paper). 

The results of Stevia rebaudiana recorded 58.77 

% and 54.7% germination percentages in sand and 

paper media, Tagets minuta scored 54.3% and 

22.75% in two media, respectively. While, Salvia 

sclarea in paper recorded 89.3% and in sand the 

percentage recorded was 76.0%; Gautam and 

Rahul, (2013) on Plumbago zeylanica L., showed 

that, sand (0 % soil + 100% sand) gave the best 

germination percentage compared with (50% soil + 

50 % sand) and (25% soil + 75% sand). Also 

Dharmveer, et al., (2016) on Angelica glauca 

Edgew, the results showed that the sand, soil, 

cocopeat and vermicompost have significant positive 

effects on seed germination and seedling 

development; Pulatkan, et al., (2017) on Spartium 

junceum L, found that  the germination of seeds has 

been scored: peat 34%, peat + soil (7: 3) 35.33 % and 

peat + sand (7: 3) 42.67 %. In addition, Wang, et al., 

(2017) on Anabasis aphylla. showed that sand burial 

significantly affected seed germination, seedling 

emergence and survival. On the other hand, Gairola, 

et al., (2011) on Jatropha Curcas Linn, shown that, 

the highest germination percentage was recorded by 
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vermiculite scored 85%, sand recorded 82.5% 

whereas filter paper scored 55%.  

The obtained results of salinity are in agreement 

with those obtained by Gorai, et al., (2011) on 

Salvia aegyptiaca, Dadach and Mehdadi, (2016) on 

Thymus fontanesii Boiss, Camlica and Yaldiz, 

(2017) on Ocimum basilicum, Dadach, et al., (2018) 

on Marrubium vulgare, Sideritis incana and Stachys 

ocymastrum and Paiva, et al., (2018) on Salvia 

hispanica L. illustrated that, Salinity levels above 4.5 

dS m-1 together with temperatures of 30 or 20-30°C 

negatively affected the germination, vigor, growth 

and biochemical components of Salvia hispanica L. 

seedlings. 

In the earlier studies in the literature, harmful 

effects of high salinity effects on crops are multi 

directional and affect plants in several ways as 

drought stress, ion toxicity, nutritional disorders, 

oxidative stress, alteration of metabolic processes, 

membrane disorganization and reduction of cell 

division and expansion (Hasegawa, et al., 2000 and 

Sidari, et al., 2008). Therefore, it was reported that 

plant growth, development and survival were 

reduced (Muscolo, et al., 2013 and Schleiff and 

Muscolo, 2011). Salinity made seedlings to grow 

slowly or less mobilization of food which is reserved, 

deferring the cell division, growing and injuring 

hypocotyls (Rahman, et al., 2008).  

Under normal conditions, a large portion of the 

energy is extracted from the reserves and consumed 

during the transport of ions and the synthesis of 

compatible solutes for development (Flowers and 

Colmer, 2008). However, when seeds are subjected 

to salt stress conditions, part of the energy from the 

reserves is consumed during the transport of the Na+ 

ions, leading to serious damage to seedling 

development and eventually preventing their 

development, this fact was observed also in the 

present study.  

Salt stress decreased both the rate and 

percentage of germination of S. aegyptiaca. This 

result corroborates several other studies, revealing 

that halophytes, as glycophytes, are sensitive to salt 

during the germination stage (Ungar, 1995; 

Katembe, et al., 1998; Khan, et al., 2002 and 

Gorai and Neffati, 2007).  

Conclusively, the present study strongly admits 

the use of filter paper as germination media and 0.42 

dS m-1 salinity concentration to get the best 

germination percentage of chia (Salvia hispanica L.) 

seeds in the two seasons. 
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 (.Salvia hispanica L)تأثير بيئة النمو والماء المالح على إنبات بذور الشيا 
 (2)، وليد محمد عبدالعليم مغيث(1)، يسرى فهمى يوسف محمد(2)، محمد أحمد عبدالوهاب(1)، أحمد سعيد محمد يوسف(1)أبو الغيطمختار إيمان 

 جامعة بنها –كلية الزراعة بمشتهر  –قسم البساتين  (1)
 مركز بحوث الصحراء –النباتات الطبية والعطرية قسم  (2)

 

 دراسةلى إ. هدفت الدراسة 2112/2112و  2112/2112أجريت هذه الدراسة فى معمل مركز بحوث الصحراء فى موسمين متتابعين 
من السعة الحقلية من بداية  % 111. تم رى البذور كل يومين بنسبة للرى بالماء المالحتحمل بذور الشيا المنبتة على ورق ترشيح أو تربة رملية 

إلى ماء  صوديومالكلوريد  فةضابإأُعد أو ماء مالح  (dS m 0.42-1)يوم( بإستخدام ماء الصنبور  12-11زراعة البذور لنهاية التجربة )
  (.and 4.69 dS m 3.91 ,3.13 ,2.34-1لى أربع مستويات ملوحة )للوصول إ الصنبور

ثار الغير مرغوبة للملوحة مقارنة بالرمل على معظم الصفات فضل فى الحد من الألترشيح كان الأورق اأظهرت النتائج أن إستخدام 
نبات لبذور توسط معدل الإمو  نباتنسبة الإنبات، مؤشر الإنبات )قلل معظم صفات الإ (dS m 4.69-1)لى إالملوحة  تركيزالمدروسة. إرتفاع 

تركيز خاصة عند إستخدام ورق الترشيح يليها ( dS m 0.42-1) ملوحة من تركيز من هذه الصفاتالشيا(، بينما تم الحصول على أعلى القيم 
(1-2.34 dS m ) لى أن أعلى قيمةإبالاضافة  نبات فى كلا الموسمين.ذروة الإيومي وقيمة النبات الإوالذى أعطى أيضا أعلى قيمة لمتوسط 

أعطت بيئة  خروعلى نحو آ( مع بيئة ورق الترشيح فى الموسمين، dS m 4.69-1للمعاملة بأعلى تركيز ملوحة ) تنبات سجلمعدل تباين وقت الإ
من البذور فى كلا الموسمين.  % 01و % 01نبات الوقت اللازم لإو  نباتوسط وقت الإ( أعلى القيم لمتdS m 91.3-1الرمل مع تركيز ملوحة )

فضل صفات إنبات، بالإضافة إلى أعطى أ( dS m 0.42-1) ملوحة ل تركيزالترشيح كبيئة إنبات مع أقونستخلص من النتائج أن إستخدام ورق 
 على إنبات بذور الشيا. ئ لملوحة ماء الرىأن إستخدام ورق الترشيح قلل إلى حد ما الأثر السي


