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Abstract 

Back Ground: The plant tissue culture technique is one of the biotechnologies that means 

isolating a plant cell, tissue or organ, sterilizing it and cultivating it on sterile artificial food 

media under conditions completely free of pathogens, and then the transplanted part develops 

into a complete plant similar to the original from which it was taken. Under controlled 

environmental conditions of temperature, humidity and lighting, as defined by others as sterile 

cultivation of cells, tissues, organs and their components under certain chemical and physical 

conditions in vitro. 

Objectives: This study aimed to propagate the medicinal chia plant using the technique of 

plant tissue culture. 

Materials and Methods: The research was carried out in the Plant Tissue Culture Laboratory 

of the College of Agriculture, Anbar University. Sterilized chia seeds were sown on the MS 

nutrient medium equipped with the GA3 growth regulator for the purpose of obtaining 

vegetative growths in the cultivation tubes, at the rate of one seed per vial, using tweezers 

previously sterilized with alcohol and flame. After obtaining the required growths, the stem 

nodes were cut into pieces 1 cm long and planted on MS medium prepared with different 

concentrations of BA (0.5, 1, 2, 3) mg L
-1

. And by interfering with NAA (0.1, 0.2, 0.3) mg L
-1

 

with the aim of the emergence and multiplication of vegetative branches within a factorial 

experiment with two factors (4 × 4) with 10 replications for each treatment. 16 hours and 8 

hours dark. In the rooting experiment, different concentrations of IBA (0, 1, 2) mg L
-1

 were 

used, interfering with BR (0, 0.1, 0.2) mg L
-1

, and measurements were taken after one month. 

Results: It was observed through the obtained results that there were significant differences 

between the different concentrations of growth regulators used in the experiment in the 

multiplication and rooting of the branches. 

Conclusions: Regarding the doubling stage, there is an increase in the number of branches as 

the concentration of the growth regulator BA increases. For rooting, the growth regulator 

brassinosteroids outperformed auxin indole butyric acid in root lengths and numbers. 
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Introduction 

        The chia plant (Salvia hispanica) is one of the plants belonging to the Lamiaceae family which is under the 

genus of Salvia and the chia plant contains more than 900 species (1) native to Mexico and northern Guatemala. 

Furthermore, chia seeds contain a high oil content (40%) with 60% omega-3 fatty acids, dietary fiber (18-30%), 

carbohydrates (26-41%), amounts of vitamins and minerals (2), and proteins (15-24%) (3). The chia plant is 

characterized as of great nutritional importance (4), as its seeds represent the highest natural source of omega-6 and 

omega-3 which are important fatty acids in human nutrition because they reduce the risk of cardiovascular disease. 

In addition, it is a natural source of gluten-free protein and a high content of antioxidants that protect the seeds from 

microbial and chemical decomposition (5). The chia plant is among the important medicinal plants that have been 

used in the treatment of many diseases, as a treatment to lower sugar and blood pressure, anticancer, anti-ulcer, and 

anti-inflammatory (6). Because of the importance of this plant in the treatment of many diseases, especially its 

multiple uses interest in cultivating this plant has increased, especially in the countries where it is prevalent. Thus 

due to the low rate of germination of its seeds for cultivation in Iraq the technology of plant tissue culture was 

employed in the propagation of this plant. Where this technique is one of the important technologies that play an 

effective role in serving humans, especially in the field of propagating many economically important plants due to 

the advantages of this technique the most important of which is obtaining huge numbers of plants similar to the 

mother plant. In addition, it is free from pathogens and in a short time, as well as the possibility of propagation 

throughout the year compared to traditional cultivation (7)(8). Growth regulators play a major role in the success of 

plant tissue culture. It was found that the balance between auxins and cytokinins plays a major role in the emergence 

and multiplication of vegetative shoots of the plant, as it requires adding them in specific concentrations depending 

on the genetic composition of the plant, the type of plant part, its internal content of hormones and the stage of 

growth (9). Furthermore, cytokinins have a role in plant cell division, differentiation, and axillary bud growth (10). 

The presence of auxins in the nutrient medium, where auxins in low concentrations may stimulate the division and 

elongation of plant cells or produce the roots for the vegetative branches. Therefore, the current study aimed to study 

the effect of hormones on the propagation of the chia plant in vitro. 

Materials and Methods 

The research was carried out in the Plant Tissue Culture Laboratory of the College of Agriculture at Anbar 

University for the period from March 2021 to January 2022 with the aim of studying the effect of hormones on the 

reproduction of chia plants in vitro. 

Sterilization and cultivation of seeds 

The process of sterilizing the chia plant seeds was carried out by washing them with soap and water then washed 

with sterile distilled water, and the seeds were soaked in a sterile solution (commercial minor) with a concentration 

of 2% (active substance of Sodium hypochlorite (NaClO)) for 10 minutes with continuous stirring. Then the seeds 

were washed with sterile water three times to get rid of the harmful effect of the sterile substance. After completing 
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the sterilization process the seeds were sown on MS medium (11) equipped with the Gibberellic acid (GA3) growth 

regulator for the purpose of obtaining vegetative growths in the culture tubes and at a seed per vial using tweezers 

previously sterilized with alcohol and flame. It is worth noting that the sterilization and cultivation process took 

place inside the laminar air flow hood. 

 

 

Stage of emergence and propagation 

The stem nodes were cut into 1 cm pieces and cultured on MS media equipped with different concentrations of BA 

(0.5, 1, 2, 3) mg/ L and in interaction with NAA (0.1, 0.2, 0.3) mg/ L in order for the emergence and propagation 

vegetative branches within an experiment factorial by two factors (4 × 4) and with 10 replications for each 

treatment. The cultures were incubated in the growth room at a temperature of 25±2 °C, 16 hours of illumination, 

and 8 hours of darkness. Measurements were taken after 30 days of culturing for the following characteristics:- 

 1-branch length (cm). 

 2- number of branches (branch. plant).  

3- nodes number (node. plant).  

4- number of leaves (leaf. plant).  

5- fresh weight (gm) and dry weight (gm). 

Stage of rooting 

Vegetative branches resulting from the propagation stage were excised and cultured on MS media equipped with 

different concentrations of IBA (0,1, 2) mg/ L which interacted with BR (0, 0.1, 0.2) mg/ L within a factorial 

experiment with ten replicates for each treatment. The cultures were incubated in the growth room under the same 

conditions as above. After that, the measurements were taken 30 days after culturing and included the number of 

roots (root. plant) and root length (cm). 

Micropropagated 

The weaning process was carried out for the resulting micropropagated plantlets through the rooting stage after their 

roots were washed with distilled water to remove the residual from the nutrient media and then they were immersed 

in planet fungicide solution for 5 minutes to protect them from fungal infections. Then it was cultured in anvils 

containing agricultural media consisting of a mixture of soil and house moss in a ratio of 1:1 and previously 

sterilized in the same method used to sterilize the food media. After culturing, the plants were incubated under the 

same conditions, taking into account the watering of the plants as needed. During the first two weeks, the plants 

were covered with transparent plastic covers to maintain moisture around the plants. At the beginning of the third 
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week, the cover was gradually lifted until it was removed by the end of the fourth week. Then the plants were 

transferred to the greenhouse when they were ready to grow. 

Experimental design and statistical analysis 

The experiments were designed using the Complete Randomized Design (CRD) as factorial experiments with ten 

replications for each treatment to calculate the traits for the stage of propagation and rooting. Which were analyzed 

using the (Genstat) program, and the arithmetic mean was compared according to the least significant difference test 

L.S.D at the probability level of 0.05 (12). 

Results  

 Results of the vegetative propagation stage  

The effect of interaction between BA and NAA on branch length of chia plants 

      The results in Table (1) showed that there were significant differences between the studied treatments in the 

character of the length of the vegetative branches of the chia plant, it showed a decrease in the length of the 

vegetative branches with the increase in the concentration of benzyl adenine. The comparison treatment gave the 

highest average for the length characteristic compared to the rest of the concentrations of benzyl adenine. The results 

also showed in Table (1) that there was a significant difference for the growth regulator NAA in the average plant 

height, where the concentration of 0.3 mg L
-1

 gave the highest rate in plant height of 4.50 cm, whereas, the 

comparison treatment gave the lowest average in plant height, which was 3.70 cm. As for the interaction effect 

between the growth regulators BA and NAA, the results of the table show that the treatment with a concentration of 

0.0 of BA with a concentration of 0.1 mg L
-1

 of NAA auxin gave it the highest rate of plant height of 9.45 cm, 

followed by the two treatments of 0.0 concentration of BA with 0.3 mg L
-1

 and 0.2 mg L
-1

 of NAA, which gave 6.70 

and 6.30 cm, respectively. while the treatment with a concentration of 1.0 mg L
-1

 of BA with 0.1 mg L
-1

 of NAA 

auxin recorded the lowest plant height of 1.73 cm. 

Table (1) Effect of different concentrations of BA and NAA and the interaction between them on branch length 

(cm) of Chia plants after four weeks of planting.  

Concentration 

BA (mgl
-1

) 

Concentration NAA (mgl
-1

) Rate of BA 

 0.0  0.1 0.2 0.3 

0.0 5.21 9.45 6.30 6.70 6.91 

0.5 3.64 4.02 2.83 5.20 3.92 

1 3.65 1.73 2.15 5.79 3.33 

2 2.65 3.10 3.06 2.62 2.86 
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3 3.35 3.60 2.80 2.20 2.99 

Rate of NAA 3.70 4.38 3.43 4.50  

L.S.D 0.05 BA NAA BA×NAA 

0.236 0.211 0.472 

 

The effect of the interaction between BA and NAA on the number of branches of the Chia plant 

It is clear from the results of Table (2) that there is a significant difference when adding the growth regulator BA 

with different concentrations in the agricultural medium for the characteristics of the number of branches of the shea 

plant (Figure 1) whereas, the concentration of 3.0 mg L
-1

 gave the highest average number of branches, which was 

5.02 branches. plant
-1

, whereas, the comparison treatment recorded the lowest rate in the number of branches, which 

amounted to 2.62 branches. plant
-1

. As for the effect of auxin NAA, the results showed in the same table that there 

were no significant differences between the studied concentrations in the character of the number of vegetative 

branches, and this is due to the action of auxin in cell division and an increase in the length of vegetative branches 

not in its preparation, unlike the action of cytokinin, which works to increase the number of branches by eliminating 

apical dominance. The same table also shows that there are significant differences in the interaction between the 

growth regulators BA and NAA in the average number of branches, whereas, treatment with a concentration of 2.0 

mg L
-1

 of BA with 0.0 mg L
-1

 of NAA gave the highest rate in the number of branches that reached 7.42 branches. 

Plant
-1

, which did not differ significantly from treatment with a concentration of 3.0 mg L
-1

 of BA with 0.2 mg L
-1

 of 

NAA, gave an average number of branches of 6.18. plant
-1

. whereas, the interaction between the BA-free treatment 

and the concentration of 0.1 mg L
-1

 of NAA gave the lowest rate in the number of branches, which was 2.30 

branches. plant
-1

.  

Table (2) Effect of different concentrations of BA and NAA and the interaction between them on the number of 

shoots (Branch. Plant
-1

) of shea plant after four weeks of planting. 

Concentration 

BA (mgl
-1

) 

Concentration NAA (mgl
-1

) Rate of BA 

0.0 0.1 0.2 0.3 

0.0 2.76 2.30 2.74 2.70 2.62 

0.5 4.42 4.78 5.50 4.14 4.71 

1 5.30 4.30 3.90 2.90 4.10 

2 7.42 4.30 4.10 2.46 4.57 

3 3.00 5.50 6.18 5.40 5.02 

Rate of NAA 4.58 4.24 4.48 3.52  

70 



Ahmed et al., vol 17 , issue 1 , 2023 

https://doi.org/10.24126/jobrc.2023.17.1.702   

 
 

L.S.D 0.05 BA NAA BA×NAA 

0.766 0.685 1.531 

The effect of the interaction between BA and NAA on the number of knots of chia plants. 

The results of Table (3) showed the superiority of the treatment of benzyl adenine BA with a concentration of 0.5 

mg L
-1

 by giving it the highest rate in the number of knots characteristic which reached (8.21) knots. plant
-1

 did not 

differ significantly from the treatment with a concentration of 3.0 mg L
-1

, which gave a knot number of 7.77 knots. 

plant
-1

. The two treatments (1.0 and 2.0) were followed by (1.0 and 2.0) mg L
-1

, giving them an average knot 

number of 6.45 knots. plant
-1

, while the comparison treatment gave the lowest rate in the number of nodes, which 

was 5.15 knots. plant
-1

. The results of the same table showed that there was no significant effect of the different 

concentrations of the growth regulator NAA on the average number of knots of Chia plants. As for the interaction 

between the growth regulators BA and NAA, the results of the table show significant differences, as the 

concentration of 3.0 mg L
-1

 of BA with 0.2 mg L
-1

 of NAA gave the highest rate in the number of knots reaching 

10.40 knots. plant
-1

, whereas, the BA-free treatment with interaction with concentration 0.2 mg L
-1

 of NAA gave the 

lowest rate in the number of knots amounting to 4.80 knots. plant
-1

. 

 

Table (3) Effect of different concentrations of BA and NAA and the interaction between them on the number of 

nodes (node. plant
-1

) of Chia plants after four weeks of planting. 

Concentration 

BA (mgl
-1

) 

Concentration NAA (mgl
-1

) Rate of BA 

0.0 0.1 0.2 0.3 

0.0 5.20 5.00 4.80 5.60 5.15 

0.5 7.60 8.92 9.32 7.00 8.21 

1 7.80 5.40 5.60 7.00 6.45 

2 7.60 5.40 6.20 6.60 6.45 

3 4.90 9.60 10.40 6.20 7.77 

Rate of NAA 6.62 6.86 7.26 6.48  

L.S.D 0.05 BA NAA BA×NAA 

0.971 0.869 1.943  
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Effect of BA and NAA on leaf count of Chia plant.  

The results of the statistical analysis shown in Table (4) showed that there were significant differences when adding 

different concentrations of Benzyl Adenine BA (3.0, 2.0, 1.0, 0.5) mg L
-1

 in the number of leaves. The treatment 

with a concentration of 0.5 mg L
-1

 significantly outperformed it by giving it the highest average number of leaves 

that reached 13.75 leaves. plant
-1

, which differed significantly from the rest of the treatments, while the comparison 

treatment recorded the lowest value for the average number of leaves reaching 10.75 leaves. plant
-1

 and the same 

table indicate that there is a significant difference when adding concentrations of the growth regulator NAA to the 

nutritional medium according to the studied feature. The treatment with a concentration of 0.2 mg L
-1

 significantly 

outperformed all other treatments, while the comparison treatment recorded the lowest value for the studied trait, 

which amounted to 10.68 leaves. plant
-1

, while the results of the interaction between BA and NAA showed a 

significant difference, the treatment with a concentration of 0.5 mg L
-1

 of BA with a concentration of 0.2 mg L
-1

 of 

NAA recorded the highest value for the average length of vegetative branches amounted to 19.40 leaves. plant-1. It 

was followed by treatment with a concentration of 3.0 mg L
-1

 of BA and a concentration of 0.2 mg L
-1

 of NAA, 

where they recorded an average number of leaves of 15.60 leaves. plant
-1

. While the treatment with a concentration 

of 3.0 mg l
-1

 and the NAA-free treatment recorded the lowest average of 9.80 leaves. plant
-1

. 

 

 

 

Table (4) The effect of different concentrations of BA and NAA and the interaction between them on the average 

number of leaves (leaf. plant
-1

) of Chia plants after four weeks of planting. 

Concentration 

BA (mgl
-1

) 

Concentration NAA (mgl
-1

) Rate of BA 

0.0 0.1 0.2 0.3 

0.0 10.40 10.40 10.80 11.40 10.75 

0.5 10.80 12.40 19.40 12.40 13.75 

1 10.20 11.80 11.60 12.00 11.40 

2 12.20 14.60 12.40 11.60 12.70 

3 9.80 14.00 15.60 12.80 13.05 

Rate of NAA 10.68 12.64 13.96 12.04  

L.S.D. 0.05 BA NAA BA × NAA 

1.517 1.357 3.034          
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The effect of the interaction between BA and NAA on the fresh weight of Chia plants 

The results of Table (5) indicated that there was a significant difference between the concentrations of the growth 

regulator BA in the fresh weight of the Chia plant, where the concentration of 3.0 mg L
-1

 gave the highest average in 

the fresh weight of 0.4331 g, followed by the comparison treatment, which gave 0.4024 g. While the concentration 

of 1.0 mg L
-1

 recorded the lowest average in the fresh weight of 0.3010 g. The results also showed that the addition 

of the growth regulator NAA in the food medium gave significant differences between the treatments in the 

characteristic of the fresh weight of the shea plant, as the concentration exceeded 0.1 mg l
-1

 giving it the highest 

average fresh weight of 0.4266 gm. The concentration was followed by 0.3 mg L
-1

 giving it a fresh weight of 0.3862 

g while the comparison treatment recorded the lowest average in fresh weight, which was 0.3297 g. As for the 

interaction between growth regulators BA and NAA, the concentration of 2.0 mg L
-1

 of BA in interaction with a 

concentration of 0.1 mg L
-1

 of NAA gave the highest fresh weight of 0.5964 g. While the interaction between the 

concentration of 1.0 mg L
-1

 of BA with the NAA-free treatment gave the lowest average fresh weight of 0.2404 g. 

Table (5) The effect of different concentrations of BA and NAA and the interaction between them on the fresh 

weight (g) of chia plants after four weeks of planting. 

Concentration 

BA (mgl
-1

) 

Concentration NAA (mgl
-1

) Rate of BA 

0.0 0.1 0.2 0.3 

0.0 0.4739 0.4559 0.3886 0.2913 0.4024 

0.5 0.3136 0.3292 0.2948 0.4618 0.3499 

1 0.2398 0.2441 0.2865 0.4336 0.3010 

2 0.3333 0.5964 0.4249 0.2404 0.3988 

3 0.2880 0.5076 0.4328 0.5041 0.4331 

Rate of NAA 0.3297 0.4266 0.3655 0.3862  

L.S.D 0.05 BA NAA BA×NAA 

0.02219 0.01985 0.04437 

 

The effect of the interaction between BA and NAA on the dry weight of Chia plants 

The results of Table (6) indicate that there is a significant difference between the concentrations of the growth 

regulator BA in the average dry weight of the shea plant, where the comparison treatment recorded the highest 

average dry weight of 0.04237 g while the concentration of 1.0 mg l
-1

 of benzyl adenine showed the lowest dry 

weight of 0.0239 gm. The same table shows a significant effect of the NAA regulator on the average dry weight of 

chia plants, where the concentration of 0.2 mg L
-1

 gave the highest dry weight rate of 0.04294 g, while the other 
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concentrations did not differ between them significantly. The results of the statistical analysis shown in Table (6) 

showed a significant effect of the interaction between the growth regulators BA and NAA, where the treatment with 

a concentration of 0.5 mg L
-1

 of BA and 0.2 mg L
-1

 of NAA recorded the highest dry weight rate of 0.06219 g 

whereas the concentration of 2.0 mg L
-1

 of BA in interaction with the NAA-free treatment recorded the lowest dry 

weight average of 0.02118 g. 

Table (6) The effect of different concentrations of BA and NAA and the interaction between them on the average 

dry weight (g) of Chia plants after four weeks of planting. 

Concentration 

BA (mgl
-1

) 

Concentration NAA (mgl
-1

) Rate of BA 

0.0 0.1 0.2 0.3 

0.0 0.05278 0.04288 0.03563 0.03820 0.04237 

0.5 0.02329 0.02409 0.06219 0.02989 0.03486 

  1 0.02398 0.02031 0.02422 0.02746 0.02399 

2 0.02118 0.03228 0.04284 0.02421 0.03013 

3 0.02292 0.03455 0.04983 0.02301 0.03258 

Rate of NAA 0.02883 0.03082 0.04294 0.02855  

L.S.D 0.05 BA NAA BA×NAA 

0.005620 0.005027 0.011241 

 

Discussion 

       It is evident from the results of Tables (1, 2, 3, 4, 5, and 6) that there are significant differences between the 

different concentrations of the growth regulator BA in the studied traits, which are the length of the vegetative 

branches, the number of vegetative branches, the number of leaves, the number of nodes, and the fresh and dry 

weight. The positive effect of BA in increasing the number of branches, leaves, nodules, and fresh and dry weight 

may be due to the role of cytokinins in promoting vegetative growth by stimulating cell division and differentiation 

and attracting nutrients to the treated plant parts (13). In addition to the role of cytokinins in reducing the activity of 

apical dominance and the inhibitory effect of auxin in lateral buds and their role in the vascular differentiation of 

lateral buds, which facilitates the detection, growth, and branching of these buds (14) (15) (16). In addition, 

cytokinins have a role in impeding the process of protein and chlorophyll catabolism and stimulating photosynthesis 

enzymes, whose effect is reflected in increasing cell size and encouraging the process of division and morphological 

differentiation, especially when the proportion of cytokinins added to the food medium reaches a state of balance 

with the internal content of the plant part (17). As for the reason for obtaining the highest number of branches when 

treating the interaction between the concentration of cytokinin BA and auxin NAA, it may be due to the 
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effectiveness of cytokinin in the replication events of vegetative branches increases in the presence of auxin, that is, 

the effect increases when they are present together in the food medium (18) (19). The presence of high 

concentrations of cytokinin and low auxin in the nutrient media stimulates the formation of vegetative buds that 

grow into branches (20). These results are in line with (21) when propagating the Damascene rose plant, where the 

concentration is 2.0 mg. L
-1

 of BA in combination with NAA at a concentration of 1.0 mg. L
-1

 gave the best number 

of vegetative branches. 

 

Figure (1) The effect of BA and NAA on the doubling of Chia plant branches after four weeks of 

cultivation on MS medium. 

The effect of the interaction between IBA and BR on the average number of roots of Chia plants 

Table (7) shows that there were no significant differences between the concentrations of the growth regulator indole 

butyric acid IBA in the characteristic of the number of roots of the Chia plant. It seems that the addition of 

Brassinosteroid hormone to the nutrient media was better in the formation of adventitious roots, as the concentration 

of 0.1 μg gave the highest average number of roots, which reached 9.47 roots. This was followed by a concentration 

of 0.2 micrograms, which gave an average number of roots of 8.83 roots while the comparison treatment recorded 

the lowest average number of roots, which was 4.44 roots. As for the interaction between the growth regulators IBA 

and BR, the treatment with a concentration of 0.0 mg L
-1

 of IBA and the treatment with a concentration of 0.2 μg 

gave the highest root number of 12.38 roots which did not differ significantly from the treatment of 0.0 mg L
-1

 of 

IBA with 0.1 µg of BR, which gave an average root number of 10.90. plant
-1

, while the auxin and brassinosteroid-

free treatment did not give any number of roots.  
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Table (7) Effect of different concentrations of IBA and BR and the interaction between them on the average number 

of roots (root.plant
-1

) of Chia plants after four weeks of planting. 

IBA              BR    0.0 0.1 0.2 Rate of IBA 

 0.0  0.0 10.90 12.38 7.76 

1 6.43 8.70 8.20 7.78 

2 6.90 8.80 5.90 7.20 

Rate of BR 4.44 9.47 8.83  

L.S.D 0.05 IBA BR IBA × BR 

1.372 1.372 2.376 

 

Effect of growth regulators IBA and BR on the average root length of Chia plants. 

The results of Table (8) show that there are significant differences between the concentrations of the growth 

regulator indole butyric acid IBA in the average root length. The treatment with a concentration of 2.0 mg L
-1

 was 

superior to it by giving it the highest rate of root lengths which reached 4.95 cm. This was followed by treatment 

with a concentration of 1.0 mg L
-1

, which gave an average root length of 4.87 cm whereas the comparison treatment 

gave the lowest mean of root lengths, which was 3.64 cm. As for the effect of different concentrations of BR, the 

treatment with a concentration of 0.1 μg gave the highest average for the longest roots, which was 5.54 cm followed 

by the treatment with a concentration of 0.2 micrograms, which recorded an average of root lengths of 5.19 cm 

whereas the comparison treatment recorded the lowest mean of root lengths, which was 2.73 cm. The results of the 

statistical analysis in Table (8) also showed a significant effect of the interaction between the growth regulators IBA 

and BR. The treatment with a concentration of 0.0 of IBA and a concentration of 0.1 μg of BR outperformed it by 

giving it the highest rate of root lengths of 6.52 cm whereas, the treatment without the growth regulators, 

indolebutyric acid and brassinosteroids, recorded the lowest mean of root lengths, which was 0.0.  

 

Table (8) The effect of different concentrations of BA and NAA and the interaction between them on the average 

root length (cm) of chia plants after four weeks of planting. 

IBA          BR 0.0 0.1 0.2 Rate of IBA 

0.0   0.0 6.52 4.40 3.64 

1.0 3.40 5.50 5.70 4.87 

2.0 4.78 4.60 5.48 4.95 
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Rate of BR 2.73 5.54 5.19  

L.S.D 0.05 IBA BR IBA × BR 

0.818 0.818 1.416 

 

The results of Tables (7 and 8) show that there is a significant effect of the auxin growth regulator in stimulating the 

formation of roots on the branches resulting from the multiplication stage of the Chia plant (Figure 2), as the 

division of root primordia cells depends on the type of auxin, whether natural or added, meaning that the effects The 

physiology of the presence of auxins lie in the increase in cell division and it transforms specialized adult cells into 

meristem cells, thus forming the adventitious root meristem, whose cells divide to form roots (22). Auxins are 

characterized by their ability to regulate growth by stimulating elongation in plant cells. Many types of research and 

studies indicated that the concentration of auxin had a significant effect on rooting percentage, the number of roots 

and their lengths formed. The positive effect of IBA in stimulating the formation and length of roots is due to its role 

in encouraging the emergence of adventitious roots by stimulating cell division and elongation (23). 

Brassinosteroids play an important role in stimulating cell division and root elongation as a new type of plant 

hormone (24) (25) and in stimulating the top-down polar transfer of auxin that stimulates root growth and 

development (26). 

These results agree with (27) when rooting stevia branches on MS medium supplemented with different 

concentrations of IBA and BR where the concentration gave 2.0 μg. L-1 has better rooting compared to other 

concentrates. 

 

Figure (2) Effect of IBA and BA on rooting of Chia plants grown on MS medium after four weeks of 

cultivation.  
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Micropropagated stage 

Four weeks after starting the micropropagation process, the plants resulting from tissue culture in the 

development room were transferred to grow in greenhouse conditions, and after 6 weeks of transfer to the 

greenhouse, the plants were successful in surviving (Figures 3 and 4) and growing by 100%. 

                                   Figure (3) Plant micropropagation 

Conclusion  

The addition of BA at the doubling stage stimulated an increase in the number of vegetative branches, as it achieved 

the highest rate at a concentration of 3.0 mg L-1, while we notice a decrease in the length characteristic, and this 

may indicate an inverse relationship between increasing the number and length of branches. The addition of auxin 

with the presence of cytokinin achieved the highest increase in the number of vegetative branches, which indicates 

the existence of a cooperative relationship to a certain extent. With regard to rooting, we conclude that 

brassinosteroids have an effective role in the rooting process compared to indole butyric acid. 
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 الولخص

 ػيٚ ٗصساػخٔ ٗحؼقَٞٔ ّببحٜ ػع٘ اٗ ّسٞح اٗ خيٞت ػضه اىْببحٞت ٕٜ احذٙ اىخقبّبث الاحٞبئٞت اىخٜ حؼْٜ دتالاّس صساػت حقْٞت خلفية عن الوىضىع:

 اىزٛ ىلأصو ٍشببٔ مبٍو ّببث اىٚ اىَضسٗع اىدضء حط٘س ثٌ ٍِٗ اىَشظٞت اىَسبببث ٍِ حَبٍب خبىٞت ظشٗف ٗححج ٍؼقَت اصطْبػٞت غزائٞت اٗسبغ

 ،مَب ػشفٖب اىبؼط الاخش ببّٖب اىضساػت اىَؼقَت ىيخلاٝب, الاّسدت ،ٗالإظبءة ٗاىشغ٘بت اىحشاسة ٍِ ػيٖٞب ٍسٞطش تبٞئٞ ظشٗف ححج رىل ٗٝخٌ ٍْٔ أخز

 الاػعبء ٍٗنّ٘بحٖب ححج ظشٗف مَٞٞبئٞت ٗفٞضٝبئٞت ٍؼْٞت خبسج اىدسٌ اىحٜ.

 الاّسدت اىْببحٞت.ٕذفج ٕزٓ اىذساسٜ اىٚ امثبس ّببث اىشٞب اىطبٜ ببسخخذاً حقْٞت صساػت الهذف هن البحث: 

ّفز اىبحث فٜ ٍخخبش صساػت الاّسدت اىْببحٞت اىخببغ ىنيٞت اىضساػت خبٍؼت الاّببس. صسػج بزٗس ّببث اىشٞب اىَؼقَت ػيٚ اى٘سػ الوىاد وطرائك العول: 

( ببسخخذاً ٍلاقػ Vialْت )ىغشض اىحص٘ه ػيٚ َّ٘اث خعشٝت فٜ اّببٞب اىضساػت ٗب٘اقغ بزسة ىنو قْٞ  GA3اىَدٖض بَْظٌ اىَْ٘  MSاىغزائٜ 

ٍدٖض  MSسٌ ٗصسػج ػيٚ ٗسػ 1 ٍؼقَت ٍسبقب ببىنح٘ه ٗاىيٖب. ٗبؼذ اىحص٘ه ػيٚ اىَْ٘اث اىَطي٘بت قطؼج اىؼقذ اىسبقٞت  اىٚ اخضاء بط٘ه 

( ٍيغٌ ىخش0.5 ، 1 ، 2 ، 3) BAبخشامٞض ٍخخيفت ٍِ 
-1

(  ٍيغٌ ىخش 0.1 ، 0.2 ، 0.3) NAAٗببىخذاخو ٍغ  
-1

ٗحعبػف الافشع اىخعشٝت بٖذف ّش٘ء  

( ػيٚ دسخت حشاسة Growth roomٍنشساث ىنو ٍؼبٍيت ٗحعْج اىضسٗػبث فٜ غشفت اىَْ٘ ) 10( ٗب٘اقغ 4×  4ظَِ حدشبت ػبٍيٞت بؼبٍيِٞ )

2±25 ً
o

( ٍيغٌ ىخش0، 1 ، 2) IBAسبػبث. ٗفٜ حدشبت اىخدزٝش اسخخذٍج حشامٞض ٍخخيفت ٍِ  8سبػت ٗظلاً  16ٗاظبءة  
-1

 BRو ٍغ ٗببىخذاخ 

( ٍيغٌ ىخش0.2 ،  0،0.1)
-1

 ٗاخزث اىقٞبسبث بؼذ شٖش. 

 ى٘حع ٍِ خلاه اىْخبئح اىَسخحصو ػيٖٞب ٗخ٘د فشٗق ٍؼْ٘ٝت بِٞ اىخشامٞض اىَخخيفت ىَْظَبث اىَْ٘ اىَسخخذٍت فٜ اىخدشبت فٜ حعبػف الافشعالنتائج: 

 ٗحدزٝشٕب.

ٗببىْسبت ىيخدزٝش فقذ حف٘ق ٍْظٌ اىَْ٘  BAاىخفشػبث ميَب صاد حشمٞض ٍْظٌ اىَْ٘  فَٞب ٝخص ٍشحيت اىخعبػف ْٕبك صٝبدة فٜ ػذدالاستنتاجات: 

 اىبشاسْٞ٘سخشٗٝذاث ػيٚ الاٗمسِٞ اّذٗه بٞ٘حشك اسذ فٜ اغ٘اه اىدزٗس ٗاػذادٕب.

  

 حقْٞت صساػت الاّسدت. ،اىؼقذ اىسبقٞت ،الأٗساق  ،ٕشٍُ٘ اىدبشىِٞ  ،ّببث اىشٞب الكلوات الوفتاحية: 
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