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ABSTRACT 

Lemon grass has been cultured in Iran due to its economic value and applications in food and pharmaceutical industries. 
Limonene is on  of the important compound in lemon grass essential oil. In this study, different plant growth regulators were 
used for callus induction in lemon grass. Root, shoot and leaf explants wee cultured on MS medium containing 2, 4-D (1, 2 
and 4 mg.l-1), BAP (0.1, 0.2 and 1 mg.l-1), hormonal combination of BAP + NAA (0.5+ 0.5 mg.l-1), 2, 4-D + BAP (1+ 1 
mg.l-1) and BAP + NAA (2+ 1 mg.l-1 ). The experiment was conducted as a factorial experiment in a completely randomized 
design with three replications. The results showed that the best treatment for increasing callus size, fresh and dry weight was 
BAP + NAA (0.5+ 0.5 mg.l-1 ), from leaf explants. Biotic and abiotic elicitors including MJ (50, 100 µM), SA (50, 100 µM), 
Tio2 ( 0.5, 2 mg.l-1) and yeast extract (0.5, 2 mg.l-1) were used for increasing limonene production in lemon grass cell 
culture. Used elicitors had no significant effect on limonene production in cell culture.  
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Table 2. Results of variance analysis effect of explant and plant growth regulators on some traits of Lippia citrodora 

in vitro culture.  
 Mean of squares  

df Sources of variation 
Callus dry weight Callus fresh weight Callus size 

0.121** 0.583** 449.35** 2 Explant (E) 

0.126** 0.738** 788.45** 6 Plant Growth Regulators (PGR) 
0.026** 0.072* 35.61* 12 E×PGR 

0.0062 0.021 15.72 42 Error 
50.82 27.86 22.46 - C.V (%) 

ns  �** � * �6/ R')$)  � � � .�C� b��]) ��W�)b��]  .�E�� A9 � ��� F�	�S  oB3 �� � � .�C�  
ns, * and **: Non- significantly difference and significantly difference at 5 and 1 percent of probability level, respectively difference, respectively. 
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Figure 1. Mean comparison interaction effect of explant and plant growth regulators on callus size of Lippia 

citrodora.  
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Figure 2. Mean comparison interaction effect of explant and plant growth regulators on callus fresh weight of Lippia 

citrodora.  
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Figure 1. Mean comparison interaction effect of explant and plant growth regulators on callus dry weight of Lippia 

citrodora.  
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Figure 4. Peak for injection of lemonene sample under salicylic acid 50 mg.l-1 treatment for 24 hours. 
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Table 1. Extracted limonene amount from Lippia citrodora suspension culture under biotic and abiotic elicitors. 

Percentage of limonene extracted  

in 100 mg of dry matter Area* Treatment time 

(hours) Concentration  Stimulant 

5.441 1603 - - Sample 
5.457 
5.507 
5.473 
5.48   

1762 
2267 

24 
50  

Methyl Jasmonate (µM) 
 

48 
1920 
1998 

24 
100 

48 
5.455 
5.527 
5.448 
5.456 

1741 
2459 

24 
50  

Salicylic acid(µM) 
 

48 
1672 
1752 

24 
100 

48 
5.477 
5.534 
5.473 
5.464 

1963 
2534 

24 
0.5 

Tio2(mg/l) 48 
1928 
1832 

24 
2 

48 
5.487 
5.479 
5.445 
5.471 

2066 
1983 

24 
0.5  

Yeast extract(mg/l) 
 

48 
1639 
1904 

24 
2 

48 
* oB3 �9$ �'A 1'?��	                                                                                                                                  * Area under the peak of limonene 
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