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ABSTRACT 

 
Establishment of Tagetes erecta and T. patula calli cultures from leaf, stem and root explants were 

established under light or dark conditions on MS medium supplemented with different concentrations of NAA 
as auxin and BAP as cytokinin. Results revealed that, all calli cultures exhibited the highest fresh and dry 
weights, reaching the maximum at the fourth week of cultivation. Also, the addition of 7.0 ppm of NAA and 
10.0 ppm of BAP to MS-medium was found to be the best among all tested media giving significant healthy and 
rapidly growing calli from the used different explants. 
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Abrev.: NAA-Naphthaline acetic acid 
BAP-Benzyle amino purine 
M.S-Murashige and Skooge medium 
 
Introduction 
 

Marigolds (Tagetes species), belong to family Asteraceae are typically grown for ornamental purposes as 
bedding plants, studies have found that they can be highly toxic to plant parasitic nematodes and are capable a 
wide range up to (14 genera) of nematode pests (Suatmadji, 1969). The marigold species most often used for 
control are Tagetes patula, T. erecta and T. minuta. through biochemical interaction known as allelopathy when 
a plant releases compounds that are toxic to other plants, microorganisms or other organisms such as nematodes. 
Marigold plants produce a number of potentially bioactive compounds, among which α-terthienyl is one of the 
most toxic (Lashein, 2010). 

Ketel et al. (1985) observed that appearance and differentiation of Tagetes calli from leaf explants of 
Tagetes species differ among species and affected by the composition of the nutrient medium in which the 
original plants were grown. Moreover, they found that, the type of nutrient solution altered the type of 
morphological composition differentiation calli of T.minuta L and showed little differentiation and resulted in 
suspensible callus after two passage. Calli of T. erecta differentiated rapidly and turned dark brown after one 
passage, the morphology of calli from T. patula was intermediate. Poli et al. (1991) reported that,  leaf calli of T. 
patula L. obtained from 7-8 weeks old leaves and influenced by light / dark succession were subcultured for 
many months in MS medium supplemented with 2% sucrose, 0.5 mg/1 NAA and 5 mg/1 BA. The secondary 
calli showed 4 to 6 fold higher fresh weight increment in 2 weeks while the tertiary ones only doubled their 
weight in the same period.  Belarmino et al. (1992) reported that pretreatment of hypocotyl and leaf explants of 
African marigold (T. erecta) with 1.0% ascorbic acid significantly reduced excessive browning of excised 
explants tissue. This method, together with interval transfer of calluses onto fresh culture medium, was effective 
in preventing further tissue browning of calluses cultured on MS medium supplemented with various 
concentrations and combinations of  NAA and BAP. Response of the explants from the two organs varied in 
terms of calli formation and plantlets regeneration from hypocotyls-derived calli occurred on MS medium 
containing 0.2-1.0 mg NAA and 0.5-5.0 mg BA / litre, whereas leaf derived calluses produced mainly roots and 
green spots in some plant growth regulator combinations. Moreover, they stated that, leaf explants also 
produced large yellow calli on MS medium containing 5.0 mg NAA and 0.2-5.0 mg BA/litre. On other hand, 
Benavides (1997) studied the effect of sucrose, light and the number of subcultures on growth and thiophene 
formation in cell suspension and root cultures of T. argentina.  Thiophenes were produced without differences in 
undifferentiated cell suspension cultures. In root cultures, light increased the secondary metabolites synthesis from the 
second week of culture. The aim of this work is as follow: 
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a- Establishment of calli cultures from leaf, stem and root explants of Tagetes erecta and T. patula. 
b- Determine the effect of MS-medium supplemented with different concentrations of NAA and BAP on 

mass cullus production. 
 
Materials and Methods 

 
Tagetes erecta and T. patula seeds were obtained from Horticulture Division, Faculty of Agriculture, Cairo 

University, Egypt.  
 
1. Establishment of sterilized Tagetes seedlings: 

 
Establishment of sterilized T. erecta and T. patula seedlings was carried out according to the method described 

method by Osman et al. (2008a). 
 
2.Establishment of calli cultures from different explants of Tagetes. 

 
In vitro aseptically grown T. patula and T. erecta seedlings after 30 days  were used as sources of different 

explants i.e. leaf, stem and root. Three sections 3-4 mm in diameter of each plant part were excised and cultured in 
150 ml of glass jars containing 25 ml of three types of the following media: 

1. MS- medium supplemented with 5.0 ppm of NAA and 5.0 ppm of BAP. 
2. MS-medium supplemented with 7.0 ppm of NAA and 10.0 ppm of BAP. 
3. MS-medium supplemented with 10.0 ppm of NAA and 15.0 ppm of BAP.  
 
Cultures of all treatments were divided into two groups. First group was maintained under light condition 16 

h/day photoperiod at intensity of 3000 lux from cool light fluorescent lamps for 4 weeks. The second group was 

maintained under dark condition for 4 weeks. All cultures were incubated at 26 1°C for each explant, five replicates 
were used. The fresh and dry weights were recorded after 4 weeks. Stock of calli was mentained after one subculture 
(4 weeks). 
 
3. Calli growth measurements: 

 
The growth of the leaf, stem and root calli cultures was measured in terms of fresh weights (FW) as well as dry 

weights (DW). The explants were placed between the folds of blotting paper to remove excess moisture and the fresh 
weight was then determined. Dry weight was measured after drying the fresh materials in an oven at 60 ± 1°C for 48 
hrs. 
 
Results: 
 

Data presented in Tables (1, 2) and Figs (1, 2, 3 and 4)  indicated that, all calli cultures of different explants of T. 
patula and T. erecta exihibited the highest fresh and dry weights, reaching the maximum at the fourth week of 
cultivation. Data also cleary showed that the addition of 7.0 ppm of NAA and 10.0 ppm of BAP to MS-medium was 
found to be the best among all tested media giving significant healthy and rapidly growing calli from the different 
explants. The best values of calli fresh weight (FW) were 4.52, 2.82 and 3.70 (g/jar) for callus cultures derived from 
leaf, stem and root explants of T. patula; respectively under dark conditions as compared with the incubation under 
light conditions. However they were 3.92, 2.87 and 2.41 (g/jar) for leaf, stem and root explants of T. patula; 
respectively under light conditions. On the other hand, the best value of calli fresh weight, 3.76 (g/jar) was recorded 
for leaf calli cultures of T. erecta under dark condition as compared with callus cultures derived from stem and root 
explants under light or dark conditions. Moreover, the best value of calli dry weights (DW) 0.37, 0.23 and 0.29 (g/jar) 
were recorded for leaf, stem and root explants of T. patula; respectively under dark condition. However, they were 
0.30, 0.24 and 0.29 (g/jar) for leaf, stem and root explants of T. patula; respectively under light condition. Whereas, 
the highest calli dry weights (DW) were 0.29, 0.22 and 0.25(g/jar) for leaf, stem and root explants; respectively of T. 
erecta under dark condition as compared with incubation under light condition.  

 
Table 1: Effect of MS-medium supplemented with three concentrations of NAA and BAP on callus fresh weight (g/jar) of T. patula and T.  
              erecta L.  explants (leaf, stem and root) at 26±1°C under light or dark conditions after 4 weeks of cultivation. 
Plant variety Incubation condition Media Leaf Stem Root 
 
 
 
T. patula 

 
Light 

MS1 2.65 ± 0.0911  1.871 ±  0.099 2.177  ± 0.65 
MS2 3.929 ± 0.222 2.871 ± 0.552 2.413  ± 0.1569 
MS3 3.217± 0.3375 2.133 ± 0.1349  2.3153 ± 0.289  

LSD at α 0.05 level 0.4781 0.6659 0.3876 
 MS1 3.594 ± 0.0727 2.948 ± 0.0696 3.314  ± 0.0985 
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Dark MS2 4.5233±0.5217 2.823 ± 0.459 3.7023± 0.4382 
MS3 3.92 ± 0.138 2.997 ± 0.138  3.391 ± 0.1501 

LSD at α 0.05 level 0.6283 0.5589 0.5463 
 
 
 
T. erecta 

 
Light 

MS1 2.534 ±  0.393 1.724 ±  0.166 2.3356 ±  0.331 
MS2 3.1073±0.1379 2.3917± 0.1635 3.112  ± 0.2834 
MS3 2.802±  0.7411 1.8486± 0.0814 2.117±   0.0207 

LSD at α 0.05 level 0.9806 0.2847 0.5033 
 
Dark 

MS1 3.2457±0.1812 2.3506± 0.1120 2.9963± 0.3771 
MS2 3.769± 0.2297 2.5803± 0.1603 3.1406 ±0.2478 
MS3 3.293± 0.366 2.81 ±0.186 3.171± 0.024 

LSD at α 0.05 level 0.5405 0.3118 0.5212 
Light: 16h/day 
Dark: 24h/day  
Mean ± Standard Division (SD). 
Each mean is the average of five replicates. 
MS1: 5.0 ppm NAA and 5.0 ppm BAP. 
MS2: 7.0 ppm NAA and 10.0 ppm BAP. 
MS3: 10.0ppm NAA and 15.0 ppm BAP. 
 
Table 2: Effect of MS-medium supplemented with three concentrations of NAA and BAP on callus dry weight (g/jar) of T. patula and T.  
              erecta L. explants (leaf, stem and root) at 26±1°C under light or dark conditions after 4 weeks of cultivation. 
Plant variety Incubation condition Media Leaf Stem Root 

 
 
 
T. patula 

 
Light 

MS1 0.1917±0.004 0.1637 ±0.008 0.184± 0.005 
MS2 0.3037± 0.02 0.248± 0.037 0.295 ±0.007 
MS3 0.2263±0.0549 0.1576±0.0399 0.1977± 0.053 

LSD at α 0.05 level 0.0676 0.0639 0.0623 

 
Dark 

MS1 0.2293±0.0279 0.2077±0.0151 0.2447± 0.305 
MS2 0.372 ±0.021 0.233± 0.036 0.292± 0.0052 
MS3 0.2517±0.0384 0.189± 0.0216 0.2427±0.0402 

LSD at α 0.05 level 0.06 0.0516 0.0586 

 
 
 
T. erecta 

 
Light 

MS1 0.177± 0.0368 0.1473±0.0184 1.837 ±0.01 
MS2 0.2357±0.0261 0.1937± 0.024 0.211± 0.065 
MS3 0.1843± 0.009 0.1527±0.0257 0.1483± 0.0472 

LSD at α 0.05 level 0.0533 0.0462 0.0934 

 
Dark 

MS1 0.2303 ±0.02 0.1897± 0.029 0.2373± 0.0428 
MS2 0.29± 0.074 0.2243±0.0075 0.2517± 0.0489 
MS3 0.244 ±0.0088 0.1773±0.0318 0.2247±0.01195 

LSD at α 0.05 level 0.0896 0.0507 0.0763 
Light: 16h/day 
Dark: 24h/day 
Mean ± Standard Division (SD).     
Each mean is the average of five replicates. 
MS1: 5.0 ppm NAA and 5.0 ppm BAP. 
MS2: 7.0 ppm NAA and 10.0 ppm BAP. 
MS3: 10.0ppm NAA and 15.0 ppm B 

 

 
 

Fig. 1: Calli derived from leaf, stem and root explants of T. patula cultured on MS-medium supplemented with  
            7.0 of NAA+10.0 of BAP for 4 weeks  under dark condition.  
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Fig. 2: Calli derived from leaf, stem and root explants of T. patula cultured on MS-medium supplemented with  
            7.0 of NAA+10.0 of BAP for 4 weeks under light condition.  

 
 

Fig.  3: Calli derived from leaf, stem and root explants of T. erecta cultured on MS-medium supplemented with  
             7.0 of NAA+10.0 of BAP for 4 weeks  under dark condition.  

 

 
  

Fig.  4: Calli derived from leaf, stem and root explants of T. erecta cultured on MS-medium supplemented with  
             7.0 of NAA+10.0 of BAP for 4 weeks  under light condition.  
 
Discussion: 

 
Concerning the use of plant biotechnology techniques to produce calli culture from different explants of T. 

erecta and T. patula was carried out in the present study. The best and significant result was recorded with MS-
medium supplemented with 7.0 mg/l of NAA + 10.0 mg/l of BAP as compared with other supplemented media. 
Moreover, the best explant for callus production was T. patula leaf explant as compared with other explants. 
Furthermore, the incubation of cultures under dark condition was better than the incubation under light 
condition. The previously mentioned results were in harmony with those obtained by Osman et  al. (2008a). 
They found that the MS-medium supplemented with 7.0 mg/l of NAA + 10.0 mg/l of BAP gave the highest 
growth rate and growth value under dark conditions. Further, the previous observation could be explained on the 
fact that these growth factors enhanced the protein synthesis, cell growth and cell division (Skoog & Schmitz, 
1972 and Gamborg & Shyluk, 1981). Moreover, Nussbaumer et al. (1998) reported that supplementation of B5 
medium with 1mg/l of each of NAA and BA gave the best results of growth value for Datura candida x D. 
aurea. Furthermore, Taha (1991) reported that, the best results of callus production from Matericaria recutita 
L.were achieved when 5 mg/l NAA + 2.5 mg/l kin were added to the culture medium. In this respect, Kothari 
&Chandra (1986) found that the best medium for callus induction from leaf explants of T. erecta was obtained 
by ougemented of MS-medium with 10.0 mg/l BAP + 2.0 mg/l NAA + 0.5 mg/l GA3  , whereas Belarmino et al. 
(1992) reported that 5 mg/l NAA and 0.2-0.5 mg/l BAP were the best concentrations for producing large yellow 
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calli from leaf explants. On other hand, Ekes-Kretovics et al. (1993) mentioned that the optimal condition of 
callus growth was obtained when callus was supplemented with 0.1 mg/l NAA. In general, those plant growth 
regulator combinations which induced a high frequency of callus formation also had improved callus growth. 
These results indicate that callus formation had been affected by plant growth regulator type and concentration, 
the ratio between auxin and cytokinin, and the type of explant. Similar results have been reported by Benavides 
& Caso (1993) for in vitro culture of T. erecta and T. mendocina.  

From the previous data, it can be concluded that, addition of 7.0 ppm NAA in combination with 10.0 ppm BAP 
to MS-medium gave the best results of callus induction with all used explants. Generally, it  also observed that, 
darkness showed better results of callus induction as compared with light condition in most treatments. T. patula leaf 
explants, gave the best mass calli culture when compared with stem or root explants. 
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