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SUMMARY. Our experiments used a robust plant species (Amaranthus 
retroflexus), that grows on various types of substrate and in a variety of 
stress conditions (drought, frost, flooding, etc.) to test its survival on 
culture media with glycerol as a substitute of sucrose. After aseptic seed 
germination, plantlets were grown on a calus induction culture medium 
(Gamborg basal medium enriched with NAA and kinetin). The non-
morphogenetic calus was cultured on four culture media with ascending 
glycerol concentration replacing sucrose as a carbon source. The survival 
and the growing rate of the caluses are factors that lead to the conclusion 
of succesful degradation of glycerol by A. retroflexus. Further biochemical 
analyses will reveal the biodegradation pathways and the secondary compounds 
production. 
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Introduction 

Glycerol is a secondary product from biodiesel production that is transformed in 
other useful compounds for polymer industry. The two enzymes that are involved 
in this process are lipase and decarboxylase.  

Amaranthus retroflexus, is an annual species belonging to Amaranthaceae 
family. It is native to the tropical Americas, but is widespread as an introduced species 
on most continents in a great number of habitats. The plant is monoecious, with 
individuals bearing both male and female flowers. The inflorescence is a large, dense 
cluster of flowers interspersed with spiny green bracts. The fruit is a capsule less than 
2 mm long with a "lid" which opens to reveal a tiny black seed (Pammel, 1903). 
A. retroflexus is an annual weed which reproduces only by seeds. It is a prolific seed 
producer, one single vigorous plant being capable of producing between 230,000 and 
500,000 seeds (Stevens, 1957). Seed production is in decline when light is limited 
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(MacLachlan et al., 1995). Germination requirements and dormancy patterns are also 
variable depending on species distribution and local climatic and ecological conditions 
so, generalizations should be avoided. Recent studies have suggested that germination is 
stimulated by light intensity and higher levels of temperature (Gallagher and Cardina, 
1997; Oryokot et al., 1997). 

A. retroflexus is an aggressive and competitive weed in a variety of row crops. It 
causes substantial damages in soyabean, maize, cotton, sugarbeet, sorghum, and many 
other vegetable crops (Weaver and MacWilliams, 1980). It is edible for animals 
and has a nutrient composition and digestibility at a level equivalent to that of alfalfa 
(Marten and Andersen, 1975; Moyer and Hironaka, 1993). Previous studies on in vitro 
multiplication and callus induction of other species of Amaranthus were performed 
with notable results (Flores et al., 1982; Bennici et al, 1992). The authors obtained 
callus starting from hypocotyl and stem tissues but also on leaf disks on A. cruentus, 
A. tricolor, A. hypochondriacus, A. caudatus and A. hybridus. Other studies have 
revealed antioxidant properties and antimicrobial effects on A. lividus respectively 
on A. spinosus (Ozsoy et al, 2009; Vardhana, 2011). 

The main objective of this study was to evaluate the capacity of this species 
to survive and grow on a culture medium containing glycerol as a carbon source. 
Further studies will determine the products resulted from glycerol degradation and 
their use in polymer industry. 

 
 
Materials and methods  

Seeds of A. retroflexus were sterilised with succesive washes in 70% ethanol 
for 30 seconds, 5 minutes with sterile distilled water, 5 minutes with Na hypoclorite 5% 
and 10 minutes with sterile distilled water. Then, seeds were transfered to (MS) culture 
medium (Murashige and Skoog 1962). After two weeks of aseptic seed germination, 
plantlets were grown on a callus induction culture medium B5 (Gamborg basal medium 
enriched with 0.1 mgL-1 NAA and 0.2 mgL-1 Kinetin) (Gamborg et al., 1968). The 
non-morphogenetic calus was grown on four variants of the same medium but with 
ascending glycerol concentration (from 0 to 30 g L-1) replacing the sucrose as a carbon 
source (Table 1).  

The growing rate was calculated as the weight (g) difference between the 
weight of callus at the end of experiments (40 days after transfer to media supplemented 
with glycerol) and the initial weight of callus (at the begining of the experiments). 
The difference was considered as the callus growth under the influence of glycerol 
addition in culture medium comparing with control. 

In our experiments calluses grown on the four media variants have been 
tested first for survival and then for growing with a specific rate in 5 repetitions 
each variant. 
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Table 1. 
Variants of culture media tested 

 

Media/supplement (g* L-1) 1 2 3 4 

Glycerol 0 10 20 30 

Sucrose 30 20 10 0 

 
 

Results and discussion 

Our experiments used seeds from Amaranthus retroflexus, that grows on various 
substrate types and in a variety of stress conditions (drought, frost, flooding, etc.) 
to test its survival on culture media with carbon source replaced by glycerol.  

As other authors explained, there is a metabolic pathway in plants that 
converts glycerol in glucose via gluconeogenesis (chlamypw.mpimp-golm.mpg.de; 
biologydiscussion.com). In this way, it can be used as a carbon source replacing 
sucrose in culture media when it is the only source available. For this reason we tested 
four culture media variants in order to evaluate the capacity of survival and growing 
rate on a medium with less or without glycerol, forcing the callus to adapt to another 
carbon source and to swich the metabolic pathway to convert glycerol.  

As a control we used a culture medium with 30 g L-1 sucrose without addition 
of glycerol, the rest of culture conditions remaining unchanged. The other three 
variants were media with a succesive addition of glycerol replacing sucrose in order to 
reach the same concentration of 30 g* L-1. It is known that glycerol is used in 
microbiology as an alternative carbon source, replacing sucrose with very good results 
(Stasiak-Rozanska et al., 2014; Chen et al., 2012). 

As it can be observed in Figures 1-4, the calluses survived, after 40 days of 
cultivation, on all four variants of culture media, keeping the same colour and texture.  

The growing rate varies from one medium to another having in general decreasing 
values with decreasing sucrose concentration and higher levels of glycerol concentrations. 
As it was expected, the best growing rate was obtained on standard medium without 
glycerol addition with an increase of 9.98 g (Fig. 1). Other high growing rates were 
recorded on medium with 10 g* L-1 glycerol and 20 g* L-1 sucrose with a gain of 
7.40 g in the 40 days period (Fig. 2). The increase of callus mass with 6.47 g was recorded 
on the third medium variant containing only 10 g sucrose and 20 g glycerol (Fig. 3). The 
most interesting result is the survival and the weight gain on the fourth medium tested 
where the carbon source was completely replaced by glycerol, forcing the cells to 
adapt to the alternative metabolic pathway converting glycerol to glucose to have 
an efficient energy source (Fig. 4).  

The survival and the growing rate of the calluses are factors that lead to the 
conclusion of succesful degradation of glycerol by A. retroflexus (Fig. 5). Further 
biochemical analyses will reveal the biodegradation pathways and the secondary 
compounds production. 
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Figure 1. Callus grown on control medium (no glycerol) 

 

 
Figure 2. Callus grown on culture medium with 10 g* L-1 glycerol 
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Figure 3. Callus grown on culture medium with 20 g* L-1 glycerol 

 

 
Figure 4. Callus grown on culture medium with 30 g* L-1 glycerol 
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Figure 5. Growth rate of A. retroflexus callus on the four essayed media variants. 
 
 

Conclusions 

The results presented above reveal a successful growth rate of callus on 
culture media with glycerol as an alternative source of carbon replacing sucrose in 
standard medium. It means that plant cells have switched their metabolic pathway 
to glycerol degradation to glucose and other similar compounds as energy source. 
These results may be used in industrial applications and could be a viable solution 
especially for the polymer industry that produces polyglycerol (one of the sub-
products). It offers a solution for consuming the big quantities of produced glycerol 
affecting the waste waters and the natural habitats. It could be a challenge for plant 
biotechnologies to help the industry having a positive impact to the environment. 
 
 

Acknowledgements 

This study was supported by Program Partnerships in Priority Domains – PN II 
developed with the support of MEN-UEFISCDI, Project no.273/2014 and by Romanian 
Academy, Project no. RO1567-IBB08/2016. 



EFFECTS OF GLYCEROL ON IN VITRO-GROWN AMARANTHUS RETROFLEXUS L. 
 
 

 
61 

 
REFERENCES 

 
Bennici, A., Schiff, S., Bovelli R. (1992) In vitro culture of species and varieties of four 

Amaranthus L. species, Euphytica 62(3), 181-186 
Chen, X. S., Ren, X. D., Dong, N., Li, S., Li, F., Zhao, F. L., Tang, L., Zhang, J. H., Mao, 

Z. G. (2012) Culture medium containing glucose and glycerol as a mixed carbon 
source improves ε-poly-L-lysine production by Streptomyces sp. M-Z18, Bioprocess 
Biosyst. Eng., 35(3), 469-75 

Ciocârlan, V. (2009) Flora ilustrată a României. Pteridophyta et Spermatophyta, Ceres, 
Bucureşti, pp. 241-245 

Flores Hector, E., Thier, A., Galston, A. W. (1982) In Vitro Culture of Grain and Vegetable 
Amaranths (Amaranthus spp.), American Journal of Botany 69(7), 1049-1054 

Gallagher, R. S., Cardina, J., (1997) Soil water thresholds for photoinduction of redroot 
pigweed germination, Weed Science, 45(3), 414-418  

Gamborg, O. L., Miller, R. A., Ojima, K. (1968) Nutrient requirement of suspensions 
cultures of soybean root cells, Exp. Cell Res., 50(1), 151-158 

Harsha-Vardhana, S., (2011) In vitro antibacterial activity of Amaranthus spinosus root extracts, 
Pharmacophore 2(5), 266-270 

Stasiak-Rózanska, L., Błazejak, S., Gientka, I. (2014) Effect of glycerol and dihydroxyacetone 
concentrations in the culture medium on the growth of acetic acid bacteria 
Gluconobacter oxydans ATCC 621, Eur. Food Res. Technol., 239, 453–461 

Marten, G. C., Andersen, R. N. (1975) Forage nutritive value and palatability of 12 common 
annual weeds, Crop Science, 15(6), 821-827 

McLachlan, S. M., Murphy, S. D., Tollenaar, M., Weise, S. F., Swanton, C. J. (1995) Light 
limitation of reproduction and variation in the allometric relationship between 
reproductive and vegetative biomass in Amaranthus retroflexus (redroot pigweed), 
Journal of Applied Ecology, 32(1), 157-165 

Moyer, J. R., Hironaka, R. (1993) Digestible energy and protein content of some annual 
weeds, alfalfa, bromegrass, and tame oats, Canadian Journal of Plant Science, 
73(4),1305-1308 

Murashige, T., Skoog, F. (1962) A revised medium for rapid growth and bio assays with 
tobacco tissue cultures, Physiologia Plantarum, 15, 473–497 

Oryokot, J. O. E., Murphy, S. D., Thomas, A. G., Swanton, C. J. (1997) Temperature- and 
moisture-dependent models of seed germination and shoot elongation in green and 
redroot pigweed (Amaranthus powellii, A. retroflexus), Weed Science, 45(4), 488-
496 

Ozsoy, N., Yilmaz, T., Kurt, O., Can, A., Yanardag, R. (2009) In vitro antioxidant activity 
of Amaranthus lividus L., Food Chemistry 116(4), 867–872 

Pammel, L. H. (1903) Some Weeds of Iowa, Experiment Station, Iowa State College of 
Agriculture and the Mechanic Arts, pp. 470 

Stevens, O. (1957) Weights of seeds and numbers per plant, Weeds, 5, 46-55 



C. BANCIU, A. MANOLE, G. -M. MARIA 
 
 

 
62 

Weaver, S. E., McWilliams, E. L. (1980) The biology of Canadian weeds. 44. Amaranthus 
retroflexus L., A. powellii S. Wats. and A. hybridus L., Canadian Journal of Plant 
Science, 60(4), 1215-1234 

http://chlamypw.mpimp-golm.mpg.de/CAP/ 
http://www.biologydiscussion.com/plants/ 


