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Abstract. The paper presents data on the caffeine’s effect on microplants. 
As part of the rooting medium, caffeine can produce both positive and 
negative effects, depending on the concentration. The most effective range 
of caffeine concentrations in a nutrient medium, when plants of the Rubus 
genus are rooting, was determined – from 1 to 100 mg/l. The use of caffeine 
in optimal concentration enabled the acceleration of roots growth, increase 
in rooting frequency, and the number of roots per rooted microcuttings. A 
concentration of caffeine in excess of 0.1% has a negative effect on plant 
tissues, slowing down and stopping the formation of roots, shoot growth and 
causing tissue necrosis.  

1 Introduction 
Currently, there has been a significant increase in attention to developing methods of efficient 
reproduction of plants in vitro. The use of the method of clonal micropropagation allows 
obtaining large volumes of genetically homogeneous high-quality planting material in a short 
time based on single initial specimens. 

The in vitro microcuttings’ rhizogenesis stage is the most important stage of clonal 
micropropagation [1]. The issues of in vitro rooting and in vivo survivability are closely 
related, because, as practice shows, when converting microplants to non-sterile conditions, 
large losses of material can be associated with weak or abnormal development of root system 
and underdevelopment of microplants’ leaf system. 

In this regard, various factors of physical and chemical nature that stimulate rhizogenesis 
are used. The physical factors: laser irradiation [2-4], ultrasound [5-8], light of a certain 
spectral composition [9]. 

To augment the induction of root primordia by chemical methods, including of Rubus 
genus plants, auxins and phenolic compounds are mainly used [1, 10-12]. Pursuit for the new 
root stimulants is ongoing. According to our data, caffeine can be used as a stimulator of 
microcuttings’ rhizogenesis. 

Caffeine (1,3,7-trimethylxanthine) is a compound from the group of methylxanthines that 
belongs to purine alkaloids and is naturally produced in almost 100 plant species [13]. 
Caffeine content in young leaves and seeds can be more than 2% of dry weight [14]. It is 
used as a psychostimulant, because it combines psychostimulating and analeptic properties. 

                                                 
* Corresponding author: parom10@mail.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

BIO Web of Conferences 23, 03013 (2020) https://doi.org/10.1051/bioconf/20202303013
PLAMIC2020



There is still no unequivocal opinion on the role of this substance for plants, but it can 
perform several important functions. Plants that produce high caffeine concentrations, such 
as Arabian coffee (Coffea arabica L.) and tea (Thea sinensis var. Sinensis) can use caffeine 
for an allelopathic effect [15]. 

According to J. Nathanson [16], methylxanthines (caffeine, theobromine, theophylline 
and other alkaloids) can negatively affect insects that feed on plants that produce these 
substances, and thus exhibit a pesticidal effect. This effect is due to the inhibition of 
phosphodiesterase activity and, at the same time, an increase in intracellular cyclic adenosine 
monophosphate. The pesticidal effect of alkaloids in those plant species that produce low 
concentrations of methylxanthines is triggered due to the strong synergistic effect of 
interaction with other weak pesticides [16]. 

According to H. Ashihara et al. [13], caffeine and its compounds are synthesized in plants 
under stress (tissue wounds, increased salt concentration in the nutrient medium, microbiota 
damage). Plants exposed to exogenous caffeine were more resistant to pathogens. For 
example, strains of Aspergillus ochraceus, isolated from green coffee bean and rice, were 
cultured on a medium containing 0.1-1.0% of caffeine. It was found that the growth of 
mycelium and the formation of ochratoxin A were inhibited by caffeine in concentrations 
above 0.1%, and ochratoxin A was not produced at caffeine concentrations of 0.5% and 1.0% 
[17]. 

Caffeine also directly inhibited growth of Aspergillus ochraceus in transgenic tobacco 
plants [18]. In addition, the antimicrobial activity of caffeine against Pseudomonas syringae 
is identified, which is a widespread causative agent of bacteriosis in agricultural crops [19, 
20]. 

Another allelopathic role of caffeine is manifested in inhibiting growth of competing 
plants growing near producer plants [21]. In earlier studies, C. Chow and D. Waller [22] 
showed that water extracts of leaves, stems, and roots of Coffea arabica significantly 
inhibited seed germination and growth of ryegrass, lettuce, and fescue. The negative effect 
persisted even when the extract was diluted to 1% and it was more pronounced on young 
seedlings. 

P. Mohanpuria, S.K. Yadav [23] studied the effect of caffeine on the development of 
Arabidopsis and tobacco plants. Slowing down of shoot growth was observed when plants 
were cultivated on MS medium containing 1 µM of caffeine; increasing the concentration to 
5 µM significantly enhanced the effect. It was found that exposure to caffeine reduces the 
expression and activity of ribulose bisphosphate carboxylase in these plants. According to 
the authors, the observed morphological and other changes (close internodes of shoots, small 
root size, yellowing, decreased branching and chlorophyll content) indicate the caffeine 
induction of the process of early aging of plants. Thus, exogenous caffeine can affect the 
development of microplants in the culture of isolated tissues. 

In this regard, the objective was to study the effect of various concentrations of caffeine 
in composition of the nutrient medium on the process of rhizogenesis of plants of the genus 
Rubus, which themselves do not synthesize caffeine. 

2 Materials and methods 
The biological objects of the study were the blackberry varieties Santiam, Logan Thornless 
and the raspberry-blackberry hybrid – Boysenberry. 

Shoots of berry crops that reached a propagation medium of length 1.5-2.0 cm were cut 
and used for rooting. 

At the stage of rooting of microcutting the mineral base of MS nutrient medium [24] was 
used with a half-reduced concentration of macrosalts with the addition of sucrose – 20 g/l, 
0.5 mg/l of pyridoxine HCl, 0.5 mg/l of nicotinic acid, 0.4 mg/l of thiamine HCl, 50 mg/l of 
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Shoots of berry crops that reached a propagation medium of length 1.5-2.0 cm were cut 
and used for rooting. 

At the stage of rooting of microcutting the mineral base of MS nutrient medium [24] was 
used with a half-reduced concentration of macrosalts with the addition of sucrose – 20 g/l, 
0.5 mg/l of pyridoxine HCl, 0.5 mg/l of nicotinic acid, 0.4 mg/l of thiamine HCl, 50 mg/l of 

inositol and 8 g/l agar. The rhizogenesis medium was without growth regulators or with 1 
mg/l of β-indolylbutyric acid (IBA) with the addition of from 0.0001% to 0.5% (1-5000 mg/l) 
caffeine. The pH of the nutrient medium was 5.7-5.8. The medium was sterilized by 
autoclaving (1 atm, 20 min). Vitamins, β-indolylbutyric acid and caffeine were sterilized by 
filtration (“Millipore” 0.22 μm, France) and added after autoclaving. The control experiment 
was on a caffeine-free medium. 

Subculturing of the shoots was carried out in wide-necked conical flasks with a capacity 
of 250 ml with 100 ml of medium. The flasks were sealed with a thin aluminum foil and 
sealed with adhesive tape. 

The plants were cultivated in a specially equipped culture room at a 16-hour daylight with 
2400 lux illumination (Osram L36W Cool Daylight fluorescent lamps), air temperature of 
24±2°С and air humidity of 55-60%. 

The processing efficiency was evaluated after 4-6 weeks of cultivation according to the 
number of rooted microshoots, the number of roots formed per one rooted microplants and 
their length. 

3 Results and discussions 
Our data shows that inclusion of caffeine in the rooting medium can produce both positive 
and negative effects depending on the concentration. 

Concentration of 5-100 mg/l caffeine at the rhizogenesis stage made it possible to increase 
the efficiency of rooting of the Logan Thornless blackberry (Fig. 1). Caffeine’s effect was 
more pronounced on auxin-containing media. The root frequency of blackberry 
microcuttings increased up to 71.4±5.3% in a medium with 1 mg/l of IBA and containing 5 
mg/l of caffeine; increased up to 82.6±4.3% with a 10 mg/l concentration of caffeine in the 
nutrient medium; increased up to 78.3±4.5% with a caffeine concentration of 100 mg/l, 
compared with 63.9±6.9% of the control experiment. Moreover, the dependence of the 
rhizogenesis indices on the caffeine concentration in the medium did not have a clear linear 
character. 

The maximum number of roots per rooted microcutting was obtained at low caffeine 
concentrations. At a caffeine concentration of 1 mg/l, the average number of roots per rooted 
microcutting was 4.9±0.4 pcs./shoot; at a caffeine concentration of 5 mg/l, the average 
number of roots per rooted microcutting was 4.3±0.3 pcs., compared with 3.7±0.4 pcs. of the 
control experiment (Fig. 2). Stimulation of the root formation process was also obtained on 
Santiam blackberry. The root frequency of this variety on a medium with 1 mg/l of IBA and 
10 mg/l caffeine increased to 71.3±5.0%, compared to 40.1±6.8% of the control experiment; 
the average number of roots per rooted shoot increased up to 3.4±0.4 pcs. at a 1 mg/l 
concentration of caffeine in a nutrient medium and up to 2.9±0.3 pcs. at a 10 mg/l 
concentration of caffeine in a nutrient medium. In an auxin-free medium, the rooting rate of 
microcuttings increased up to 66.7±6.2% (the control experiment – 46.7±5.8%) only at a 
caffeine concentration of 100 mg/l. 

Low concentration of caffeine in the medium accelerated the rhizogenesis process. The 
roots began to form faster, the root rudiments were established together and at the same time 
(Fig. 3). The roots grew faster on the hormone-free media containing 5-100 mg/l of caffeine 
than on the media containing auxin and caffeine simultaneously. 
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Fig. 1. Efficiency of rooting of the Logan Thornless blackberry on MS medium with 1 mg/l of IBA at 
various concentrations of caffeine. 

 
Fig. 2. Root formation of the Logan Thornless blackberry’s microcuttings on MS medium with  
1 mg/l of IBA at various caffeine concentrations. 

 
Caffeine content above 100 mg/l in the nutrient medium had a negative effect on plant 

tissues, slowing down and stopping root formation, stopping shoot growth and causing 
yellowing of leaves. 
 

    
a b c d 

Fig. 3. Rhizogenesis of microcuttings of the Logan Thornless blackberry on MS medium with 1 mg/l 
of IBA at various concentrations of caffeine: a – control without caffeine; b – 1 mg/l of caffeine; c –10 
mg/l of caffeine; d – 100 mg/l of caffeine. 
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Caffeine treatment at the rhizogenesis stage allowed a 1.6-fold increase in the efficiency 
of rooting of the Boysenberry blackberry-raspberry hybrid. The root frequency increased to 
91.7±3.3% at a caffeine concentration of 10 mg/l and up to 90.9±3.5% at a caffeine 
concentration of 100 mg/l, compared to 56.3±6.2% in the control experiment (Fig. 4). 

The average number of roots per rooted microcuttings increased from 5.9±0.3 pcs. in the 
control experiment; up to 7.2±0.5 pcs. and 7.8±0.5 pcs. at caffeine concentrations of 10 and 
50 mg/l, respectively (Fig. 5). 

Only a few microcuttings rooted quickly and formed a significant number of roots per 
rooted microplant on a caffeine-free control medium, whereas root formation occurred 
simultaneously in multitudes on caffeinated media (Fig. 6). This led to a reduction in the 
duration of the rhizogenesis stage and an increase in the economic efficiency of the clonal 
micropropagation method. 

At the same time, the presence of caffeine in the medium in high concentration was 
detrimental to plant tissues, causing necrosis of shoot bases immersed in the nutrient medium 
and yellowing of leaves, followed by partial necrosis of shoot tissues. 

A similar negative effect of caffeine in certain, as a rule, high concentrations (˃100 mg/l) 
on plant tissues under in vitro culture conditions was shown earlier by Mohanpuria and Yadav 
[23]. This is probably due to the natural mechanism of suppressing the vital activity of 
competing plant organisms and pathogenic microflora in plants that are capable of producing 
endogenous caffeine. 

Conversely, low or trace concentrations can positively influence the morphogenetic 
processes. A similar effect was observed when phenolic compounds were used as 
rhizogenesis inducers. It was shown that phenolic compounds, depending on the chemical 
structure, pH, concentration, and other factors, can act as inhibitors or as stimulators of 
rhizogenesis through the enzymatic system of IAA oxidation [25, 26]. 

 

 
Fig. 4. Efficiency of rooting of the Boysenberry hybrid on MS medium with 1 mg/l of IBA at  
various concentrations of caffeine. 
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Fig. 5. Root formation of the Boysenberry hybrid’s microcuttings on MS medium with 1 mg/l of IBA 
at various concentrations of caffeine. 
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Fig. 6. Rhizogenesis of microcuttings of the Boysenberry hybrid on MS medium with 1 mg/l of IBA at 
various concentrations of caffeine: a – control without caffeine; b – 5 mg/l of caffeine; c – 10 mg/l of 
caffeine; d – 50 mg/l of caffeine. 

4 Conclusion 
Our results allow us to conclude that caffeine can be used as a rhizogenesis stimulator by 
adding it to the rooting medium in an optimal concentration. The most effective for rooting 
of the genus Rubus is the range of caffeine concentrations from 1 to 100 mg/l. The caffeine 
content in the nutrient medium of more than 0.1% had a negative effect on plant tissue, 
slowing down and stopping root formation, stopping shoot growth and causing tissue 
necrosis. 
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