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Introduction

Agriculture is one of the main sources of development in the economy of our country. Mexico is one of the most important 
producers and exporters of vegetables, its main market is North America. Tomato (Solanum lycopersicum) exports grew at an 
interannual rate of 6.7% from January to July 2021, to one million 180,586 tons, the production of red tomato in the state of 
Sinaloa was 12.7% according to data from the Ministry of Agriculture 2021. In Sinaloa, the production of vegetable seedlings is 
a common practice; most farms produce their seedlings in greenhouses, although there are private greenhouses dedicated to the 
production and sale of seedlings. Due to the economic importance of vegetables and the fact that in recent years a significant 
reduction in production has been observed in the state of Sinaloa due to the presence of phytopathogenic agents, it is necessary 
to develop highly efficient strategies for better management of diseases to maintain the required demand [2]. On the other hand, 
it is important to mention that various ecological imbalances such as global warming, the increase in physical and chemical 
degradation of the soil, irregular rainfall, and the use of chemical fertilizers are factors that play an important role in crop 
productivity. Due to modernization, the use of chemical fertilizers has been widely adopted to increase yield, and this leads 
to various health hazards after consumption; therefore, there is a need to balance these effects by using natural resources for 
agriculture in a positive way [3]. Tissue Culture is an invaluable tool for solving basic problems applied to plant biology; since 
employing this technique a strict control is obtained as the material is confined in an aseptic microenvironment, occupying 
very little space and, by clonally propagating, it allows the maintenance of the genotype [3,4]. As an application of plant tissue 
culture, in vitro micropropagation can be mentioned, which in recent decades has gained great importance as an alternative 
for the mass production of plants with agronomic characteristics of interest, resulting in benefits in horticulture; being used to 
increase or replace the vegetative propagation techniques used until today [5,6]. Several studies have reported the regeneration 
of explants, adventitious shoots, apical meristem, cotyledons, petiole stems, leaves, anthers, and inflorescences in vitro tomato 
plants; revealing that the frequency of the regeneration of adventitious shoots differed depending on the type of explants and the 
concentration of growth regulators added to the regeneration medium, which plays an important role in the regulation of plant 
growth, therefore it is not there is an established protocol for in vitro propagation in tomato plants [5,7-11]. The objective of 
this work was the establishment of a micropropagation protocol that would allow rapid in vitro regeneration without the use of 
exogenous growth regulators, allowing the evaluation of six varieties of tomato (Solanum lycopersicum); hybrid brigade, hybrid 
maya; sun 6200; sun 6366; calista and DRD 8561, provided by a commercial company, ensuring the maintenance of said material 
for long periods. In the present study, an efficient and rapid regeneration protocol was established, obtaining seedlings without 
the use of exogenous growth regulators.

Materials and Methods

Desinfección and establishment of plant material

Plant material preparation was performed under sterile conditions using a laminar flow chamber (horizontal laminar flow 
hood, Figure model CFH-120) as shown in Figure 1a. To obtain adventitious shoots, mature seeds of six varieties of tomato 
(Solanum lycopersicum) were used; hybrid brigade, hybrid maya; sun 6200; sun 6366; calista and DRD 8561, provided by a 
commercial company. The surface sterilization of the seeds was carried out under aseptic conditions as follows: washing with 
80% Tween for 3 min with constant agitation; subsequently in 70% ethanol solution for 1 min under agitation, after the time 
was elapsed and a 1.2% sodium hypochlorite solution was added, leaving under agitation for 15 min. Once this time was over, 
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Abstract

Tomato cultivation in the state of Sinaloa represents a third of the production in Mexico. Technological innovation 

techniques have now been incorporated into its production, moving from soil cultivation to stick cultivation and 

under controlled conditions in greenhouses; offering products with low or no agrochemical residues, seeking to reverse 

contamination problems in addition to these practices increasing the value of the product. The objective of this research 

was to develop an efficient and reproducible system for the in vitro propagation of tomato plants (Solanum lycopersicum) 

without the use of exogenous growth regulators, using dry mature seeds of six tomato varieties (hybrid brigade, hybrid 

maya; sun 6200; sun 6366; calista; DRD 8561). Under sterile conditions, the seeds were cultivated in a medium with salts 

(MS) Murashige and Skoog [1], without growth regulators, under controlled conditions (photoperiod of 16 h.day-1) at 25 ± 

20oC. After five weeks of incubation, vitro plants were obtained, which presented a positive response to the aforementioned 

conditions, obtaining stems of good size, presence of leaf tissue, and abundant root growth, showing efficient and rapid 

tissue reproduction and easy handling. This work presents an efficient plant regeneration system with the advantages of not 

using exogenous growth regulators and easy handling from adventitious shoots, demonstrating that the micropropagation 

technique helps to produce more plants in less time.
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the seeds were washed in sterile water, the surface of the seeds was dried with absorbent 
paper, and seeds of similar size to the six varieties were selected and placed on filter paper 
previously moistened with sterile water and pre-cultured. For three days, in a growth 
chamber under controlled conditions with a photoperiod of 16 light hours. After a time, 
12 seeds were placed in each culture box (Magenta) containing 50 mL of MS Murashige 
and Skoog 1962 medium (Medium Plant; Sigma) supplemented with 7 gL-1 of Agar, 
and 3% commercial sugar without regulators. Of growth, adjusting a pH of 5.7 before 
sterilization (121°C/15min). Subsequently, the culture boxes were transferred to a growth 
chamber under controlled conditions (photoperiod of 16 h.day-1) at 25 ± 20oC (Figure 1). 
Where the time in which 50% germination was reached was determined.

Plant multiplication

From the plants obtained from seeds after 8-10 days, explants of 2-3 cm in length 
were cut, which were established in MS culture medium (Murashige and Skoog), carrying 
out evaluations at 15 and 30 days. Subsequently, the elongated shoots were extirpated 
individually from the generated plants, explants of 1-3cm in length were cut, to be 
subcultured in MS medium for rooting; after two weeks, new shoots emerged repeating 
the process for the generation of new plants (Figure 2).

In the multiplication phase, 5 explants per flask were placed, in a randomized 
complete block design with three replications, planting eight explants per culture box 
(magenta) which were sealed with parafilm paper to reduce the risk of contamination; 
subsequently, they were pre-incubated at 25 ± 1°C in the dark for 48 hours, and 
transferred to a growth chamber under controlled conditions (photoperiod of 16 h.day-1) 
at 25 ± 20oC (Figure 1). Subsequently, germination percentage, shoot formation/explant, 
number of shoots/explant, length (cm) of shoots/explant were quantified (Table 1). The 
plants that were obtained were established individually in pots using vermiculite as a 
substrate. To maintain high relative humidity and counteract the sudden change in 
conditions, a transparent polyethylene cover was placed on each one, removing them 
in periods of 3 to 5 days. The plants were kept in a growth chamber under controlled 
conditions (1,100 lux and 28°C), adding Steiner’s (1980) diluted nutrient solution to the 
irrigation water for approximately 25 days. The plants established in the substrate had to 
meet the following requirements: thick and strong stems, healthy and abundant roots, 
the height of 13-15cm, light green leaves free of pests and diseases, to be able to adapt 
to future transplants under different conditions. (field, shade mesh, or greenhouse). It is 
important to mention that all the experiments were carried out with three repetitions for 
each of the varieties under the same conditions.

Analysis of Data

The data generated during the study were statistically analyzed by performing an 
analysis of variance (ANOVA), the differences in the means between treatments were 
performed Tukey’s Multiple Range Test (p<0.05) with the support of the Statistical 
Program Sigma Stat version 3.5.

Results

Tomato seeds of the hybrid brigade, hybrid maya; sun 6200; sun 6366; calista and 
DRD 8561, began to germinate after four days in culture medium (Figure 1b). After two 
weeks, the young seedlings grew with a root but without the apical part. Two weeks later, 
elongated explants and differentiated adventitious buds emerged in all treatments. On the 
other hand, the number of adventitious shoots obtained from immature plant parts was 
higher than in explant reports [12-14]. The explants of the six tomato varieties used in the 
experiment presented organogenic capacity after preculture; the rate of differentiation in 
adventitious shoots, as well as elongated shoots in all the subcultured explants, was higher 
as the weeks passed. After seven weeks of incubation, vitro seedlings were obtained for 
each of the varieties that were established under the aforementioned conditions (Figure 
1c & Figure 1d). After a time of 15 and 30 days of establishment, the length of shoots (cm) 
was measured in the plants of each variety, presenting the minimum values at 30 days for 
the hybrids brigade and maya, in the formation of shoots the varieties calista and DRD 
8561 presented the lowest values; on the other hand, the lowest number of shoots per 
explant was observed in the brigade hybrid (Table 1). The percentage of formed explants 
exceeded 50%, increasing this percentage in the following weeks of culture; each vitro 
plant was transplanted into pots with sterile medium (vermiculite), however at this stage 
40% of the seedlings were lost, those that survived were placed in the shade and with 
high relative humidity. However, during the first fifteen days of acclimatization, 15% 
of the seedlings were lost, after six weeks the seedlings showed good development with 
good-sized stems, the presence of leaf tissue, and a profuse growth of the root system 
(Figure 3). The results obtained confirm that the tissue culture technique generates a good 
regeneration frequency, which suggests that morphogenic activity takes place in these 

explants in the absence of growth regulators (Figure 3).

As well as the management of the tissue in the hood was improved, minimizing the 
presence of contamination in the culture medium.

Table 1: Variables evaluated in the in vitro establishment in MS culture medium 
(Murashige and Skoog), of six varieties of tomato seeds (Solanum lycopersicum).

Variety

Germination 

Percentage 

(%)

Shoot 

Length 

15 days 

(cm)

Shoot 

Length 30 

days (cm)

Explants 

Budding 

(%)

Number 

of Shoots/

Explant

Hibrido 

brigade
100 1.23±0.01 1.28 ± 0.05 62ab 1.28 ± 0.05

Hibrido Maya 100 1.21±0.02 1.26 ± 0.06 62ab 1.82 ± 0.06

Sun 6200 100 1.23±0.01 2.17 ± 0.06 83a 2.17 ± 0.06

Sun 6366 100 1.21±0.01 1.88 ± 0.06 75b 1.88 ± 0.06

Calista 100 1.21±0.01 1.58 ± 0.05 52ab 1.58 ± 0.05

DRD 8561 100 1.21±0.03 1.49 ± 0.06 54ab 1.49 ± 0.06
*Means with the same letters in the columns do not present a significant difference p 
<0.001

Figure 1: Establishment of six varieties of tomato seeds MS culture medium 
(Murashige and Skoog). (a) Laminar flow chamber under sterile conditions. (b) 
Seeds of similar size were established in the MS culture medium without growth 

regulators. (c and d) vitro plants after five weeks of establishment.

Figure 2: Vitro plants regenerated of different explants grown on MS culture 
medium (Murashige and Skoog) under controlled conditions without growth 

regulators varieties: brigade hybrid, maya hybrid; sun 6200; sun 6366; calista and 
DRD 856.

Figure 3: Vitroplants are established in vermiculite substrate.
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Discussion

There is a close relationship between plant tissue culture and modern biotechnology 
for the obtaining and regeneration of plants, tissue culture is regularly used, followed by 
the regeneration of the complete plant, opening an immense range of possibilities both 
for the improvement of cultivated plants, as well as for obtaining new products from it [6]. 
For the propagation of plants in vitro, it is necessary to consider the components of the 
culture medium and the conditions in which the seedlings develop as fundamental factors 
[15]. The culture media contain all the minerals and vitamins necessary for the growth 
and differentiation of plants, the concentrations are in the appropriate proportions and 
can be used in a considerable number of plant species, without interaction between them, 
hindering their assimilation [16,17]. Different sources of explants have been used for 
shoot formation in different cultivated and wild tomato species, such as leaves, stems, 
roots, cotyledons [18-20]. The results obtained in this study showed the importance of 
the preculture time and its influence on the induction of shoots and roots; obtaining a 
reasonable regeneration rate. From the germination of six varieties of tomato (Solanum 
lycopersicum); brigade hybrid, maya hybrid; sun 6200; sun 6366; calista and DRD 
8561, used to carry out this work, complete plants were obtained in a time of 11 weeks, 
presenting an efficient regeneration system, obtaining on average seedlings of 15 cm 
in height, considering an average yield in the different micropropagations of 67% for 
the derivatives of internodes which generated 17± 2 complete plants in six weeks of 
cultivation with a 50% rooting response; and an average propagation of 25 ± 2 plants 
generated under in vitro conditions in MS culture medium without growth regulators 
in seven months for each germinated seed; where each plant generated in vitro could 
continue its development under greenhouse conditions before being taken to the field, 
which, when transplanted, develop naturally in such a critical stage as an adaptation to 
new conditions.

The protocol developed in six varieties of tomato (Solanum lycopersicum); brigade 
hybrid, maya hybrid; sun 6200; sun 6366; calista and DRD 8561, differs from those 
reported about the absence of growth regulators, which allows it to be used as a basis for 
the conservation and propagation of other species.

Conclusion

The results obtained in this work indicate a probability of success in the 
micropropagation process of this species, as well as further research related to the 
establishment of future micropropagation protocols. The advantages of this regeneration 
method it was the non-use of exogenous growth regulators, it is easy handling, and the 
short time to obtain seedlings. However, feasibility studies must still be carried out in the 
field, since the adaptation to the external environment of the seedlings generated in vitro 
must be carried out after a gradual adaptation process.
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