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ABSTRACT

Due to its important participation in the agribusiness model worldwide, soybean
actively drives national economies in producing countries. However, biotic and
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INTRODUCTION

The soybean Glycine max (L.) Merrill is one of the most important crops in the
world due to the scale of its production, driving the economy of many producing
countries (Ferreira et al., 2021; Treter et al., 2021). In the last Brazilian harvest
(2020/2021), the grain production was approximately 136 million tons. The Midwest
region is the major grain producer with approximately 62 million tons, followed by
the South region with approximately 43 million tons, with Parana state being the
second major producer with approximately 20 million tons (Companhia Nacional de
Abastecimento [CONAB], 2021).

Despite these positive numbers, in recent years, production is being impaired
by biotic and abiotic factors, which have become more intense and frequent, due to
climate change impacts that cause environmental imbalances such as drought,
floods, pests and insect infections, diseases, among others, affecting the plant-
environment interactions (Ghini, 2006). In this context, the development of plants
developed to withstand environmental adversities has become an increasingly
frequent target of scientific research. Likewise, tools derived from biotechnology
could be a viable and accessible alternative for the development of these genetically
improved crops (Barbosa et al., 2012; Fuganti-Pagliarini et al., 2017).

During the development of genetically improved plants, the tissue culture is
often one of the most critical stages (Abbasi, Hooshyar, & Bagherieh-Najjar, 2016),
sinceitis genotype-dependent, and it can be strongly affected by the culture medium
(Liu, Yang, & Wei 2004; Liu & Wei, 2005 ). In this context, the main aspect to be
considered in the selection of genotypes, besides A. tumefaciens infectivity, is their
ability to regenerate in vitro. Moreover, it is also desirable that the genotypes present
excellent agronomic performance (Song et al., 2013; Jia et al., 2015; Marinho et al.,
2021).

Soybean genotypes are generally considered recalcitrant for transformation
despite many successful examples (Li et al., 2017). In particular, the regeneration of
explants can be drastically affected by the substrates used post-transformation.
However, no study has shown the relation between different substrates and
genotypes within the tissue culture stages of soybean. Therefore, with the objective
to improve the soybean tissue culture procedure, we compared the effect of four
different substrates/media used for rooting development of two soybean genotypes
- BRS 283 and BRS 537. We demonstrated through phenotypic analyses that rooting
regeneration and development is genotype-dependent.

Furthermore, we showed that the addition of activated charcoal to MS medium
improved the rooting process in both genotypes tested; making it an option to
enhance rooting in genetically modified seedlings. Plants need a well-established
rooting system to be able to acclimate in a greenhouse, which enables them to
complete their life cycle. Our results suggested that charcoal treatment could be
applied to different soybean genotypes and to other crops with similar tissue culture
protocols, once an improvement in the root system was identified.

MATERIAL AND METHODS
Plant materials and seed sterilization

The soybean genotypes BRS 283 and BRS 537, both from maturity group 6, were
recommended by Embrapa’s Soybean breeding program team, considering their
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been used in transformation experiments at the Biotechnology Laboratory at
Embrapa Soybean research facility.

Seed sterilization consisted of soaking in 70% ethanol for 1 min, and
subsequently in sodium hypochlorite 75% solution for 20 min. After these
procedures, the seeds were rinsed three times with sterilized water and transferred
to the germination media (GERM) for four days (4d) in a growth chamber set to a
temperature of 25-26°C and humidity of 50-70%. Germination media were prepared
using B5 Salts (Gamborg) 3.2 g L, B5 vitamins (Vit) Iml L, MES 0.64 g L, sucrose 30 g
L, and Phytaagar 6.5 g L. The media pH was corrected to ~ 5.6-5.7 and subsequently
autoclaved. PPM - Plant Preservative Mixture, a relatively new broad-spectrum
preservative and biocide used in plant tissue culture, was added to the media (500
pL L) as an alternative to conventional antibiotics and fungicides used in plant tissue
culture. Afterward, the germinated seeds were transferred to the four tested growth
media.

Substrates for the rooting experiments

The rooting development of each soybean genotype was analyzed in four
different growth media (treatments): Control [C = 2.2 g of MS medium (Murashige
and Skoog, 1962) + 1 mL of Gamborg's vitamin solution (1000X) + 0.64 g (MES) + 20
g of sucrose)]; Vermiculite (V = 100% vermiculite substrate); Sand (S = 100% sand);
Activated charcoal plus control (A = 20 mL of C + 1 g L of activated charcoal). After
autoclaved, the media were cooled and poured into plastic cups.

The activated charcoal (A) rooting medium was composed of 20 mL of the
control medium mixed with 1 g L of activated charcoal. The vermiculite (V) rooting
treatment was composed of plastic cups containing 2.76 g of vermiculite, and the
sand (S) treatment was composed of pots containing 44 g of sand each. Every four
days, 5 mL of water was added to V and S rooting treatments. The experimental
design was performed using completely randomized blocks (4 treatments X 2
cultivars) with nine biological repetitions (n=9). Three replicates were used in the
experiments, totaling 72 immature embryos from germinated seeds, 36 per
genotype.

Standardization for the root analysis

To standardize the starting growing conditions, the seedlings at the V; stage
(Fehr & Caviness, 1977) had their primary roots cut off horizontally and, then,
transversally to expose the roots to a bigger media/substrate contact surface. The
radicular region of the seedlings was immersed on indole-3-butyric acid (IBA) for 1
min before being transferred to each treatment. Roots development was evaluated
22 days later.

Analysis of roots using SAFIRA software

After the end of the treatments, roots were washed, scanned on a printer, and
subsequently analyzed using SAFIRA software (Jorge & Silva, 2010), which is a fiber
and root analysis system that measures root’s length (cm?), volume (mm3), surface
area (mm?), and diameter (mm).
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Root length and dry mass

After SAFIRA analysis, the seedlings were taken to a drying oven at 652C to reach
constant weight. Finally, the length of the roots was measured using a ruler and the
dry mass by a precision scale.

Statistical analysis

The statistical analysis was performed by SASM-Agri software using ANOVA,
followed by the Tukey test (p<0.05) (Canteri, Althaus, Virgens Filho, Giglioti, & Godoy,
2001).

RESULTS AND DISCUSSION

A prerequisite for the successful use of genetic transformation methodology is
an efficient plant regeneration protocol. For soybean, an important crop worldwide,
regeneration of commercial cultivars have been described as ineffective and slow
(Raza, Singh, & Bhalla, 2017). Aiming to improve root growth in tissue culture, BRS
283 and BRS 537 soybean cultivars experimented in four different substrates/media
post-transformation. Results showed improved growth in length in the roots that
were cultivated in MS media containing activated charcoal for both soybean
genotypes. BRS 283 and BRS 537 showed 14.4 cm and 13.3 cm long, respectively, in
comparison to vermiculite (V) (7.9 cm and 8.5 cm, to BRS 283 and BRS 537 genotypes,
respectively) and sand (S) (1.5 cm and 2.8 cm, to BRS 283 and BRS 537 genotypes,
respectively) substrates (Figure 1A). A significant difference between the control (C)
and the activated charcoal (A) conditions was only observed on BRS 283 genotype
(p<0.05), a phenotypic response not observed for BRS 537 genotype. This
demonstrated that activated charcoal promoted different growth responses in the
tested soybean genotypes, behavior also observed by other authors, with different
species as well. Dumas and Monteuuis (1995) found that during an in vitro test of
micropropagation shoots from juveniles and mature Pinus pinaster, the addition of
activated charcoal in the rooting medium improved the adventitious rooting for the
mature explant material (average rooting rates of 78% vs 21%, respectively, in the
presence and absence of activated charcoal). Oakes, Desmarais, Powell and Maynard
(2016) also observed the same improved results studying root growth in American
chestnut sprouts (C. dentata) in the presence of activated charcoal. These authors
also described that an increase in the concentration of charcoal did have a significant
effect on the number of roots (p< 0.0001), and length of the longest root (p<0.0001).

In this study, the BRS 537 genotype exhibited the highest dry mass in substrates
A (15.46 mg) and C (14.00 mg), while in the same treatments, the BRS 283 genotype
exhibited dry mass of 11.42 mg (A) and 7.02 mg (C). However, the differences
between the dry matters obtained in A and C were significant only for the genotype
BRS 537 (1.46 mg, p<0.05). When grown in V substrate, both soybean genotypes
showed a significantly lower dry mass of roots than the corresponding controls (3.79
mg and 5.5 mg, for BRS 283 and BRS 537, respectively). Finally, no root growth was
exhibited in the S substrate, which resulted in a significant difference between these
two treatments (C and S) (Figure 1B). The increase in dry mass presented by BRS 537
genotype when compared to its control condition is likely due to the incorporation
of the activated charcoal in the medium since no other factor was added. The
activated charcoal has a very fine network of pores with a large inner surface area on
which many substances can be adsorbed, which may have improved the pH level
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balance, in addition to improving nitrogen absorption by the sprouts and inducing
rooting (Thomas, 2008; Shekhawat & Manokari, 2016).

A Root length

mBERS 183 m®mBRS 537

Control (C) Vermiculite (V) Sand (S) Activated charcoal (A)

B Dry Mass of Roots

mBRS 283 mBRS 537

Da Ca

Control (C) Vermiculite (V) Sand (S) Activated charcoal (A)

Figure 1. The y-axis displays in A the root length (cm?2), and in B the dry root mass
(mg). The x-axis displays the treatments: Control (C), Vermiculite (V), Sand (S), and
control medium plus activated charcoal (A) as the media for the growth of the
soybeans genotypes BRS 283 and BRS 537. Equal capital letters show treatments with
no significant mean differences, while equal lowercase letters show genotypes with
no significant mean differences (Tukey multiple comparisons test, p<0.05).

Given the differences observed between both tested soybean genotypes when
grown under MS supplemented with activated charcoal, the samples were evaluated
using a software to measure and differentiate further characteristics (Figure 2A to
2D). For roots volume, the data showed differences between genotypes. No
significant difference was observed for roots volume in BRS 283 genotype, when
growing in control (C) and activated charcoal (A); however, BRS 537 genotype
showed a higher root volume under control in comparison to the activated charcoal,
and higher roots volume than BRS 283 when both were growing in charcoal medium
(Figure 2A). The higher root volume exhibited from BRS 537 in charcoal added media
may be a result of the cultivar genealogy BRS537 [(BR05-40131 x (ANX-1-55 x BRS
282))] x BRS 284 when compared to BRS 283 (Don Mario 48 x Suprema).

Regarding the roots surface areas, the genotype BRS 537 showed the highest
growth in both treatments, C (864.89 mm?2), and A (1722.10 mm?) media. There was
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no statistical difference in surface area between BRS 283 and BRS 537 grown in A,
although BRS 537 genotype presented a higher surface area (Figure 2B). Root
diameter measurements were also assessed. The BRS 537 genotype grown in
activated charcoal presented thicker roots (115.18 mm). Likewise, the genotype BRS
283 presented thicker roots in the same growing conditions (89.07 mm). Under
charcoal media, both genotypes developed larger root diameters (Figure 2C). It is
important to highlight that the SAFIRA software analyzes fibers and roots by the
imagery (BMP, JPEG, or even followed by digital camera or scanners), which
facilitates the estimation of volume, surface area and, length by diameter range. The
use of activated charcoal in plant tissue culture has been reported to increase shoot
formation, plant recovery, and rooting (Thomas, 2008).

In our experiments, we also observed the highest number of secondary roots in
both soybean genotypes, BRS 283 and BRS 537, grown in the presence of activated
charcoal (A) (Figure 2D). This growth response may result from the adsorptive
capability of charcoal, which adheres to toxic substances such as phenols, and to the
excess of growth regulators that can accumulate in the culture medium, impairing
root development. Also, charcoal can mimic the soil as it reduces the incidence of
light in the growth zone root system (Bonga, 1985; Mantovani, Franco, & Vestena,
2001).

¢ Weighted Diameter
160 - m Control m Activated Charcoal
Aa
120 - Aa
£ L
s 80
Ab
40 -
0
BRS 537 BRS 283 BRS 537
D BRS 283 BRS 537

Y&
i \
Aa / / " ‘/“ j I.‘
7O
{ (UL
Ab N : ]
"./
R Control Activated Control Activated
BRS 537 Charcoal Charcoal

Figure 2. In A, data from root’s volume (mm?3); in B, root’s surface area (mm?); in C, weighted diameter (mm), and in D,
visual comparison generated by the SAFIRA software comparing the control condition (C) and MS with activated charcoal
added (A), for the two soybean genotypes analyzed, BRS 283 e BRS 537. Capital letters compare genotypes and lower
letters compare treatments for the same genotype (Tukey multiple comparisons test, p<0.05).

Phenotypically, the rooting process under the activated charcoal condition
showed greater improvement for the BRS 537 genotype (Figure 3B) when it was
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compared with the BRS 283 genotype (Figure 3A). In general, for both genotypes,
control substrate (C) and the activated charcoal (A) showed the best root’s
development. Similar root growth patterns in medium containing activated charcoal
were also identified in Macadamia (Macadamia tetraphylla) (Mulwa & Bhalla, 2006),
mulberry (Morus alba) (Agarwal & Kanwar, 2007), banana (Musa acuminata) (Xiao et
al. 2007), salvia (Salvia africana-lutea) (Makunga & staden, 2008) and in soybean
(Glycine max) developed by embryo differentiation (Klink et al. 2008). All these data
suggested that charcoal could lead to an increase in sprouts and, consequently, root
elongation in length, of both soybean genotypes, not essentially having an effect on
root diameter and volume. In general, BRS 537 genotype responded better to
charcoal addition in the growing medium when compared to BRS 283 genotype, as
all assayed data showed.

A Control (C) Vermiculite (V) Sand (S) Activated Charcoal (A)

BRS 283

B Control (C) Vermiculite (V) Sand (S) Activated Charcoal (A)

BRS 537 |

Figure 3. Images show root growth for the two soybean genotypes, BRS 283 (A) e BRS 537 (B), in 04 different treatments.
(C) control medium, vermiculite (V) substrate; sand (S) substrate, and MS medium plus activated charcoal (A).

The summary of characteristics that showed statistical difference comparing
control conditions with activated charcoal added medium is described in Figure 4. It’s
important to highlight that having a cultivar, such as BRS 537, showing a good root
development as a control in the tissue culture stages provide the researchers a
standard model for comparison with tested cultivar as well as a control for the media
with added charcoal. This protocol could also be applied in screenings with many
soybean candidate cultivars, ensuring that cultivars with good root development
were chosen for a genetic transformation process.
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BRS 283 BRS 537

Control Activated charcoal Control Activated charcoal

Superfnicial area 50%
Weighted Diameter 53%

Leng oot 26%
Dry Mass 39%
Superficial area 68%
Weighted diameter 63%

Figure 4. Characteristics that showed statistical difference comparing control
conditions (MS medium, Gamborg's vitamin solution and sucrose) with activated
charcoal treatment (C + 1g L activated charcoal) for both soybean genotypes assayed,
BRS 283 and BRS 537.

CONCLUSIONS

Results pointed out that rooting growth efficiency in soybean tissue culture was
genotype-dependent, for the two cultivars tested.

The great contribution of the work is in the characterization of two soybean
genotypes development in different culture media, which led to the conclusion that
there is a subtract x genotype interaction and to the conclusion that the medium with
activated charcoal offered the best chances of success in tissue culture for both
genotypes, considering all data assayed.

Medium containing activated charcoal induced better root growth in both
genotypes, BRS 283 and BRS 537, as identified in the length and dry mass of roots
data. However, BRS 537 showed higher roots volume, superficial area, and diameter.

Regardless of the soybean cultivar, rooting development at vermiculite and sand
substrates showed poorer growth performance.

ACKNOWLEDGEMENTS

The authors are grateful to the Coordination for the Improvement of Higher
Education Personnel (CAPES) and the National Council for Scientific and
Technological (CNPQ) for granting scholarships to Daniel de Amorim Barbosa and
Daniel Rockenbach Marin, respectively. And Embrapa for granting scholarship to
Mayla Daiane Correa Molinari and Elton Gargioni Grisoste Barbosa.

Agronomy Science and Biotechnology, Rec. 156, Volume 8, Pages 1-11, 2022 8/11



ASB JOURNAL

Activated charcoal added to tissue culture...

REFERENCES

Abbasi, Z., Hooshyar, S., & Bagherieh-Najjar, M. B. (2016). Improvement of callus
production and shoot regeneration using various organs of soybean (Glycine
max L. Merr) by response surface methodology. In Vitro Cellular &
Developmental Biology-Plant, 52 (5), 537-545. https://d0i:10.1007/s11627-016-
9778-1

Agarwal, S., & Kanwar, K. (2007). Comparison of genetic transformation in Morus
alba L. via different regeneration systems. Plant cell reports, 26(2) 177-185.
https://d0i:10.1007/s00299-006-0217-3

Barbosa, E. G. G, Leite, J. P., Marin, S. R. R., Marinho, J. P., Carvalho, J. F. C., Fuganti-
Pagliarini, R., Yamaguchi-Shinozaki, K., & Nepomuceno, A. L. (2012).
Overexpression of the ABA-dependent AREB1 Transcription Factor from
Arabidopsis thaliana Improves Soybean Tolerance to Water Deficit. Plant
Molecular Biology Reporter, 31, 719-730. https://d0i:10.1007/s11105-012-
0541-4

Bonga, J. M. (1985). Tissue culture techniques. In: Bonga, JM., & Durzan, D. J. Tissue
culture in forestry. Dordrecht: Martinus Nijhoff, p. 4-35.

Canteri, M. G., Althaus, R. A., Virgens Filho, J. S., Giglioti, E. A., & Godoy, C. V.
(2001). SASM-Agri - Sistema para andlise e separacdo de médias em
experimentos agricolas pelos métodos Scoft-Knott, Tukey e Duncan. Revista
Brasileira de Agrocomputacéo, 1(2), 18-24.
http://www.alice.cnptia.embrapa.br/alice/handle/doc/512901.

CONAB - Companhia Nacional de Abastecimento (2021) Boletim Grdos de 2021.
Brasilia, DF: CONAB. https://www.conab.gov.br/info-agro/safras/graos.

Dumas, E., & Monteuuis, O. (1995). In vitro rooting of micropropagated shoots from
juvenile and mature Pinus pinaster explants: influence of activated charcoal.
Plant Cell, Tissue and Organ Culture, 40(3), 231-235.
https://d0i:10.1007/BF00048128

Fehr, W. R., & Caviness, C. E. (1977). Stages of Soybean development. Special Report,
87. Ames, IA: lowa State University http://lib.dr.iastate.edu/specialreports/87

Ferreira, L. L., Carvalho, I. R., Lautenchleger, F., Martins, T. S., Carvalho, P.R. V.,
Amaral, G. C. L,, ... Loro, M. V. (2021). Soybean seedling performance in
diferente seed treatments. Agronomy Science and Biotechnology, 8, 1-11.
https://doi.org/10.33158/asb.r149.v8.2022

Fuganti-Pagliarini, R., Ferreira, L. C., Rodrigues, F. A., Molinari, H. B., Marin, SR,,
Molinari, M. D., Marcolino-Gomes, J., Mertz-Henning, L. M., Farias, J. R. B.,
Oliveira, M. C. N., Neumaier, N., Kanamori, N., Fujita, Y., Mizoi, J., Nakashima, K.,
Yamaguchi-Shinozaki, K., & Nepomuceno, A. L. (2017). Characterization of
soybean genetically modified for drought tolerance in field conditions. Frontiers
in Plant Science, 8, Article 448. https://d0i:10.3389/fpls.2017.00448

Agronomy Science and Biotechnology, Rec. 156, Volume 8, Pages 1-11, 2022 9/11


https://goo.gl/maps/NFhVidKCWDq
http://lib.dr.iastate.edu/specialreports/87

ASB JOURNAL Activated charcoal added to tissue culture...

Ghini, R. Influéncia das Mudangas Climdticas na Agricultura (2006) Jaguariuna, SP:
Embrapa Meio Ambiente,
http://www.alice.cnptia.embrapa.br/alice/handle/doc/1026278

Jia, Y., Yao, X., Zhao, M., Zhao, Q,, Du, Y., Yu, C., & Xie, F. (2015). Comparison of
soybean transformation efficiency and plant factors affecting transformation
during the Agrobacterium infection process. International Journal of Molecular
Sciences, 16(8), 18522-18543. https://d0i:10.3390/ijms160818522

Jorge, L. A. C,, & Silva, D. J. C. B. (2010). Safira: Manual de utilizagéo. Livro cientifico
(ALICE). Brasilia, DF: Embrapa Instrumentagado.
http://www.cnpdia.embrapa.br/downloads/safira/

Klink, V. P., MacDonald, M. H., Martins, V. E., Park, S. C., Kim, K. H., Baek, S. H., &
Matthews, B. F. (2008). MiniMax, a new diminutive Glycine max genotype with
a rapid life cycle, embryogenic potential and transformation capabilities. Plant
Cell, Tissue and Organ Culture, 92(2), 183-195.
https://doi.org/10.1007/s11240-007-9323-3

Li, S., Cong, Y., Liu, Y., Wang, T., Shuai, Q., Chen, N., & Li, Y. (2017). Optimization of
Agrobacterium-mediated transformation in soybean. Frontiers in plant science,
8, Article 246. https://d0i:10.3389/fpls.2017.00246

Liu, H. K., Yang, C., & Wei, Z. M. (2004). Efficient Agrobacterium tumefaciens-
mediated transformation of soybeans using an embryonic tip regeneration
system. Planta 219, 1042-1049. https://d0i:10.1007/s00425-004-1310-x

Liu, H. C., & Wei, Z. M. (2005). Recent advances in soybean genetic transformation.
Physiology and Molecular Biology of Plants, 31, 126-134. PMID: 15840930

Marinho, J. P., Fuganti-Pagliarini, R. Molinari, M. D. C., Marcolino-Gomes, J.,
Caranhoto, A. L. H., Marin, S. R. R, .. Mertz-Henning, L. M. (2021).
Overexpression of full-length and partial DREB2A enhances soybean drought
tolerance. Agronomy  Science and  Biotechnology, 8, 1-21.
https://doi.org/10.33158/asb.r141.v8.2022

Makunga, N. P., & Staden, J. (2008). An efficient system for the production of clonal
plantlets of the medicinally important aromatic plant: Salvia Africana-lutea L.
Plant Cell, Tissue and Organ Culture, 92(1), 63-72. https://d0i:10.1007/s11240-
007-9305-5

Mantovani, N. C., Franco, E. T. H., & Vestena, S. (2001). In vitro regeneration of Louro-
pardo (Cordia trichotoma (Vellozo) Arrabida ex Steudel). Ciéncia Florestal, 11(2),
93-101. https://d0i:10.5902/198050981658

Mulwa, R. M. S., & Bhalla, P. L. (2006). In vitro plant regeneration from immature
cotyledon explants of macadamia (Macadamia tetraphylla L. Johnson). Plant cell
reports, 25(12), 1281-1286. https://d0i:10.1007/s00299-006-0182-x

Agronomy Science and Biotechnology, Rec. 156, Volume 8, Pages 1-11, 2022 10/11


https://doi.org/10.3390/ijms160818522

ASB JOURNAL

Activated charcoal added to tissue culture...

Oakes, A. D., Desmarais, T., Powell, W. A., & Maynard, C. A. (2016). Improving rooting
and shoot tip survival of micropropagated transgenic American chestnut shoots.
American  Society  for  Horticultural  Science, 51 (2), 171-176.
https://d0i:10.21273/HORTSCI.51.2.171

Raza, G., Singh, M. B., & Bhalla, P. L. (2017). In vitro plant regeneration from
commercial cultivars of soybean. Bio Med Research International. Article
ID 7379693. https://d0i:10.1155/2017/7379693.

Shekhawat, M. S., & Manokari, M. (2016). In vitro propagation, micromorphological
studies and ex vitro rooting of cannonball tree (Couroupita guianensis aubl.): a
multipurpose threatened species. Physiology and Molecular Biology of Plants,
22(1), 131-142. https://d0i:10.1007/s12298-015-0335-x

Song, Z. Y., Tian, J. L., Fu, W. Z,, Li, L., Lu, L. H., Zhou, L., Shan, Z. H., Tang, G. X., &
Shou, H. X. (2013) Screening Gendtipos chineses de soja quanto a adequacédo da
transformacdo genética mediada por Agrobacterium. Journal of Zhejiang
University Science B, 14(4): 289—-298.

Thomas, T. D. (2008). The role of activated charcoal in plant tissue culture.
Biotechnology advances, 26 (6), 618-631.
https://d0i:10.1016/j.biotechadv.2008.08.003

Treter, R. J., Carvalho, I. R., Hutra, D. J., Loro, M. V., Cavinatto, M., Lautenchleger, F.,
& Sfalcin, I. C. (2021). Symptoms and interrelationships of macro and
micronutrients available for soybean. Agronomy Science and Biotechnology, 8,
1-15. https://doi.org/10.33158/asb.r150.v8.2022

Xiao, W., Huang, X. L., Huang, X., Chen, Y. P., Dai, X. M., Zhao, J. T. (2007). Plant
regeneration from protoplasts of Musa acuminata cv. Mas (AA) via somatic
embryogenesis. Plant Cell, Tissue and Organ Culture, 90 (2), 191-200.
https://d0i:10.1007/s11240-007-9241-4

Agronomy Science and Biotechnology, Rec. 156, Volume 8, Pages 1-11, 2022 11/11



