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ABSTRACT: International breeding programs launched new genetic material of apple rootstocks that in addition to precocity and
great yield are resistant to major diseases and soil pests encountered in the largest apple producing regions in Brazil. Given this,
there is a necessity for vegetative propagation of these materials for study and possible replacement of existing rootstocks. The
objective was to adapt a micropropagation protocol for new apple rootstock ‘G. 814°. In the multiplication phase were evaluated BAP
concentrations: 0; 0.5; 1; 2 and 4mg L' and in the rooting phase were evaluated IBA concentrations: 0; 0.25; 0.50; 1; 1.5 and 2.5mg
L. These new results demonstrated that this new rootstock selection can be propagated with this tissue culture adapted protocol.
For the successful in vitro propagation of apple rootstock ‘G. 814’ it is indicated the use of Img L' BAP at multiplication phase and
1.5mg L' IBA at rooting phase.

Key words: Malus sp., in vitro culture, plant growth regulators.

Micropropagaciao do novo porta-enxerto de macieira ‘G. 814’

RESUMO: Programas de melhoramento internacional lan¢aram novos materiais genéticos de porta-enxertos de macieira que além
de precoces e produtivos sdo resistentes as principais doengas e pragas de solo das maiores regides produtoras de ma¢d no Brasil.
Diante disto, existe a necessidade de propagag¢do vegetativa destes materiais para estudos e possivel substitui¢do dos atuais porta-
enxertos. O objetivo foi adaptar um protocolo de micropropagac¢do para o novo porta-enxerto de macieira ‘G. 814°. Na fase de
multiplicagdo dos explantes foram avaliadas concentragées de BAP: 0; 0.5; 1; 2 e 4mg L' e na de enraizamento concentragées de
AIB: 0, 0.25; 0.50; 1; 1.5 e 2.5mg L. Esta sele¢do de porta-enxerto pode ser micropropagada com este protocolo adaptado. Para o
sucesso na propagagdo in vitro do porta-enxerto de macieira ‘G. 814’ ¢ indicado o uso de Img L~ de BAP na fase de multiplicagcdo
ede 1.5mg L' de AIB na fase de enraizamento.

Palavras-chave: Malus sp., cultivo in vitro, fitorreguladores.

The Brazilian apple  production et al., 2015), and according to PASA et al.
expanded significantly in the last two decades (2016), the rootstock from this series looks very
due to factors such as the production of modern promising for the South region of Brazil. Thus, the
varieties, rootstocks with phytosanitary quality micropropagation of adapted rootstocks to different
and high-density orchards, increasing production apple cultivars is being widely studied today in
around one million tons, where Santa Catarina order to obtain a commercial scale production
State is responsible for 59% of national production and the possible replacement by new rootstocks,
(BITTENCOURT, 2011). Rootstock ‘G. 814’ is which requires the availability of large amount of
developed by the breeding program of Cornell- propagation material.

Geneva (Geneva® series), that state the most According to the review made by
complete rootstocks in relation to high-density DOBRANSZKI & SILVA (2010) there are a
systems and resistant to major pests and soil range of protocols that can be used for apple
diseases of apple orchards in Brazil (DENARDI rootstocks, although, there is a strong genotype
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dependence regarding the salt composition of the
best propagation media. The most regular media
used for apples include MS, QL, WPM and DKW;
therefore, the objective of this study was to adapt
a micropropagation protocol for the new apple
rootstock ‘G. 814’ aiming a larger scale production
of this material.

This research consisted of two
parallel experiments and was conducted in
the years 2012 and 2013 in the Laboratory
of Plant Micropropagation of Santa Catarina
State University, located in Lages - SC. In
the first experiment, nodal segments of °G.
814” were used as explants with 2+0.5cm size,
and the treatments were BAP concentrations
(6-benzylaminopurine): 0; 0.5; 1; 2 and 4mg
L. In the second experiment, explants from the
multiplication phase, previously cultured media
in with Img L' of BAP, were used with 3+0.5cm
size, and the treatments were IBA concentrations:
0; 0.25; 0.50; 1.0; 1.5 and 2.5mg L-".

In both studies, the culture media used
was QL modified by LEBLAY et al. (1991),
supplemented with 100mg L of inositol, 30g
L' of sucrose and 6g L' of agar, pH adjusted
to 5.8 prior to addition of agar. Subsequently
it was autoclaved at 121°C and 1.5atm for 20
minutes. After the inoculation of explants into the
culture media, they were stored under controlled
conditions of 27pumol m?s?! light intensity,
photoperiod of 16 hours and temperature of
25+2°C.

The experimental design was completely
randomized, with 6 replicants of 5 explants per
treatment. After a period of 45 days, the variables
analyzed in the multiplication phase were number
of shoots, buds and leaves and length of shoots In
the rooting phase were analyzed percentage and
number of roots, length of roots and shoots, and
the presence of callus. The data were submitted to
analysis of variance and regression analysis using
the program Sisvar.

During the in vitro multiplication there
was no significant difference for the variables
number of leaves and number of buds. JAMES
& THURBON (2015) when working with ‘M.9’
rootstock observed that BAP concentrations of 1
and 2mg L' increased multiplication variables.
In this study, for the rootstock ‘G. 814°, this was
not an essential growth regulator to break apical
dominance of shoots in order to provide a larger
number of leaves and buds for the explants.
For the variable length of shoots was adjusted

a second-degree equation, where intermediate
concentrations (between 0.5 and 3mg L) had
lower responses. It was reported that the treatment
without BAP and concentrations above 3.5mg
L increased the length of explants, 11.1 and
9.7mm respectively (Figure 1b). Given the small
difference reported between the absence and
high concentration of this growth regulator in the
length of shoots, it is justified the use of culture
media without BAP, permitting a reduction in
costs (CAMARGO et al., 2015).

For number of shoots, which is the
most important variable in this stage, it was
adjusted a second-degree equation, where
low and high concentrations provided lower
sprouting, and Img L' BAP (Figure la) had
the best response (9.7 shoots). According to
DOBRANSZKI & SILVA (2010), multiplication
of apple explants depends on several factors:
genotype; organic and inorganic compounds
and plant growth regulators, and the cytokinin
BAP is used commonly in the range of 0.5 to
5.0mg L' (GRATTAPAGLIA & MACHADO,
1998). The authors SANTA CATARINA (2001)
concluded that for apple rootstock ‘Selection 69’
combining 0.5mg L' of BAP and GA3 promoted
the greatest number of shoots. GENG et al.
(2016) aiming the shoots and length increase of
in vitro explants of different selections from the
same Cornell-Geneva breeding program, ‘G.30’
and ‘G.41°, observed that the concentration
2.0mg L' of BAP were more effective to increase
number of shoots, also being more effective than
thidiazuron (TDZ) or zeatin (ZT). These results
indicated that there is not an exact concentration
of cytokinin, and for every selection, even from
the same breeding program, a concentration must
be adjusted.

In the study of in vitro rooting
was observed significant differences for all
variables, and all had a similar behavior, where
concentrations above 1.5mg L' IBA provided
a decrease in rooting percentage, number
and length of roots. The Maximum Technical
Efficiency (MTE) to the percentage of rooted
plants (94%) was at 1.73mg L' concentration of
IBA (Figure 2a). Higher number of roots (2.1)
and length (6cm) were at 1.5 and 1.0mg L-!
concentrations (Figures 1b and Ic), respectively.
According to CENTELLAS et al. (1999)
several authors achieved good results using
IBA between 1 and 3mg L' (5-15uM) for apple
tree rooting. For the authors BHATTI & JHA
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Figure 1 - Number of shoots and length of shoots per explant of apple rootstock ‘G. 814’ due to BAP
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(2010), the auxin studied in this research (IBA)
tends to be more favorable for the root system
development of apple trees, and according
to JONES & HATFIELD (2015) can increase
the rooting proportion when combined with
phenolic compounds. To the variable presence of
callus (%) was observed a directly proportional
relationship between occurrence of callus and

IBA concentration, where higher amount of IBA
in the media reflected on greater callus on the explants.

The results demonstrated that the new
apple rootstock ‘G. 814’ can be successfully
micropropagated with the adapted protocol
presented, which indicated the use of Img L
BAP at in vitro multiplication phase and 1.5mg
L' IBA at in vitro rooting phase.
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Figure 2 - Percentage of rooting, number of roots, length of roots and percentage of callus in explants of apple rootstock ‘G. 814’ due to

2.5
L ]
2 T =1
g 13 y =-02874x2 + 1.1486x + 0.871
& e RZ=0.9272
2 1,
E
z
0.5
0
0 0.5 1 1.5 2 2.5
Concentrations of IBA (mg L)
100 .
y=43.312x - 10.174
80 R2=0.9701
g &
g
- -“
20 o
Qe o .
0 0.5 1 1.5 2 2.5

Concentrations of TBA (mg [-!)

ACKNOWLEDGMENTS

This research was financially supported by Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq), Fundagao
de Apoio a Pesquisa Cientifica e Tecnologica do Estado de Santa Catarina
(FAPESC) and Universidade do Estado de Santa Catarina (UDESC).

REFERENCES

BHATTI, S.; JHA, G. Current trends and future prospects of
biotechnological interventions through tissue culture in Apple. Plant
Cell Reports, v.29, p.1215-1225, 2010. Available from: <https://
link.springer.com/article/10.1007/s00299-010-0907-8>.  Accessed:
Dec. 10, 2015. doi: 10.1007/500299-010-0907-8.

BITTENCOURT, C.C. et al. The productive chain of the apple in
Santa Catarina: competitiveness according to production and packing
house. Revista de Administracio Piblica, v.45, n.4, p.1199-1222,
2011. Available from: <http://www.scielo.br/scielo.php?script=sci
arttext&pid=S0034-76122011000400013>.  Accessed: Mar. 05,
2017. doi: 10.1590/S0034-76122011000400013.

CAMARGQO, S.S. et al. Phytoregulators and spectra of light in the
micropropagation of Oncidium baueri Lindl. Ciéncia Rural, v.45,

n.11, p.2007-2012, 2015. Available from: <http://www.scielo.br/
scielo.php?script=sci_arttext&pid=S0103-84782015001102007>.
Accessed: Mar. 05, 2017. doi: 10.1590/0103-8478¢cr20141780.

CENTELLAS, A.Q. et al. Effect of synthetic auxins on in vitro
rooting of apple trees. Pesquisa Agropecuaria Brasileira, v.34,
n2, p.181-186, 1999. Available from: <http:/www.scielo.br/
scielo.php?script=sci_arttext&pid=S0100-204X1999000200005>.
Accessed: Mar. 05,2017. doi: 10.1590/S0100-204X1999000200005.

DENARDILF. etal. Agronomic performance of ‘Geneva®’ series of apple
tree rootstocks in southern Brazil. Revista Brasileira de Fruticultura.
v.37, n.1, p. 104-111, 2015. Available from: <http:/www.scielo.br/
scielo.php?script=sci_arttext&pid=S0100-29452015000100104>.
Accessed: Mar. 05, 2017. doi: 10.1590/0100-2945-438/14.

DOBRANSZKI, J.; SILVA, JA.T. da. Micropropagation of apple - A
review. Biotechnology Advances, v.28, p.462-488, 2010. Available from:
<http://www.sciencedirect.com/science/article/pii/S0734975010000285>.
Accessed: Mar. 05,2017. doi: 10.1016/j.biotechadv.2010.02.008.

GRATTAPAGLIA, D.; MACHADO, M.A. Micropropagation. In:
TORRES, A.C. etal. Tissue Culture and Genetic Transformation
of Plants. | ed. Brasilia: Embrapa — SPI; Embrapa CNPH, 1998.
V1, p.183-260.

Ciéncia Rural, v.47, n.6, 2017.

&,
>,

o
o,
” o

'®.
Poos .:

Cos,

-,

P
.
£ cos

L e,



e S, I

o,
"o,

> o —
'a“";;',

Micropropagation of the new apple rootstock ‘G. 814°. 5

GENG,F. etal. Increasing in vitro shoot elongation and proliferation
of ‘G.30’ and ‘G.41" apple by chilling explants and plant growth
regulators. Hort Science, v.51, p.8§99-904, 2016. Available from:
<http://hortsci.ashspublications.org/content/51/7/899.abstract>.
Accessed: Mar. 05, 2017.

JAMES, D.J.; THURBON, ILJ. Shoot and root initiation in
vitro in the apple rootstock M.9 and the promotive effects of
phloroglucinol. Journal of Horticultural Science, v.56, n.1, p.15-
20, 2015. Available from: <http://www.tandfonline.com/doi/abs/1
0.1080/00221589.1981.11514960>. Accessed: Mar. 05, 2017. doi:
10.1080/00221589.1981.11514960.

JONES, O.P; HATFIELD, S.G.S. Root initiation in apple
shoots cultured in vitro with auxins and phenolic compounds.
Journal of Horticultural Science, v.56, n.1, p.495-499, 2015.
Available from: <http://www.tandfonline.com/doi/abs/10.108
0/00221589.1976.11514718>. Accessed: Mar. 05, 2017. doi:
10.1080/00221589.1976.11514718.

LEBLAY, C. et al. Adventitious shoot regeneration from in vitro
leaves of several pear cultivars (Pyrus communis L.). Plant Cell,
Tissue and Organ Culture, v.25, p.99-105, 1991. Available from:
<https://link.springer.com/article/10.1007%2FBF00042180?LI=tr
ue>. Accessed: Mar. 05, 2017.

PASA, M.S. et al. Performance of ‘Imperial Gala’ and ‘Mishima
Fuji” apple trees on different rootstocks. Pesquisa Agropecuaria
Brasileira, v.51, n.1, p.17-26, 2016. Available from: <http://
www.scielo.br/pdf/pab/v51n1/1678-3921-pab-51-01-00017.
pdf>.  Accessed: Mar. 05, 2017. doi: 10.1590/S0100-
204X2016000100003.

SANTA-CATARINA, C.; MACIEL, S. da C.; PEDROTTI, F. D.
E. L. Micropropagation of apple rootstock ‘selection 69’ tolerant
to brown rot (Phytophthora cactorum). Ciéncia Rural, v.31,
n.5, p.757-762, 2001. Available from: <http://www.scielo.br/
scielo.php?script=sci_arttext&pid=S0103-84782001000500003>.
Accessed:Mar.05,2017.doi: 10.1590/S0103-84782001000500003.

Ciéncia Rural, v.47, n.6, 2017.



