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Abstract. The objective of this work was to evaluate the rooting of semi-hardwood blueberry minicuttings, from different
cultivars and groups, from the Highbush and Rabbiteye groups in the same culture medium. The experiment was carried
out in an agricultural greenhouse in a commercial nursery whith semi-hardwood mini-cuttings were used. The work was
conducted, with cuttings segmented into mini-cuttings with three gems and an average diameter of 1.5 mm.
Subsequently, their bases were immersed, for 10 seconds, in a commercial solution of IBA, in the concentration of 2.000
mg.L'l, with a mixture of coarse-grained sand and commercial substrate in the proportion of 1:1 as a substrate. The
Bifactorial experimental design used was in completely randomized blocks, with two groups (highbush and rabbiteye)
and six cultivars (Georgiagem, Misty, O'Neal, Bluegem, Powderblue and Woodard), with four replications and ten
cuttings per plot. The percentage of rooted cuttings and surviving cuttings, average number of roots and shoots per
cuttings, length of the largest root and shoot, were evaluated. It was found that, in general, the rabbiteye group was
superior when compared to the highbush group. Blueberry cultivars from the rabbiteye group when propagated by semi-
hardwood cuttings, have greater rooting facility than cultivars from the highbush group. The rooting potential between the
cultivars in blueberry studied was different, allow the formation of 95% of cuttings rooted in 90 days.
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Introduction

The blueberry is a fruit species of temperate
climate originating in Europe and North America, its
fruits have been consumed internationally,
significantly increasing the world cultivation (Wang
et al., 2015). In Brazil, the crop is expanding, but
among the main obstacles to its national
dissemination, there is a lack of technical knowledge
and the low production of seedlings limited by the
difficulty of propagation in most cultivars (Koyama et
al., 2019; Shahab et al., 2018).

The limitation in the production of seedlings
ends up making the value of the seedling very high
and thus, ceasing to be attractive to the farmer who
does not yet have the domain of technical
knowledge and / or success in cultivating this
species. The blueberry can be propagated sexually
through seeds and asexual based on the use of
vegetative  structures. In  seed propagation,
according to Fischer et al. (2010) the percentage of
germination can reach approximately 75%, however
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this method presents the genetic segregation of new
plants as an inconvenience.

In a study carried out to verify the rooting
capacity of woody cuttings of highbush blueberry
group (Vaccinium corymbosum L.) using different
concentrations of indole-butyric acid, An et al.,
(2019) found better responses of the concentrations,
than exogenous concentrations of IBA with 1000 or
2000 ppm IBA induced root formation and increased
the number of roots in most blueberry cultivars.

The blueberry, when propagated by
cuttings, whether woody or herbaceous, makes it
possible to obtain, depending on the cultivar, a
rooting in the order of 60% to 80%. In Europe, both
methods of propagation are used, while in the
United States, it is preferred to use woody cuttings
for the highbush group and herbaceous cuttings for
the rabbiteye group (Bounous, 2003). Another
important factor to be considered in the successful
rooting of blueberry cuttings is the time taken to
remove the cuttings, which is of fundamental
importance, since in different periods of time the
presence of various hormonal substances also
changes, as well as the nutritional substances that
favor rooting (Braha & Rama, 2016).

The rooting of cuttings is determined by a
complex interaction between internal and
environmental factors and the feasibility of using the
technique for cutting depends on the ability to form
adventitious roots of each species and / or cultivar
or even on the propagation technique (Li et al.,
2009). Rooting skills of woody cuttings vary
significantly between different blueberry cultivars,
when working with different Bluebeauty and Biloxi
cultivars expressed higher rooting percentage
(68.55% and 68.01%, respectively) and
comprehensive rooting index values (35.18% and
33.59%, respectively) (An et al., 2019).

Auxins can also act on root development,
because in addition to determining almost all
aspects of rejuvenation of plants, in the roots, the
phenotypes associated with auxin are characterized
by an increase dependent on the concentration in
the length of the root hairs and the primary root
(Peret et al., 2009). For Shahzad et al., (2019), the
propagation of guava through cuttings can yield the
best results with the application of 1600 ppm of IBA
followed by 7000 ppm of ANA in peat + soil and soil
+ peat + sand + bagasse, respectively. The
application of ANA has a positive effect on the
rooting of guava.

Braha & Rama (2016), when conducting
studies with the propagation of blueberry, found that
the rooting capacity between herbaceous cuttings
increases from the base to the apex of the branch,
obtaining better results when using the middle
portion of it, considering that this part is richer in
nutrients and rhizogenic matter that enhance the
induction of adventitious roots.

For the propagation of plants, there are
some methods to propagate vegetatively, among
the methods of vegetative propagation, mini-cuttings
can be used as an alternative and successfully on a
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commercial scale in different species, and can be
presented as a good alternative for blueberry
cultivation, in addition to making it possible to obtain
a larger number of plants from a single matrix plant.
Jung et al. (2008), when studying the percentage of
rooting, survival, length and diameter of herbaceous
cuttings from different blueberry cultivars in the
Highbush group, found the influence of the cultivar
on rooting and the size of cuttings in field survival,
where mini-cuttings (8 -12 cm) showed greater
survival with 66.7% compared to 49.3%, of the
larger cuttings (14 -16 cm).

In view of the above, this study aimed to
evaluate the rooting of semi-hardwood blueberry
mini-cuttings, from different cultivars of the groups
Highbush and Rabbiteye in the same cultivation
medium.

Material and methods

The experiment was carried out in an
agricultural greenhouse in a commercial nursery,
located in the city of Pelotas - RS. In this work,
semi-hardwood mini-cuttings were used, from the
highbush group (Georgiagem, Mysty and O'Neal)
and from the rabbiteye group (Bluegem, Powderblue
and Woodard), from secondary branches from two-
year-old matrix plants, grown in cartons of
cultivation of polyethylene with dimensions of 17 x
23 cm containing commercial peat-type substrate,
fertigated according to the recommendation for
culture with the water pH being corrected to 5.0 with
Quimifol P30®.

The branches were collected and the
experiment was conducted in the summer period,
beginning of the second half of February and stored
in buckets of water. Subsequently, they were
segmented in mini-cuttings with three gems and an
average diameter of 1.5 mm, discarding the apical
part of them. After segmentation, the leaves at the
base of the cuttings were removed, leaving only a
whole leaf at the upper end.

With the aid of a pocket knife, two
superficial lesions were made at the base of the
mini-cuttings on the opposite side of the gem, taking
care to maintain its integrity. Subsequently, their
bases were immersed, for 10 seconds, in a
commercial solution of IBA (Clone Gel®), in the
concentration of 2.000 mg.L"l, and placed to root on
wooden benches of 2.45 x 1.23 m, 20 cm high,
containing a layer of crushed stone No. 2 under a 2
mm plastic screen at the bottom, to facilitate
drainage, and a mixture of coarse-grained sand and
commercial substrate Turfa Fértil® in the proportion
of 1: 1 as a substrate.

After planting, the cuttings were sprayed
with Orthocid® 500 PM (2.5 g.L™" of water), the
same operation being repeated after seven days.
The propagating material was kept in a protected
environment, under an automatic intermittent
irrigation system by micro sprinkler regulated
according to the climate, in order to keep the leaves
of the cuttings covered by a thin layer of water. The
pH of the water used for irrigation was corrected to
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approximately 5.0 with Quimifol P 30® 5.0, as
recommended by Freire (2004) and Campos et al.
(2005).

The Bifactorial experimental design used
was in completely randomized blocks, with two
groups (highbush and rabbiteye) and six cultivars
(Georgiagem, Misty, O'Neal, Bluegem, Powderblue
and Woodard), with four replications and ten
cuttings per plot.

At 90 days, the percentage of rooted
cuttings and surviving cuttings (without rooting),
average number of roots per cuttings, length of the
largest root, average number of shoots and the
length of the largest shoot were evaluated.

The data were submitted to analysis of
variance by the F test and, when significant, were
compared to the means by the Duncan test at 5%
probability. The data expressed as a percentage
(rooting and surviving cuttings) were transformed
trough the arcsin function (x / 100)*2. The statistical
program WinStat, version 2.0 (Machado &
Conceicéo, 2005) was used for the analyzes.

Results and discussion

According to the results obtained, it was
found that, in general, the rabbiteye group was
superior when compared to the highbush group.

For the rooting percentage, when
comparing the different cultivars, Bluegem (95%)
and Woodard (95%), both from the rabbiteye group,
were superior in relation to the cvs. Georgiagem and
O'Neal, from the highbush group, which had the
lowest rooting percentages (30% and 48%,
respectively), similar results were found for the
variable percentage of cuttings survival (Figure 1).

The rooting percentage obtained in the
cultivars Bluegem (95%) and Woodard (95%) is
compatible with the work carried out by Fischer et
al., (2013) with cultivars from the same blueberry
group, where they obtained similar results in mini-
cuttings with only one leaf, for the cultivar
'Powderblue’, using 2.000 mg.L™ of IBA, reaching a
result of 96% to 98% of rooting after 90 days.

For Shahab et al (2018), in rooting work
with the cultivar Woodard, with 5cm mini-cuttings,
the result regarding the rooting percentage is even
more effective when the mini-cuttings are submitted
to 3.000 mg.L'1 of IBA, obtaining percentages up to
53%.

Litwinczuk & Prokop (2010), when
conducting studies with cutting plants from the
Highbush group, found that cv. Herbert also showed
high rooting percentages, similar to that found in this
work, reaching 96% with the use of 2,3: 4,6-Di-O-
isopropylidene-2-keto-L-gulonic acid (dikegulac®),
applied in cover in the mother plant and the
micropiles treated with 3.000 mg.L™ of IBA.

Regarding the different groups, the
rabbiteye group was superior in terms of rooting
percentage (91%), average number of roots per
cuttings (10.42) and percentage of surviving cuttings
(0.94%), in relation to the highbush group that
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showed 50% rooting, 2.95 roots per cuttings and
0.78% of surviving cuttings (Figure 1).

Various factors such as temperature,
humidity, luminosity, substrate, period of collection,
nutrition, maturation, physiological and
environmental conditions of the matrix plant can
influence the rooting of mini-cuttings (Jesus et al.,
2020).

The superiority found is possibly related to
the physiological conditions of the cultivars and the
collection period of the mini-cuttings, factor identified
by Marangon & Biasi (2013) in which the cultivars
Bluegem and Powderblue are influenced in relation
to the collection period, with the summer being the
most appropriate period.

For Miller et al.,, (2006) the rooting of
blueberry plants in the highbush and rabbitteye
groups is variable and can change from one year to
the next, reaching percentages between 30 to 80%.
The results obtained in this work are compatible with
the variables found by (Miller et al., 2006) regarding
the minority margin, however reaching rates above
80% in the case of cultivars Bluegem (95%) and
Woodard (95%).

Regarding the number of roots per cuttings,
it was observed among cultivars that cv.
Powderblue had the highest average number
(14.05), followed by cvs. Bluegem and Woodard, all
from the rabbiteye group, while cv. Georgiagem had
the lowest average number (1.18), not only differing
from cv. O'Neal, which was also similar to cv. Misty.
For the different groups, there was a superiority of
the rabbiteye group with an average of 10.42 roots
per cuttings, in relation to the highbush group that
presented an average of 2.95 (Figure 2).

The results obtained in particular for the
Powderblue cultivar are superior to the work carried
out by Colombo et al.,, (2018) which obtained a
variable of 3.5 to 5 roots per mini-cuttings to
cultivate Powderblue, when cultivated on different
substrates (rice husks carbonized, pine bark and
vermiculite) submitted to 3.000 mg.L™ of IBA. This
difference is probably due to the relationship
between the different dosages of IBA or the physical
characteristics of the substrate used, which
emphasizes the importance of the material to be
used.

The results obtained regarding the number
of roots per cutting are higher than the number of
roots found by Marangon & Biasi (2013), referring to
the cultivars Bluegem (5.6) and Powderblue (7.5),
when evaluated in similar periods and
characteristics.

Regarding the average length of the roots, a
behavior similar to the average number of roots was
found, however, cv. Bluegem was superior with an
average of 8.74 cm, not differing from the other
cultivars of the same rabbiteye group. The shortest
root length was verified with cv. Georgiagem (2.31
cm). When comparing the different groups, there
were no differences between them with respect to
this variable (Figure 2).



Giacobbo et al. Rooting of semi-hardwood blueberry mini-cuttings from different cultivars from the highbush and rabbiteye groups

A 100 a a b
80 b
°\°
o 60 B
|
2 40 ¢
S
& 20
0
S & W 3 & &
ov & R N B 3
N & oo &
Q v
Cultivars
Cl 1 |
a
o 1.0 ‘ ab ab o
<08 | ¢
£ 06
s 7]
‘04
B 00
& 02 |
0,0 -
& g \
& & & &5
Q}\o N & ¥
¢ o
Cultivars

Figure 1. Percentage of rooting and surviving cuttings in, A and C) different cultivars, and B and D) different blueberry

groups. Pelotas, 2021.

* Different letters between the columns, differ significantly by the Duncan test at 5% probability.

Figure 2. Number and length of root per cuttings in, A and C) different cultivars, and B and D) different groups of

blueberry. Pelotas, 2021.
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Figure 3. Number and length of shoots per cuttings in A and C) different cultivars and B and D) different groups of

blueberry. Pelotas, 2021.

*Different letters between the columns, differ significantly by the Duncan test at 5% probability. ™ not significant.

Koyama et al., (2019) in a work carried out
to verify the rooting of blueberry cv, 'Briteblue' with
cuttings collected in the summer, in different lengths
of cuttings and different substrates using carbonized
rice husk and coconut fiber, found similar values of
root length, when comparing the different lengths of
cuttings (8.10 cm), however when comparing the
different substrates, they found higher values with
the use of carbonized rice husks (12.7 cm) and
much lower when using coconut fiber (3.4 cm).

The good development of the root system is
important to reduce the mortality of seedlings in the
field after transplantation (Colombo et al., 2018).

For the variables, average number of shoots
and longer shoot length per cuttings, cvs. Bluegem
and O’Neal presented the highest number of shoots
with 0.30 and 0.23 respectively. And the cv. O'Neal
showed the longest shoots length with 0.38 cm.
Among the different groups, there were no
significant differences for this variable.

Root growth points are sources of growth
regulators, mainly cytokinins, which are transferred
to growth points in the area and thus acting on cell
multiplication (Taiz & Zeiger, 2006). This fact may
explain the relationship between good root
development and the number of shoots per cuttings
in the Bluegem cultivar evaluated in this work. On
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the other hand, this information differs totally when
compared to cultivar O'Neal which presented only
48% of rooted cuttings, low amount of root per
cuttings and small roots, however presents a high
number of shoots per cuttings and the longest shoot
length in relation to the other evaluated cultivars.

Conclusions

Under the conditions in which the
experiment was conducted, it was concluded that:
- Blueberry cultivars from the Rabbiteye group
when propagated by semi-hardwood mini-cuttings,
have greater rooting facility than cultivars from the
Highbush group.
The rooting potential among the cultivars
Georgiagem, Misty, O'Neal, Bluegem, Powderblue
and Blueberry Woodard studied is different.
- The Bluegem and Woodard varieties, when
propagated via mini-cutting and subjected to 2.000
mg.L'1 IBA, allow the formation of 95% of cuttings
rooted in 90 days.

Acknowledgments
The authors wish to thank the nursery trees
Frutplan Mudas Ltda for providing the peach trees.



Giacobbo et al. Rooting of semi-hardwood blueberry mini-cuttings from different cultivars from the highbush and rabbiteye groups

Author contributions

For the development of this article, the
authors actively participated in the installation,
conduct and discussion of the data.

References

AN, H,; MENG, J.; XU, F.; JIANG, S,; WANG, X,;
SHI, C,; ZHOU, B,; LUO, J, AND ZHANG, X. 2019.
Rooting Ability of Hardwood Cuttings in Highbush
Blueberry (Vaccinium corymbosum L.) Using
Different  Indole-butyric  Acid  Concentrations.
HORTSCIENCE 54(2):194-199.
https://doi.org/10.21273/HORTSCI13691-18

BOUNOUS, G. et al. 2003. Tecniche di produzione
del mirtilo gigante in Italia. Rivista di Frutticoltura e
Ortofloricoltura, Bologna, n.11, p.24-30.

BRAHA, S.; RAMA, P. 2016. The Effects of Indol
Butyric Acid and Naphthalene Acetic Acid of
Adventitious Root formation to Green Cuttings in
Blueberry cv. (Vaccinium corymbosum L.).
International Journal of Science and Research
(OSR). v. 5 n. 7, p. 876-879. DOI:
https://doi.org/10.21275/v5i7.ART2016324.

COLOMBO, R. C. et al. 2018. Blueberry
Propagation by Minicuttings in Response to
Substrates and Indolebutyric Acid Application
Methods. Journal of Agricultural Science. Vol.10,
No.9.

FISCHER, D. L. de O.; FACHINELLO, J. C;
GIACOBBO, C. L.; TIMM, C. R. F.. 2010. The effect
of hormone, stratification period and cultivar on
seeds germination of Blueberry. Acta Horticulturae,
v. 872, p. 359-364.

FISCHER, D. L. O. et al. 2013. Rooting of blueberry
minicuttings. Revista de la Facultad de Agronomia.
La Plata, Vol 112, p.1-5.

JESUS, J. S. et al. 2020. Mini-cuttings of forest and
fruit species. Cientifica. Jaboticabal, v.48, n.1, p.67-
75.

JUNG, J.H.; LEE, B.Y.; KIM, H.Y.; KIM, H.K;
HONG, S.J. 2008. Growth and Survival Rate of
Softwood Cuttings Influenced by Bed Media, Cutting
Length and Thickness on Several Cultivars of
Highbush Blueberry. Korean Journal of Horticultural
Science and Technology. v. 26, n.2, p. 134-138.

KOYAMA, R. et al. 2019. Indole butyric acid
application methods in ‘Brite Blue’ blueberry cuttings
collected in different seasons. Revista Brasileira de
Ciéncias Agrarias, RBCA. Recife. v.14, n.3. e6542.

KOYAMA, R. et al. 2018. Multiplication of blueberry
mini-cuttings in different growth media. Agronomy

14

Science end Biotechnology. Londrina. v. 4, issue 1,
pages 28-35.

LI, S. W., XUE, L., XU, S., FENG, H., AN, L. 2009.
Mediators, genes and signaling in adventitious
rooting. Botanical Reviews, n. 75, p. 230-247.

LITWINCZUK, W., PROKOP, A. 2010. The
usefulness of dikegulac in propagation of highbush
blueberry (Vaccinium corymbosum L.) ‘Herbert’.
Journal of Fruit and Ornamental Plant Research,
v.18, n.2, p.85-92.

MACHADO, A. A, CONCEI(;AO, A. R. 2005.
WinStat - Sistema de Andlise Estatistica para
Windows. Versdo Beta. Universidade Federal de
Pelotas.

MARANGON, A. M.; BIASI, L. A. 2013. Estaquia de
mirtilo nas estacdes do ano com acido indolbutirico
e aquecimento do substrato. Pesquisa Agropecuaria
Brasileira. V.48, p.25-32.

MILLER, S. A. et al. 2006. A comparison of
blueberry propagation techniques e mirtilo in New
Zealand. Acta Horticulturae. Sevilla, v. 715, p. 397-
401.

PERET, B, DE RYBEL, B, CASIMIRO, |,
BENKOVA, E, SWARUP, R, LAPLAZE, L,
BEECKMAN, T, BENNETT, MJ. 2009. Arabidopsis
lateral root development: an emerging story. Trends
in Plant Science. n. 14, p. 399-408.

ROCHA, J. H. T. et al. 2015. Produtividade do
minijardim e qualidade de miniestacas de um clone
hibrido de Eucalyptus grandisx Eucalyptus urophylla
(i-224) em fungé@o de doses de nitrogénio. Revista
Ciéncia Florestal, v. 25, n. 2, p. 273 -279.

SHAHAB, M. et al. 2018. Clonal propagation of
blueberries mini  cutting sunder subtropical
conditions. International Journal of Biosciences, 1JB.
v.13, n.3, p.1-9. DOI: 10.12692/ijb/13.3.1-9

SHAHZAD U. et al. 2019. Effects of Auxin and
Media Additives on the Clonal Propagation of Guava
Cuttings (Psidium guajava L.) Var. Chinese Gola.
Journal of Agricultural Science and Food Research.
10:265. Doi: 10.35259/2593-9173.19.10.265.

TAIZ, L.; ZEIGER, E. 2006. 2015. Plant physiology.
4th ed. Sunderland: Sinauer Associates. 705p.

WANG, L. J. et al. 2015 Composition of
phenoliccompounds and antioxidantactivity in the
leaves of blueberry cultivars. Journal of
FunctionalFoods. v.16, p.295-304.
https://doi.org/10.1016/}.jff.2015.04.027



