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A B S T R A C T

In vitro shoot proliferation of Vaccinium corymbosum var. Biloxi was 
evaluated in culture media that varied in inorganic salts and pH levels. 
Stem segments 2 cm long that had only axillary buds, and other segments 
had apex and axillary buds, were established on culture media containing 
inorganic salts WPM50 % (Woody Plant Medium), MS50 % (Murashige 
and Skoog) and the combination MS50 %-WPM50 % at different pH levels 
(4.5, 5.0, and 5.5), and contained 25 g L-1 sucrose, 100 mg L-1 myo-inositol, 
0.4 mg L-1 thiamine-HCL, 2 mg L-1 2iP, 0.5 mg L-1 pyridoxine, 0.5 mg L-1 
nicotinic acid, 2 mg L-1 glycine, 5.7 g L-1 agar. The variables shoot length, 
number of leaves, and number of shoots were evaluated at 40, 80, and 120 
days of incubation. The experiment was set up in a completely randomized 
design, with a 3×3×2 factorial arrangement. Stem segments established 
in culture media with MS50 %-WPM50 % inorganic salts and pH levels 
4.5 or 5.0, developed axillary shoots that were larger (5.5 and 5.8 cm) and 
number of leaves (11.5 and 11.8).

K E Y  W O R D S :  Blueberry, micropropagation, MS inorganic salts, WPM 
inorganic salts.
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R E S U M E N

Se evaluó la proliferación in vitro de brotes de Vaccinium corymbosum var. Biloxi, en 
medios de cultivo que variaron en sales inorgánicas y niveles de pH. Segmentos de tallo de 2 
cm de longitud que solo tenían yemas axilares, y otros segmentos tenían ápice y yemas axilares, 
se establecieron en medios de cultivo con sales inorgánicas WPM50 % (Woody Plant Medium), 
MS50 % (Murashige y Skoog) y la combinación MS50 %-WPM50 % a diferentes niveles de pH 
(4.5, 5.0 y 5.5), y contenían 25 g L-1 de sacarosa, 100 mg L-1 de myo-inositol, 0.4 mg L-1 de 
tiamina-HCl, 2 mg L-1 2iP, 0.5 mg L-1 de piridoxina, 0.5 mg L-1 de ácido nicotínico, 2 mg L-1 de 
glicina, 5.7 g L-1 de agar. Se evaluaron las variables longitud de brote, número de hojas y número 
de brotes a los 40, 80 y 120 días de incubación. El experimento se estableció de acuerdo con 
un diseño completamente aleatorio, con arreglo factorial 3×3×2. Los segmentos de tallo que se 
establecieron en medios de cultivo con sales inorgánicas MS50 %-WPM50 % y con niveles de pH 
4.5 o 5.0, desarrollaron brotes axilares que fueron mayores en tamaño (5.5 y 5.8 cm) y número 
de hojas (11.5 y 11.8).

PA L A B R A S  C L AV E :  Arándano, micropropagación, sales inorgánicas MS, sales 
inorgánicas WPM.

Introduction

Blueberry (Vaccinium sp.) cultivation has gained importance worldwide due to its cultural, 
nutritional, and economic value (Hine-Gomez & Abdelnour-Esquivel, 2013; Chen et al., 2018; 
Wang et al., 2019; Georgieva & Kondakova, 2021). The main producing countries worldwide are 
the United States, Canada, Chile, Peru, and Spain (Zarate et al., 2017; USDA, 2021). Mexico 
ranks sixth in blueberry production, in an area of 11,400 ha, and during 2021, 66,482 t were 
produced. The states with the highest production are Jalisco, Michoacán, and Sinaloa (SIAP, 
2022). Although there are no production records in Oaxaca, there are regions with appropriate soil 
and climatic conditions for its cultivation. To ensure its productive success, it is necessary to have 
local producers of plant material to establish commercial orchards with plants that have genetic, 
morphological, physiological, and phytosanitary quality, such material is produced using the plant 
tissue culture technique that allows the production of a large number of genetically uniform and 
pathogen-free plants. Thus, it is essential to generate a massive plant propagation protocol from 
stock plants or ortets of successful varieties in Oaxaca. 
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The factors that influence the in vitro growth and development of an explant are: genotype, 
health, and physiological condition of the ortet plant, culture medium composition, and incubation 
environment (Greenway et al., 2012; Bhojwani & Dantu, 2013). Culture media are composed 
of water, carbohydrates, growth regulators, vitamins, and essential mineral nutrients specific to 
each plant species and propagation stage (George & Klerk, 2008; Greenway et al., 2012). The 
availability of essential elements is critical and is determined by the pH and osmotic potential of the 
growing medium resulting from the source, concentration, and total ionic strength of the growing 
medium (Bonga & Durzan, 1987; Morard & Henry, 1998; Molinos-da Silva et al., 2004). Woody 
Plant Medium, WPM (Lloyd & McCown, 1980; Wolfe et al., 1983) has a low ion concentration  
(42.39 mM L-1) and is one of the most commonly used formulations for in vitro blueberry propagation. 
The MS culture medium (Murashige & Skoog, 1962) whose ion concentration is 94.25 mM L-1, was 
designed for tobacco (Nicotiana tabacum L) tissue cultures, and is frequently used because it has 
proven to be efficient for cell multiplication, morphogenesis, and multiplication of propagules of 
different species (George et al., 2008; Martínez-Villegas et al., 2015), Agave angustifolia Haw, A. 
potatorum Zucc, A. fourcroydes Lem, A. tequilana Weber, A. grijalvensis B. Ullrich, A. americana 
var. oaxacensis Gentry (Enriquez-del Valle et al., 2018), Hylocereus monacanthus (Lem) Britton & 
Rose (Montiel-Frausto et al., 2016), Laelia halbingeriana Salazar & Soto Arenas (Garcia-Gonzalez 
et al., 2020). Blueberry is considered a calcifuge plant, since the optimum level of in vitro growth 
of blueberry shoots ranges with pH from 4.5 to 5.5 (Retamales & Hancock, 2012), while for in 
vitro culture of other species such as: Beaucarnea inermis (S. Watson) Rose the pH of the culture 
medium is 5.7 (Guillén et al., 2015), and for Persea americana Mill (Ibarra-López et al., 2016), 
Agave potatorum Zucc (Enríquez-del Valle et al., 2016), Echinocactus platyacanthus Link & Otto 
(López-Escamilla et al., 2016), Myrmecophila grandiflora Walter Hood Fitch (Chavez-Cruz et al., 
2022), Malus domestica Borkh (Cabral-Miramontes et al., 2022), culture media with pH 5.7 to 
6.0 are used. Therefore, the present study aimed to evaluate the in vitro growth of axillary buds 
of Vaccinium corymbosum var. Biloxi, established in culture media that varied in the formulation 
of inorganic salts MS50 %, WPM50 %, and the combination MS50 %-WPM50 %, with three pH 
values (4.5, 5.0, and 5.5).

Material and Methods

Plant material 

The present study was conducted during 2022-2023 in the Plant Tissue Culture Laboratory 
of the Instituto Tecnológico del Valle de Oaxaca, located in Santa Cruz Xoxocotlán, Oaxaca, 
Mexico. Micropropagated blueberry Vaccinium corymbosum, var. Biloxi plants were purchased 
from BIOTEC MARPA SPR DE RL DE CV®, at Ziracuaretiro municipality, Michoacán. The plants 
were established in black polyethylene pots of 30.8 dm3, in a substrate that was a mixture of peat 
35 %, coconut fiber 35 %, and perlite 30 %; they were kept under shade with 35 % mesh, where 
they received irrigation with a manual watering can and fertigation once a week with Steiner’s 
universal solution (1984).
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Establishment of aseptic cultures

For the establishment of in vitro cultures, culture medium was prepared with a mixture of 
mineral salts MS (Murashige & Skoog, 1962) and WPM (Lloyd & McCown, 1980) each at 50 % 
(Table 1) (Bonga & Durzan, 1987), supplemented with 25 g L-1 sucrose, 1.5 mg L-1 of 2iP, 100 mg 
L-1 of myo-inositol, pyridoxine 0.5 mg L-1, nicotinic acid 0.5 mg L-1, glycine 2 mg L-1. The pH of the 
medium was adjusted to 5, with HCl or NaOH 1 N, before adding 5.7 g L-1 of agar. The agar was 
dissolved and 20 mL was distributed into each 145 cm3 glass bottle, then each bottle was closed 
with a polypropylene lid. The flasks with culture medium were autoclaved at 1.2 kg cm-2 pressure 
at 120 °C for 17 min.

For the establishment of aseptic in vitro cultures, from de plants in the nursery, vigorous 
and healthy branches were selected which were cut 10 cm long, with apex and axillary buds; 
these were placed in polyethylene bags for transport to the laboratory, where they were cut into 
segments of 5 cm in length, placed in a glass container of 9 cm in height and 7 cm in diameter, 
to be subjected to surface disinfection consisting of washing in water with 0.5 % w/v detergent, 
and rinsed with potable water; then they were immersed for 15 min in a 0.3 % solution of sodium 
hypochlorite, followed by three rinses with sterilized water. This last step was carried out in a 
horizontal laminar flow filtered air hood. Stem segments with axillary buds were placed in sterilized 
10×100 mm glass Petri dishes and cut into 3 cm stem segments with one or two axillary buds, 
and two explants (stem segments) were established per 145 cm3 culture flask containing 20 mL 
of culture medium. The explants were incubated for 60 days in a temperature range of 15-28 °C, 
and LED illumination 35 µmol m-2 s-1, in 16/8 h light/dark photoperiods. 

Table 1. Mineral composition of three nutrient 
solutions used in in vitro blueberry culture.

Ion

MS
50 %

WPM
50 %

MS-WPM
50 % Ion

MS
50 %

WPM
50 %

MS-WPM 50 % 

Ions mE L-1 Ions mE L-1

NH4
+ 10.3 2.4 12.7 MoO4

= 0.51 0.51 1.03

NO3
⁻ 19.7 4.8 24.5 Fe EDTA≡ 0.05 0.05 0.11

PO4
≡ 0.6 0.6 1.2 Cl- 3 0.65 3.65

SO4
= 0.8 3.7 4.6 Na++ 0.11 0.11 0.22

K+ 10.0 6.3 16.3 BO3
= 0.05 0.05 0.1

Ca++ 1.4 1.5 2.9 Mn++ 0.06 0.06 0.13

Mg++ 0.7 0.7 1.5 Cu++ 0.05 0.05 0.1

Zn++ 0.01 0.01 0.02

Co++ 0.05 --- 0.05
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I- 2.5 --- 2.5

Ni++ --- --- ---

Total N 30.005 7.29 37.295

Total 47.125 21.195 68.32
Source: Bonga and Durzan, 1987.

Experimental phase 

Aseptic in vitro cultures of shoots developed from axillary buds were used to set up the 
experiment. Nine variants of culture media (CM) were prepared containing: 1) 25 g L-1 sucrose, 
100 mg L-1 myo-inositol, 0.4 mg L-1 thiamine-HCL, 2 mg L-1 2iP, 0.5 mg L-1 pyridoxine, 0.5 mg 
L-1 nicotinic acid, 2 mg L-1 glycine. 2) Some mineral salts formulation, either MS50 % or the 
WPM50 % formulation, or the MS50 %-WPM50 % mineral salt combination. The total volume 
of each mineral salt variant was divided into three to adjust to different pH levels (4.5, 5.0, and 
5.5), and 5.7 g L-1 of agar was added, which was dissolved with heat and agitation, and 20 mL of 
culture medium was distributed to each 145 cm glass bottle, polypropylene lid was placed and 
autoclaved for 17 min at 120 °C and 1.2 kg cm-2 pressure. Under aseptic conditions provided 
by the horizontal laminar flow filtered air hood, with the use of sterilized dissecting forceps and 
scalpel, the shoots were removed from the establishment of aseptic cultures vessel and placed 
in 10x100 mm, sterilized glass Petri dishes. Each shoot was cut into 2 cm segments. Some stem 
segments had only axillary buds, while other segments had the apex and axillary buds. Two 
stem segments were established in each flask with any of nine variants of culture medium to 
promote shoot development. One of the segments had only axillary buds and the other segment 
with the apex and axillary buds. The stem segments in an upright position and with the lower 
third inserted into the gelled culture medium. After establishing the stem segments in the culture 
medium, the lid was replaced and sealed with adherent polyethylene, and then incubated for 
90 days, under conditions of 15-28 °C, and LED illumination 35 µmol m-2 s-1, in 16/8 h light/dark 
photoperiods. 

Data management and analysis

The experiment was established according to a completely randomized design, with a 
3×3×2 factorial arrangement, three levels of the factor mineral salts (MS50 %, WPM50 %, and the 
combination MS50 %-WPM50 %), three levels of the factor pH (4.5, 5.0, and 5.5) and two levels 

Ion

MS
50 %

WPM
50 %

MS-WPM
50 % Ion

MS
50 %

WPM
50 %

MS-WPM 50 % 

Ions mE L-1 Ions mE L-1

Continuation
Table 1. Mineral composition of three nutrient 
solutions used in in vitro blueberry culture.
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of the factor type of stem segment (axillary or apical), consequently, there were 18 treatments. The 
experimental unit was a stem segment, and there were eight replicates per treatment.

Variables evaluated

Forty days after the establishment of the experiment, the first measurement was done, and 
later at 80 and 120 days, in the period November 2022 to January 2023, in which the following 
were quantified: height of the largest shoot (cm), obtained with a graduated ruler; number of leaves 
and number of shoots. The data were checked for assumptions of normality and homogeneity of 
variances of errors using Shapiro Wilks and Bartlett’s tests (α ≤0.05), variables that did not meet 
these assumptions were transformed to (x+1)0.5. Morphological and growth variable data were 
subjected to analysis of variance and comparison of means (Duncan, 0.05). The statistical analysis 
routines were performed with the SAS Statistical Analysis System software (SAS Institute, 2014).

Results and Discussion

In the aseptic culture establishment stage, 40 % of the stem segments that were established 
were aseptic and viable, which developed axillary shoots that were used for the propagule 
multiplication stage (Figure 1). 

ANOVA showed that the inorganic salts types in the culture medium (CM), had highly 
significant effects (p ≤ 0.01) on shoot length at 40, 80, and 120 days of incubation; significant 
effects (p ≤ 0.05) on shoot number at 40 days; and showed high significance (p ≤ 0.01) at 80 days. 
Stem segment type factor levels had highly significant (p ≤ 0.01) effects on shoot number at 40, 
80, and 120 days. The CM × pH interaction showed highly significant effects on leaf number at 40 
days, and significant effects (p ≤ 0.05) on shoot length at all three dates, leaf number at 80 days, 
and shoot number at 40 and 80 days (Table 2).
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Figure 1. In vitro propagation process of blueberry plants. 

a) Orthotic plant, b) apical and axillary stem segments, c) in vitro  stem segment 
with new axillary shoots, d) axillary shoots obtained in vitro placed in Petri dish to 
be cut into segments with axillary buds, and establish them in culture medium for 

propagule multiplication.

Stem segments with axillary buds and segments with apex and axillary buds were 2 cm 
in size when established on culture media with the mineral salts WPM50 %, MS50 %, or MS50 
%-WPM50 %, and over 120 days developed shoots that had different sizes, leaves number and 
shoots number. At 120 days of incubation the stem segments that were established in culture 
medium with the mineral salts MS50 %-WP50 % with pH 4.5 or 5.0 developed on average 1.4 and 
1.3 shoots, 5.5 and 5.8 cm in height, with 11.5 and 11.8 leaves, respectively; values significantly 
greater (Duncan, 0.05) than the 0.8 new shoots, 1.6 cm tall and with 7.8 leaves that developed 
from stem segments that were established on culture media with WPM50 % inorganic salts at pH 
5.5. For blueberry shoot growth, the type of inorganic salts and pH level were important conditions 
for shoot development. The best condition for shoot development was the MS50 %-WPM50 % 
inorganic salt mixture and pH values in the range of 4.5 to 5.
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Table 2. Summary of nine analyzes of variance of in vitro shoot 
development of Vaccinium corymbosum var. Biloxi from axillary or 
apical stem segments established in culture media that varied in type 

of mineral salts and pH.

Variables DF
Mean squares

CM pH SS CM×pH CM×SS pH×SS CM×pH×SS Error
TSL40 17 1.91** 1.01* 0.44ns 0.66* 0.14ns 0.19ns 0.08ns 0.26
TSL80 17 2.58** 1.22ns 0.56ns 1.05* 0.19ns 0.13ns 0.10ns 0.43
TSL120 17 4.10** 1.10ns 0.29ns 1.65* 0.40ns 1.11ns 0.62ns 0.58
TNL40 17 0.33ns 1.14ns 2.89* 2.13** 0.34ns 0.41ns 0.70ns 0.64
TNL80 17 1.08ns 2.28ns 1.33ns 3.09* 0.40ns 0.62ns 0.90ns 1.15
TNL120 17 1.72ns 2.03ns 0.41ns 1.89ns 0.93ns 2.84ns 1.20ns 1.53
TSN40 17 0.70* 0.49ns 25.92** 0.51* 0.47ns 0.04ns 0.20ns 0.17
TSN80 17 1.21** 0.25ns 16.26** 0.62* 0.81* 0.02ns 0.25ns 0.21
TSN120 17 0.21ns 0.52ns 9.16** 0.24ns 0.59ns 0.18ns 0.31ns 0.31

DF= degrees of freedom; CM= growing medium; pH= hydrogen potential; SS= stem segment; CMxpH, CMxSS, 
pHxSS, CMxpHxSS= interactions; TSL= shoot length at 40, 80, and 120 days (transformed data); TNL= 
number of leaves at 40, 80, and 120 days (transformed data); TSN= shoots number at 40, 80, and 120 days 
(transformed data). ns= not significant F value (p > 0.05); *= significant F value (p ≤ 0.05); **= highly significant 

F value (p ≤ 0.01).

Stem segments with the apex maintained their apical dominance since few of these 
segments sprouted axillary buds, so the main shoot continued to grow and only developed an 
average of 0.5 axillary shoots, while in stem segments with only axillary buds, 1 to 2 buds sprouted, 
with an average of 1.2 new shoots. The type of stem segment, apical or axillary, did not determine 
the level of shoot growth under the various mineral salt and pH conditions.

When the data were sorted according to the type of explant that was established, those 
stem segments that initially had axillary buds and those stem segments that had the apex, when 
40 days of incubation had elapsed, showed respectively 1.3 and 0.3 new shoots, with 7.5 and 6.1 
leaves, which in each case were significantly (Duncan, 0.05) different. Shoots were 2.5 and 2.2 cm in 
height, not statistically (Duncan, 0.05) different. After 120 days, the shoots that developed from these 
explants were 3.2 and 3.4 cm tall with 9.1 and 9.3 leaves. When the data were sorted according to 
the inorganic salts used in the growing medium, at 120 days of incubation, the shoots obtained from 
stem segments established on the culture medium with the MS50 %-WPM 50 % mixture had on 
average 1.1 shoots, with the largest shoot being 4.7 cm long, and 10.2 total leaves (Table 3).

In apical and axillary stem segments that were established on culture media with the 
combination of inorganic salts MS50 %-WPM50 % at pH 5.0, 4.5 new shoots were formed and 
these were 3.6 and 3.8 cm at 40 days, as well as 8 and 6.4 cm at 120 days, values that are 4.3 
and 3.5 times the heights of axillary shoots that developed in apical stem segments that were on 
culture medium WPM50 % with pH 5.5.
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Table 3. Characteristics of Vaccinium corymbosum var. Biloxi shoots 
grown in vitro at 40, 80, and 120 days of incubation, as a function of 

factor levels.

Factor SS

Variable Axillary Apical DCR

SL40 (cm) 2.5±0.2a 2.2±0.2a 0.41

SL80 (cm) 3.2±0.2a 2.8±0.2a 0.59

SL120 (cm) 3.2±0.3a 3.4±0.4a 0.81

NL40 7.5±0.4a 6.1±0.4b 1.08

NL80 9.2±0.5a 8.2±0.6a 1.57

NL120 9.1±0.7a 9.3±0.7a 2.08

SN40 1.3±0.1a 0.3±0.1b 0.24

SN80 1.3±0.1a 0.4±0.1b 0.27

SN120 1.3±0.1a 0.6±0.1b 0.34

Factor CM

Variable WPM MS MS-WPM DCR

SL40 (cm) 1.7±0.1c 2.4±0.2b 3.0±0.2a 0.53

SL80 (cm) 2.1±0.2b 3.2±0.3a 3.7±0.3a 0.76

SL120 (cm) 2.1±0.2c 3.3±0.4b 4.7±0.5a 1.05

NL40 6.4±0.5a 7.0±0.5a 7.1±0.5a 1.39

NL80 7.8±0.8a 9.1±0.7a 9.3±0.7a 2.03

NL120 8.6±0.8a 8.9±1.0a 10.2±0.8a 2.68

SN40 0.6±0.1b 0.9±0.1a 1.0±0.2a 0.31

SN80 0.5±0.1b 1.0±0.2a 1.0±0.2a 0.35

SN120 0.8±0.1a 0.8±0.2a 1.1±0.2a 0.43
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pH

Variable 5.5 5.0 4.5 DCR

SL40 (cm) 2±0.2b 2.5±0.2ab 2.7±0.2a 0.53

SL80 (cm) 2.59±0.3a 3.2±0.3a 3.3±0.3a 0.76

SL120 (cm) 2.90±0.4a 3.7±0.5a 3.4±0.4a 1.05

NL40 6.37±0.6a 6.7±0.4a 7.4±0.5a 1.39

NL80 7.85±0.8a 9.0±0.6a 9.3±0.7a 2.03

NL120 8.5±1.0a 10.0±0.8a 9.1±0.8a 2.68

SN40 0.7±0.1b 0.8±0.1b 1.1±0.2a 0.31

SN80 0.7±0.1b 0.9±0.1ab 1.0±0.2a 0.35

SN120 0.7±0.1b 0.9±0.2ab 1.1±0.2a 0.43
|

SS= stem segment; CM= culture medium; pH= pH level; WPM= Woody Plant Medium (Lloyd and McCown, 
1980); MS= Murashige and Skoog (Murashige and Skoog, 1962); MS-WPM= of inorganic salts MS50 % and 
WPM50 %; SL= shoot length at 40, 80 and 120 days; NL= number of leaves at 40, 80, and 120 days; SN= shoot 
number at 40, 80, and 120 days; DCR= Duncan’s critical range. Means with the same letter in the rows and 

factor levels are not significantly different (Duncan, P ≤ 0.05); mean ± standard error.

At 120 days of incubation, the axillary shoots that developed in the culture media MS50%-
WPM50% pH 5.0 and MS50%-WPM50% with pH 4.5 had an average of 6.3 and 9.3 leaves at 40 
and 120 days of incubation, as well as as 12.6 and 10.5 leaves, respectively, amounts that were 
2.2 and 2.0 times the number of leaves that had apical shoots that developed in culture media 
with inorganic salts WPM50% with pH 5.5.

After 120 days of incubation, from the stem segments with only axillary buds established in 
culture media with the combination of inorganic salts MS50%-WPM50% at pH 4.5, they developed 
an average of 2.2 shoots, an amount that was significantly greater than the 0.1 new shoots that 
developed from the apical segments established in culture media with WPM50% inorganic salts 
with pH 5.5 (Table 4).

Obtained data suggest that it is possible the in vitro clonal propagation of blueberry 
Vaccinium corymbosum var. Biloxi, from stem segments obtained from stock plants in nursery 
conditions. The growth of the shoots in height and their number of leaves is important, since at 

Continuation

Table 3. Characteristics of Vaccinium corymbosum var. Biloxi shoots 
grown in vitro at 40, 80, and 120 days of incubation, as a function of 

factor levels.



Santiago-Pablo et al., 2025. 

11Revista Bio Ciencias 12, e1669.                

ISSN 2007-3380

the base of each leaf there is an axillary bud, and for propagation purposes, it is possible to obtain 
new shoots that determine an increment factor in each cycle of multiplication of propagules in 
vitro. Hence, it is estimated that, once the first stage of establishment of aseptic cultures has been 
overcome, in each replicating cycle, which is carried out in periods every two months, cutting the 
plant material in segments of 2 cm in length containing 3 leaves and axillary buds on average, 
in a year, five cycles of propagule multiplication could be obtained. After a year, there would be  
283 plants derived from each segment of the initial stem.

Tetsumura et al. (2008) evaluated four blueberry genotypes in WPM, MS, and MS-WPM 
combination media, the results were similar to those obtained in the present study, as it was 
determined that the MS50 %-WPM50% combination was the best condition for shoot growth at the 
propagule multiplication stage. Likewise, Li et al., (2021) compared WPM, DKW, and LP culture 
media, obtaining the best shoot proliferation of V. arboreum. Fan et al. (2017) compared MS, WPM 
and Anderson media in the in vitro multiplication and rooting stage, the Anderson culture medium 
showed greater efficiency in sprout induction, this result coincides with Ruzić et al. (2012), and is 
related to the mineral composition of the medium and its total ionic concentration (86.48 mEq L-1) 
(Bonga & Durzan, 1987).

Table 4. Characteristics of blueberry shoots that developed in culture 
medium with different inorganic salts and pH.

TREATMENTS VARIABLE

SS/iS/pH SL40 SL120 NL40 NL120 SN40 SN120

AP/MS-WPM/5.0 3.6±1.4ab 7.8±2.7a 7.8±2.0a 13.7±1.8a 0.6±0.9bcd 0.8±1.1ab

AX/MS-WPM/4.5 3.8±1.3a 6.4±1.2ab 9.3±2.7a 12.6±2.9a 2.2±1.1a 2.1±0.9a

AP/MS-WPM/4.5 3.5±0.7ab 4.6±1.6abc 8.1±2.7a 10.3±3.4a 0.3±0.7bcd 0.6±0.8ab

AX/MS/5.5 2.6±1.4ab 4.6±2.4abc 7.6±2.9a 11.3±6.2a 1.2±0.4abcd 1.0±0.6ab

AX/MS-WPM/5.0 2.9±1.3ab 4.4±2.9abc 6.3±2.5a 10.5±4.5a 1.6±1.0ab 1.6±1.2ab

AP/MS/5.0 1.8±1.2ab 3.9±2.5abc 4.0±2.1a 9.6±5.4a 0.1±0.3cd 0.6±0.8ab

AP/MS/5.5 1.8±1.4ab 3.7±3.3abc 6.8±3.5a 9.0±7.9a 0.3±0.5bcd 0.3±0.5ab

AP/MS-WPM/5.5 1.7±1.5ab 3.2±3.1abc 4.0±3.1a 7.1±4.9a 0.1±0.3cd 0.1±0.4b

AP/MS/4.5 2.5±1.1ab 3.0±1.3abc 6.3±3.2a 10.0±5.4a 1.3±1.8abc 1.0±1.5ab

AP/WPM/5.0 1.7±0.8ab 2.7±1.1bc 7.2±3.1a 11.1±4.6a 0±0d 0.1±0.4b

AX/WPM/4.5 1.7±1.0ab 2.5±1.4bc 5.7±3.3a 7.8±4.3a 1.0±0.5abcd 0.8±0.4ab

AX/MS-WPM/5.5 2.4±1.6ab 2.4±2.0bc 6.7±4.3a 7.8±6.5a 1.1±0.6abcd 1.0±0.8ab

AX/MS/5.0 2.9±1.5ab 2.3±2.3bc 7.8±3.4a 7.5±6.5a 0.8±0.3bcd 0.6±0.5ab
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AX/WPM/5.0 1.6±1.1ab 2.0±1.5bc 6.8±3.2a 8.6±4.3a 1.2±0.4abcd 1.5±0.5ab

AX/MS/4.5 2.7±0.9ab 1.9±2.3bc 9.3±3.0a 5.6±6.8a 1.5±0.7ab 1.1±1.1ab

AX/WPM/5.5 1.8±0.8ab 1.9±0.9c 7.6±2.8a 9.5±3.9a 1.2±0.4abcd 1.3±0.5ab

AP/WPM/4.5 1.5±0.9b 1.8±1.4c 5.2±3.0a 8.0±4.6a 0.1±0.3cd 1.0±1.5ab

AP/WPM/5.5 1.5±1.2b 1.3±1.5c 5.3±5.6a 6.1±7.2a 0±0d 0.1±0.4b

DCR 1.23-1.52 2.45-3.01 3.24-3.99 6.27-7.70 0.73-0.90 1.02-1.25

SL= shoot length (cm) at 40 and 120 days; NL= number of leaves at 40 and 120 days; SN= shoot number 
at 40 and 120 days. Trat= treatment; SS= stem segment; AP= apical, AX= axillary; iS= inorganic salts; MS= 
Murashige and Skoog; WPM= woody plant medium; pH (4.5, 5.0, and 5.5). DCR= Duncan’s critical range. In 

each column, means with the same letter are not significantly different (Duncan, 0.05).

Meanwhile, Wang et al. (2019) reported that olive culture medium (OM) supplemented with 
2.0 mg L-1 of Zeatin (ZT); 2.0 mg L-1 of naphthaleneacetic acid (NAA), and 0.05 mg L-1 of kinetin, 
(KT) increased the in vitro shoot proliferation coefficient of highbush blueberry in 60 days.

In the in vitro blueberry culture, there are references for the use of various formulations of 
mineral salts (WPM; MS; W-M; B5; MO; White; Anderson; Driver; DKW, and LP) for propagation 
purposes (Debnath, 2007; Tetsumura et al., 2008; Ruzić et al., 2012; Chen et al., 2018; Wang 
et al., 2019; Li et al., 2021), however in this study, shoot growth was obtained, this happened in 
the culture media with the MS50 %-WPM50 % mixture, due to the higher amount of macro and 
micronutrient minerals, the total ions is 68.32 mEq L-1, amount that is 1.45 times than MS50 % 
(47.125 mEq L-1) and 3.22 times than WPM50 % (21.195 mEq L-1). Another difference between 
the media used was that the WPM formulation does not contain I- and Co++ ions and both the 
MS and WPM formulation do not present Ni++ ions; Ramage & Williams (2002), suggesting that 
mineral nutrients constitute an important component of culture media, but are often overlooked as 
morphogenic elicitors.

In vitro sprouts of V. corymbosum proliferated at pH levels of 4.5-5.0, a value similar to 
that obtained by Li et al. (2021) for Vaccinium arboreum. While for the in vitro culture of blueberry 
sprouts (V. corymbosum and V. virgatum) varieties ‘Berkeley’, ‘Bluecrop’, ‘Earliblue, and O’Neal’, 
it is mentioned that pH has a notable effect on proliferation of shoots, since the greatest propagule 

Continuation
Table 4. Characteristics of blueberry shoots that developed in culture 

medium with different inorganic salts and pH.

TREATMENTS VARIABLE

SS/iS/pH SL40 SL120 NL40 NL120 SN40 SN120
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multiplication response was obtained in culture medium with pH 5.0 (Ostrolucká et al., 2004a), Li 
et al. (2021) point out that when the pH of the medium was increased, the proliferation of shoots 
decreased, and the leaves changed color, from green to reddish yellowish, due to lower availability 
of nutrients. The pH value is specific to each genotype (Ostrolucká et al., 2010b).

Conclusions

From stem segments with axillary buds obtained from blueberry plants in the nursery, it was 
possible to establish 40 % success in vitro aseptic cultures, in which axillary shoots developed. 
The culture medium with inorganic salts MS50 %-WPM50 % and pH level 4.5-5.0 provided the 
best conditions for the growth of blueberry shoots at the propagule multiplication stage.
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