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Vaccinium bracteatum Thunb. is a vigorous plant that is easy to grow, can adapt to various acid soil 
species and has good resistance to drought. It has fewer pest problems than most other blueberry 
cultivars, offering an advantage rootstock for various blueberry cultivars to resist pest and disease. 
However, it is relatively difficult to propagate and the cuttings can be difficult to root. The present study 
is an investigation into the effects of the types and combination of plant growth regulators on the tissue 
culture system of V. bracteatum Thunb. When nodal explants were cultured on media without plant 
growth regulators (PGRs), the shoots did not produce new buds, while all media supplemented with 
PGRs significantly affected adventitious bud proliferation in woody plant medium (WPM). Upon addition 
of PGRs, adventitious buds occurred and significant differences were observed (P < 0.05). The shoot 
length and proliferation coefficient in WPM basal medium containing 0 mg L

-1
 KT, 2.0 mg L

-1 
BA, 2.0 mg 

L
-1

 ZT and 2.0 mg L
-1

 TDZ was much more than other concentrations. The shoot length and proliferation 
reached 9.64 and 7.66 cm. For rooting, significant variation was observed (P < 0.05) between different 
concentrations of IBA and NAA. In general, the effect of IBA was much better than NAA. The root length 
gradually increased with increasing concentration of IBA from 0 to 2.0 mg L

-1
 followed by a decrease 

from 2.0 to 4.0 mg L
-1

. The highest root length and number was 3.16 and 3.33 cm respectively when the 
concentration of IBA was 2.0 mg L

-1
. 
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INTRODUCTION 
 
The genus Vaccinium has a circumpolar distribution with 
species in North America, Europe and Asia. It can double 
as ornamentals while being grown as a food source. The 
genus contains several species of economic importance 
including blueberries (Vaccinium cyanococcus) which are 
native to North America, Changbai Mountain area and Da 
Xinan Mountain area in China. The natural conditions of 
south China are suitable for growing of blueberries, espe-
cially the highbush cultivars. Plants derived from tissue 
culture of blueberries grow more vigorously (Debnath, 
2009). However, the in vitro rooting percentage is very 
low (Xu et al., 2008). Several authors (Frett and Sma-
gula, 1983; Huang et al., 2004; Erig and Schuch, 2006; 
Ostrolucká et al., 2007; Zhao et al., 2008; Fira et al., 
2008;  Tetsumura  et  al.,  2008;  Sedlak  and  Paprstein,  
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2009; Litwinczud and Prokop, 2010) have reported tissue 
culture of blueberry cultivars. Most of them are focus in 
vitro micropropagation of highbush blueberries (Huang et 
al., 2004; Fira et al., 2008; Tetsumura et al., 2008; Sedlak 
and Paprstein, 2009; Litwinczud and Prokop, 2010). 
Huang et al. (2004) reported that the modified woody 
plant medium (WPM) basal media containing ZT were 
effective to induce shoots formation and propagation of 
Vaccinium Corymbosum L. and V. × Corymbosum. Fira et 
al. (2008) considered FeNaEDDHA (Sequestrene 138) 
providing far better results than FeNaEDTA for in vitro 
propagation of highbush blueberry cultivar blue crop. 
Tetsumura et al. (2008) demonstrated that WPM was not 
an ideal basal medium for the micropropagation of some 
highbush blueberries, because shoots grew better on 
MW, which is a mixture of equal parts of MS (Murashige 
and Skoog, 1962) and WPM.  

Vaccinium bracteatum Thunb. is member of the genus 
Vaccinium which belongs to Ericaceae. The bushes pro-
vide accent to the landscape during all four seasons of 
the year because it is usually evergreen, erect but some-
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Figure 1. Explant of this project (a) and mother plant (b). After 2 weeks of culture, the axillary buds sprouted.  
 
 
 

times prostrate shrubs varying in size from 1 to 4 meters 
tall with the characters of vigorous, good resistance to 
drought, easy to grow and adapt to various acid soil 
types. It has fewer pest problems than most other blue-
berry cultivars, offering an advantage rootstock for vari-
ous blueberry cultivars to resist pest and disease. In 
recent years, reports about V. bracteatum Thunb. was 
focused on physiology and biochemistry field (Yang et al., 
2008; Wang et al., 2006). Some authors (Zhou, 2007) 
reported a series of techniques for transplanting of its test 
tube shoot and the best transplanting survival rate rea-
ched 90%.  

The aim of the present research was to optimize the 
cultural conditions of V. bracteatum Thunb. explants, and 
to determine the influence of 6-benzyladenine (BA), kine-
tin (KT), zeatin (ZT), thidiazuron (TDZ) concentration on 
the micropropagated shoots proliferation and indole-3-
butyric acid (IBA) and α–naphthalene acetic acid (NAA) 
concentration on the rooting of micropropagated shoots.  
 
 
MATERIALS AND METHODS 
 
Plant materials  
 
In April to May, 2010, annual branches were collected from the 
donor plant (Figure 1a) of V. bracteatum Thunb. growing on the 
campus of Zhejiang A and F University, Zhejiang province, China. 
 
 
Disinfection of plant materials 
 
The nodal explants of annual branch, taken during their vegetative 
phase (September to December), were used as primary explants. 
The sample annual branches (ca. 2 to 3 cm) were washed with tap 
water, surface-disinfection in 70% ethanol for 30 s and rinsed 3 
times with sterile distilled water, then disinfected using 0.525% 
sodium hypochlorite for 15 min with three drops of Tween 20/500 
ml, shaken on a rotary shaker for 20 min and rinsed three times 
with sterile distilled water. Primary explants were cultured on WPM 
(Lloyd and McCown, 1980) that was free from growth regulators. A 
total of 200 primary explants were placed in test tubes (25 × 150 
mm, Sigma, St. Louis, MO) each containing 20 ml of medium. After 

three weeks of culture, the efficiency of each medium combination 
and biocide treatment was determined by recording the percentage 
of primary explant survival, contamination, and necrosis.  
 
 
Culture media and growth conditions 
 
The nodal explants of annual branch (ca. 0.5 to 1 cm) were 
inoculated in vitro in test tubes containing 20 ml medium. The WPM 
medium or half strength of WPM was supplemented with 3% 
sucrose and 0.65% agar type A (SIGMA). Plant growth regulators 
(PGRs) were added to the medium as specified below. The pH of 
medium was adjusted to 5.2 with 0.1 N NaOH prior to agar addition 
and autoclaving at 121°C for 15 min. Cultures were maintained at 
25 ± 1°C and 16 h photoperiod by cool white fluorescent lamps 
(Philips, China) at 40 μmol m

-2
s

-1
.  

 
 
Indexing for explant contamination 
 
After two weeks of culture in the establishment stage, the axillary 
buds sprouted (Figure 1b). Then, a month later, when the apical 
and axillary buds reached the length of 2.0 ~ 2.5 cm, the buds were 
taken from the shoots, then transferred to Leifert and Waites Test 
Sterility Medium (Leifert et al., 1989) and made solid with 0. 5% 
agar type A in order to identify invisible bacterial contamination. A 
test tube with only substrate (control) was made. The vial was 
observed to verify the presence of contamination.  
 
 
Proliferation of micropropagated shoots 
 
The established shoots with negative Leifert and Waites Test results 
were transplanted into treatments as follows: WPM supplemented 
with 0.01 mg L

-1
 IBA in each treatment as well as different concen-

tration of 6-BA at 0, 1.0, 2.0, 4.0, 8.0 mg L
-1

, KT at 0, 1.0, 2.0, 4.0, 
8.0 mg L

-1
, ZT at 0, 1.0, 2.0, 4.0, 8.0 mg L

-1
 and TDZ 0, 1.0, 2.0, 

4.0, 8.0 mg L
-1

 in orthogonal experimental design for micropropa-
gated shoots proliferation. 
 
 

Rooting of micropropagated shoots 
 
Each regenerated shoot was rooted in a test tube (one regenerated 
shoot per tube) containing 20 ml of 1/2 WPM supplemented with 
IBA at concentrations of 0, 1.0, 2.0, 4.0 mg L

-1
, NAA at concen-

trations of 0, 1.0, 2.0, 4.0 mg L
-1

 respectively for rooting (Table 2). 



 
 
 
 
Hardening of plants and transplanting 
 
In vitro micropropagated plantlets were transferred to an acclima-
tion chamber in culture. After one week, the plantlets were washed 
gently with tap water to remove traces of agar and nutrients. Plant-
lets were then transplanted into plastic pots containing a 1:1:1 
mixture of peat, perlite, and vermiculite. To retain moisture, the pots 
and plantlets were covered with a plastic bag; after 2 days, a single 
cut was made in each bag. After one week, the plastic bag was 
removed, and the plants were transferred into a greenhouse at 18 ± 
2°C, with a photon fluence of 100 μmol m

−2
 s

−1
 and a 16 h photo-

period. 
 
 

Statistical analysis  
 
An orthogonal experimental design was used in this experiment for 
studying the shoot proliferation. Also, a complete randomized 
design was used for rooting. Ten replicates were used for each 
treatment and experiments were repeated three times. Buds length 
and proliferation coefficient were recorded at six weeks culture. 
Rooting percentage, root length and root piece per bud was recor-
ded at eight weeks of culture. Visual observations were performed 
everyday. Data was analyzed by analysis of variance (ANOVA) 
using statistical package for the social sciences (SPSS) 16 and 
linear regression analyses were fitted using Sigma Plot 8.0. The 
means were compared using Duncan’s multiple range test (95% 
confidence level) and the standard errors of means were calculated. 
 
 

RESULTS 
 

Explants showed a low presence of contamination (15 ~ 
20%) in the three weeks of culture. Healthy buds that 
appeared free of contamination were transferred indivi-
dually to fresh culture at the first signs of bud break. How-
ever, these buds showed a high percentage of contami-
nation during the phase of proliferation and rooting, 
reaching 40 ~ 50% of contamination. Such behavior indi-
cated the presence of endophytic pathogens. V. bractea-
tum Thunb. showed a good adaptation to the different 
stages of in vitro culture and an excellent vigor as the 
following demonstrate. 
 
 

Indexing for explant contamination 
 

The nodal sections showed negative contamination. Test 
results were used in subsequent experiments and the 
phases of proliferation and rooting. Between 90 to 95% of 
the cultures were positive for contamination. 
 
 

Proliferation of micropropagated shoots 
 

When cultured on media without PGRs, the shoots did 
not produce new buds, while all media supplemented 
with PGRs significantly affected adventitious bud proli-
feration in WPM medium. The shoot length and prolifera-
tion coefficient when BA, KT, ZT and TDZ were applied is 
given in Figure 2. Upon addition of PGRs, adventitious 
buds occurred and significant differences were observed 
(P < 0.05). The shoot length and proliferation coefficient 
in WPM  basal  medium containing 0 mg·l

-1
 KT, 2.0 mg L

-1
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BA, 2.0 mg L

-1
 ZT and 2.0 mg L

-1
 TDZ was much more 

than other concentrations. The shoot length and prolifera-
tion was up to 9.64 cm and 7.66 (Figures 2 and 3a) while 
the shoot length and proliferation coefficient in WPM 
basal medium containing 1.0 mg L

-1
 KT, 1.0 mg L

-1 
BA, 

2.0 mg L
-1

 ZT and 4.0 mg L
-1

 TDZ was 7.5 and 1.33 
(Figure 3b). For KT, the shoot length gradually increased 
with increasing concentration of KT from 0 to 1.0 mg L

-1
. 

However, the proliferation coefficient was decreased with 
increasing concentration of KT from 0 to 4.0 mg L

-1
, with 

the highest shoot length of 4.74. The proliferation coeffi-
cient was decreased with increasing concentration of KT 
from 0 to 8.0 mg L

-1
. It is interesting that with the increa-

sing concentration of KT, the terminal bud of shoots wit-
hered gradually after 15 days of culture. The effects of ZT 
concentration on the length and proliferation coefficient of 
adventitious buds were significant when compared with 
the control. The shoot length and proliferation coefficient 
gradually increased with increasing concentration of ZT 
from 0 to 2.0 mg L

-1
 followed by a decrease from 2.0 to 

8.0 mg L
-1

, which indicated that appropriate concentration 
of ZT promoted adventitious shoot length and prolifera-
tion coefficient. But for BA and TDZ, there were no signifi-
cant differences between the concentrations of BA and 
TDZ on bud length. For BA, shoot proliferation coefficient 
gradually increased with increasing concentration of BA 
from 0 to 2.0 followed by a decrease from 2.0 to 8.0 mg 
L

-1
. The largest shoot proliferation coefficient was 3.4. For 

TDZ, shoot proliferation coefficient gradually increased 
with increasing concentration of ZT from 0 to 2.0 followed 
by a decrease from 2.0 to 8.0 mg L

-1
. The largest shoot 

proliferation coefficient was 2.6. With the increases in the 
concentration of BA and TDZ, callus was induced from 
the stem gradually and the new shoot was tender. Fur-
thermore, treatment 0 mg L

-1
 KT, 2.0 mg L

-1 
BA, 2.0 mg L

-

1
 ZT and 2.0 mg L

-1
 TDZ was found to be the optimum 

treatment for adventitious bud proliferation (Table 1). 
 
 

Rooting of micropropagated shoots 
 

The results and analysis of variance showed a statisti-
cally significant effect of auxin; the auxin concentration on 
root number, root length, and rate of rooted shoots. As 
shown in Table 2, appropriate concentration of IBA and 
NAA had a positive effect on root proliferation and pro-
motes root growth. Significant variation was observed (P 
< 0.05) between different concentrations of IBA and NAA. 
In general, the effect of IBA on root growth was much bet-
ter than that of the NAA. The root length gradually increa-
sed with increasing concentration of IBA from 0 to 2.0 mg 
L

-1
 followed by a decrease from 2.0 to 4.0 mg L

-1
. The 

highest root length and number was 3.16 cm and 3.33 
respectively when the concentration of IBA was 2.0 mg L

-

1
 (Figure 3c). For NAA, the same trend of the root length 

was found for IBA. As the concentration of NAA was 
increased, the root number and rooting length first 
increased and then decreased. When the concentration 
of NAA was 2.0 mg L

-1
, the root number was the highest,
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Figure 2. Effects of interaction among BA (Bn), KT (Kn), ZT (Zn) and TDZ (Tn) on shoot proliferation of V. bracteatum Thunb. 
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Figure 2. Effects of interaction among BA (Bn), KT (Kn), ZT (Zn) and TDZ (Tn) on shoot proliferation of V. 
bracteatum Thunb. Letters a, b, c and d denote significant different among different treatments and values 
followed by the same letter are not significantly different. Data are expressed as mean±SD. B0, B1, B2, B4, 
B8 respectively indicate 0, 1.0, 2.0, 4.0, 8.0 mg L

-1
 BA; K0, K1, K2, K4, K8 respectively indicate of 0, 1.0, 2.0, 

4.0, 8.0 mg L
-1

 KT; Z0, Z1, Z2, Z4, Z8 respectively indicate 0, 1.0, 2.0, 4.0, 8.0 mg L
-1

 ZT; T0, T1, T2, T4, T8 
respectively indicate 0, 1.0, 2.0, 4.0, 8.0 mg L

-1
 TDZ. 

 
 
 

reaching only 1.66, respectively. When 4.0 mg L
-1

 NAA 
was used, many calli were produced on the basal buds, 
and browning was produced. The regeneration plants 
were uniform, grew vigorously when transplanted into the 
plastic pots (Figure 3d), and showed no morphological 
abnormalities or variations compared to controls as 
shown in Figure 4.  
 
 
DISCUSSION 

 
The selection of PGRs and their proper combination is 
crucial to obtain a high percentage of axillary buds for-
mation. Axillary bud development is the most applied and 
reliable system for true-to type in vitro propagation, 
wherein an apical bud or nodal segment harbouring and 
axillary bud is cultured to proliferate multiple shoots addi-
tion, the development of a higher throughput transforma-

tion system depends on the availability of efficient and 
reliable tissue culture system for target tissue production 
and plant regeneration. Recent progress to improve V. 
bracteatum micropropagation system has been limited. 
Traditionally, softwood, semi-hardwood, and hardwood 
cuttings have been used to propagate V. bracteatum, but 
these kinds of propagation are slow and difficult to root 
(Sheat, 1948). In this study, an effectiveness of micropro-
pagation and plant regeneration from seedlings of V. 
bracteatum was observed and we found that the com-
bination of plant growth regulators have an important 
influence on plant tissue culture without any intervening 
callus phase (Debnath, 2007). In Previous studies on 
genus Vaccinium are often observed in micropropagation 
(Frett and Smagula, 1983; Huang et al., 2004; Erig and 
Schuch, 2006; Ostrolucká et al., 2007; Zhao et al., 2008; 
Fira et al., 2008; Tetsumura et al. ,2008; Sedlak and 
Paprstein, 2009; Litwinczud and Prokop, 2010). Most of 
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Figure 3. Micropropagation of V. bracteatum Thunb (in vitro) culture. a, proliferation 
stage (WPM basal medium containing 0 mg L

-1
 KT, 2.0 mg L

-1 
BA, 2.0 mg L

-1
 ZT and 

2.0 mg L
-1

 TDZ); b, proliferation stage (WPM basal medium containing 1.0 mg L
-1

 KT, 
1.0 mg·l

-1 
BA, 2.0 mg L

-1
 ZT and 4.0 mg L

-1
 TDZ); c, rooting stage; d, acclimatization 

stage. 
 
 
 

 
 

Figure 4. Hardened plants after 6 months transplanted into plastic pots. 
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Table 1. Effects of BA, KT, ZT and TDZ respectively in orthogonal experimental design on shoot length and 
shoot proliferation coefficient of V. bracteatum Thunb. 
 

Treatment (mg L
-1

) Shoot length (cm) Shoot proliferation coefficient 

BA 

0 4.33 ± 0.99
a
 1.53 ± 0.17

b
 

1.0 3.57± 0.71
a
 1.60 ± 0.19

b
 

2.0 3.31 ± 0.52
a
 3.40 ± 0.68

a
 

4.0 2.62 ± 0.56
a
 1.93 ± 0.27

b
 

8.0 3.03 ± 0.51
a
 1.80 ± 0.22

b
 

    

KT 

0 4.07 ± 0.84
ab

 2.93 ± 0.69
a
 

1.0 4.62 ±0.67
a
 1.93 ± 0.25

ab
 

2.0 3.85 ± 0.72
ab

 1.87 ± 0.19
ab

 

4.0 2.65 ± 0.46
b
 2.33 ± 0.33

ab
 

8.0 1.68 ± 0.41
c
 1.20 ± 0.11

b
 

    

ZT 

0 0.51 ± 0.08
c
 2.07 ± 0.36

b
 

1.0 6.19 ± 0.54
a
 1.87 ± 0.19

b
 

2.0 4.88 ± 0.57
b
 2.73 ± 0.71

a
 

4.0 3.91 ± 0.36
b
 1.87 ± 0.22

a
 

8.0 1.38 ± 0.27
c
 1.73 ± 0.25

a
 

    

TDZ 

0 3.23 ± 0.66
a
 1.467 ± 0.24

b
 

1.0 3.30 ± 0.63
a
 1.73 ± 0.18

b
 

2.0 3.36 ± 0.81
a
 2.67 ± 0.71

a
 

4.0 3.87 ± 0.84
a
 2.33 ± 0.33

ab
 

8.0 3.11 ± 0.47
a
 2.07 ± 0.21

ab
 

 

Letters a, b, c and d denote significant different among different treatments and values followed by the same letter are 
not significantly different. 

 
 
 

Table 2. Effects of IBA and NAA respectively on rooting of V. bracteatum Thunb. 
 

Treatment (mg L
-1

) Root length (cm) Root number (piece) 

IBA 0 0.00 ± 0.00
c
 0.00 ± 0.00

d
 

IBA 1.0 0.66 ± 0.33
bc

 0.67 ± 0.32
cd

 

IBA 2.0 3.15 ± 0.44
a
 3.33 ± 0.29

a
 

IBA 4.0 1.33 ± 0.32
b
 1.32 ± 0.28

bc
 

NAA 0 0.00 ± 0.00
c
 0.00 ± 0.00

d
 

NAA 1.0 0.18 ± 0.16
c
 0.32 ± 0.31

d
 

NAA 2.0 1.33 ± 0.30
b
 1.67 ± 0.29

b
 

NAA 4.0 0.67 ± 0.33
bc

 0.66 ± 0.30
cd

 
 

Letters a, b, c and d denote significant different among different treatments and values followed by the same letter 

are not sighificantly different. 
 
 
 

them focus on plant growth regulators and basal medium. 
The combination of plant growth regulators (2.0 mg L

-1 

BA, 2.0 mg L
-1

 ZT and 2.0 mg L
-1

 TDZ) gave the highest 
adventitious bud propagation for V. bracteatum. Wolfe et 
al. (1983) showed that WPM produced the best shoot 
growth of seven media tested for the micropropagation of 
the “Bluecrup” highbush blueberry. Hence, most resear-
chers have used WPM or modified WPM as a basal me-

dium for blueberry micropropagation while Tetsumura et 
al. (2008) determined a mixture of equal parts of MS 
(Murashige and Skoog, 1962) and WPM. In the present 
study, however, we micropropagated V. bracteatum, 
finding that WPM was an ideal basal medium (data not 
shown). The auxin (2.0 mg L

-1 
IBA) gave the largest 

length and number of adventitious root for V. bracteatum. 
This is in agreement with the previous studies on micro- 



 
 
 
 
propagation in lowbush blueberries cultivars (Zhao et al., 
2008). 

The aim of this study was to increase the number of 
units in the culture system until the desired number is 
obtained. In some cases, as in blueberry, organogenic 
propagation by axillary shoots is recommended in most 
cultivars (Erig and Schuch, 2006; Tetsumura et al., 2008), 
while in the case of coffee, orchid and soybean, the use 
of somatic embryogenesis is more suitable and efficient 
(Niemenak et al., 2008; Hong et al., 2010; Loganathan et 
al., 2010). To enhance the morphogenic responses from 
any explant cultivated in vitro, it is necessary to study and 
establish the effect of plant growth regulators like auxin 
and cytokinin interactions. Also, explant management and 
position onto the culture medium can also play a key role 
to improve the morphogenic response (Papafotiou and 
Martini, 2009). 

Through this study of tissue culture in V. bracteatum 
Thunb, methods for the induction of adventitious bud and 
root proliferation, and plant regeneration were establi-
shed. This efficient plant regeneration system would be 
helpful for graft improvement of blueberries through future 
biotechnology research. The potential of V. bracteatum 
Thunb as blueberries stock can be explored further in 
future research. 
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