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ABSTRACT 
 

In the present study, the effects of two CaCl2.2H2O levels (440 and 1320 mg L-1) and two subcultures were evaluated 
on in vitro shoots of Lavandula angustifolia cv. Provence Blue. Ca2+ content of the apical, middle and basal portion 
of shoots was determined. Increasing CaCl2.2H2O level in the culture medium increased tissue Ca2+ content and 
decreased hyperhydricity. Shoot-tip necrosis also decreased with 1320 mg L-1 CaCl2.2H2O, but it did not occur in 
the second subculture. The middle and basal portion had higher Ca2+ content than apical portion. In non-
hyperhydric tissues, there were smaller and more juxtaposed cells. Scanning electron microscopy of the leaves 
demonstrated that trichomes from in vitro leaf surface occurred in smaller quantities. 
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INTRODUCTION 
 
Lavandula angustifolia Mill. (syn. L. officinalis 
Chaix; L. vera DC.) is a plant belonging to the 
Lamiaceae family. Essential oil obtained from the 
flowers of L. angustifolia is composed mainly of 
linalyl acetate, linalool, lavandulol, 1,8-cineole, 
lavandulyl acetate and camphor (Lis-Balchin and 
Hart 1999). Lavender is one of the most useful 
medicinal plants and has found wide application in 
perfumes and cosmetics. L. angustifolia may be 
propagated sexually or asexually. Reproduction 
via seeds is usually slow and the plants display a 
great variation in a number of characteristics such 
as growth rate and essential oil composition. 
Therefore, vegetative propagation is the most 

effective to produce a large number of uniform 
individuals displaying a genotype of interest.  
Tissue culture techniques have been applied to 
Lavandula plants (Quazi 1980; Calvo and Segura 
1989; Jordan et al. 1990; Gras and Calvo 1996; 
Andrade et al. 1999; Echeverrigaray et al. 2005; 
Zuzarte et al. 2010; Machado et al. 2011; Silva et 
al. 2013). However, the performance and survival 
of in vitro cultures of many plant species are often 
hampered by the phenomenon of hyperhydricity 
(Debergh et al. 1992), including lavender species. 
Hyperhydricity can lead to irreversible loss of 
regenerative ability of the tissue (Gaspar et al. 
2000) and other detrimental changes, and 
ultimately death. These losses, together with the 
poor survival rate of hyperhydric shoot when 
transferred to ex vitro conditions, limit the 
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potential of in vitro techniques for mass 
propagation. In general, the leaves of hyperhydric 
shoots are thicker, elongated, wrinkled and/or 
curled, and can be brittle when compared to 
normal leaves. Anatomical characteristics change 
in hyperhydric shoots and several types of 
abnormal structures can be recognized (Ziv 1991). 
Several factors can induce the hyperhydricity in 
explants, such as high BAP levels (Oliveira et al. 
2010), cultivar (Carvalho et al. 2013), and agar 
concentration (Abdoli et al. 2007) but the most 
common cause of the hyperhydricity occurrence is 
the culture in liquid medium (Scheidt et al. 2011; 
Silva et al. 2012). Some species are so sensitive to 
this physiological change that even when 
cultivated in solid medium with a low BAP level, 
hyperhydricity occurs, as it is the case for L. 
angustifolia. In this context, one of the strategies 
to overcome this problem is the modification of 
the composition of the culture medium. 
Ca2+ concentration in the culture medium has been 
associated with the shoot-tip necrosis, which 
decreases when the calcium content increases in 
the medium for in vitro culture of Castanea 
mollissima, C. dentata and C. sativa (Qiguang et 
al. 1985; Piagnani et al. 1996). Calcium is an 
integral component in the cell wall and plays an 
important role in maintaining membrane integrity 
(Marschner 1995; Machado et al. 2010). This 
study investigated the relationship between tissue 
Ca2+ content in the reduction of hyperhydricity and 
shoot-tip necrosis. The leaf anatomy in non-
hyperhydric and hyperhydric common lavender 
was investigated to identify the structural 
alterations related with this phenomenon. 
 
 
MATERIALS AND METHODS 
 
Plant material and source of explants 
Shoot-tips (approximately 5 mm) from L. 
angustifolia Mill. cv. Provence Blue were surface 
sterilized by immersion in 70% ethanol for 20 
seconds, followed by immersion in 1% sodium 
hypochlorite containing two drops of Tween-20® 

per 100 mL for 20 min under manual agitation, 
followed by three rinses in distilled and autoclaved 
water. Explants were incubated on MS medium 
(Murashige and Skoog 1962) containing 3% 
sucrose, 0.6% agar (Vetec®) and the pH was 
adjusted to 5.8. After five weeks, the explants 
presented greening shoots. The shoot 
multiplication was carried out on MS medium 

containing 3% sucrose, 0.6% agar (Vetec®) and 
supplemented with 1.0 µM 6-benzylaminopurine 
(BAP) at each 40 days (subcultures). The culture 
flasks (60 x 90 mm and 200 mL volume) were 
used as culture vessels and were sealed by 
polypropylene autoclavable lids. Each culture 
flask contained 20 mL culture medium. Voucher 
specimens (adult plant) have been deposited at the 
Herbarium of Federal University of Paraná 
(UFPR) under code numbers UPCB 61303.  
 
Ca2+ treatments 
Shoots (2.0 cm length) from in vitro multiplication 
(methodology described above) were used as 
explants. The basal medium was MS containing 
3% sucrose and solidified with 0.6% agar 
(Vetec®). The treatments consisted of two calcium 
levels: 440 (MS standard concentration) and 1320 
mg L-1 CaCl2.2H2O (Machado et al. 2010).  The 
results of two subcultures, carried out every 40 d, 
were compared. The shoot length (cm), number of 
leaves, shoot number per explant, rooting (%), 
apical necrosis (%) and hyperhydricity (%) were 
evaluated at the end of each subculture.  

 
Determination of Ca2+ content 
After second subculture, shoots were cut into 
apical, middle and basal portion, washed, dried 
and ground. Calcium was separated from the 
sample tissues by nitropercloric digestion and 
calcium content was determined by EDTA 
chelatometry methodology (Malavolta et al. 1997). 
 
Histological analysis 
Leaves (completely expanded) were collected at 
the second node and fixed in 70% FAA (5.0 mL 
40% formaldehyde, 90 mL 70% alcohol and 5.0 
mL acetic acid) during 72 h (Johansen 1940). 
After this, the material was transferred into 70% 
ethanol and dehydrated in an ethanol series. The 
samples were then embedded in glycol 
methacrylate (GMA) following the procedure 
described by Feder and O’Brien (1968) and the 
manufacturer’s instructions (JB - PolyScience®). 
After the GMA inclusion, sections were performed 
with a rotary microtome with steel razor type C, 
giving a thickness of 7 µm. The cuttings were 
disposed in the slides and stained with 0.05% 
toluidine blue for 10 min (O’Brien et al. 1964). 
Then the slides were washed under tap water for 
approximately 5 min, dried and mounted in 
synthetic resin (Entelan®). The pictures were made 
with digital camera under microscope (Olympus®). 
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Scanning electron microscopy 
Leaf samples were collected at the second 
completely expanded leaves from in vitro grown 
(40 days-old, in the first subculture) normal and 
hyperhydric plants obtained from independent 
regeneration events. Samples were dehydrated in a 
routine, graded ethanol series. Leaf samples were 
critical-pointed-dried with CO2 using a Balzer’s 
Critical Point Dryer (Bal-Tec CPD 030) and 
fragments were positioned on stubs prior to gold 
sputtering in a Sputter Coater (Balzers union FL 
9496 SCD 030). The specimens were observed 
and micrographed using a JEOL (JSM 6360 LV) 
SEM at 15 kV. 
 
Culture conditions and statistical analysis 
Cultures were incubated at 25 ± 2 ºC under a light 
intensity of 30 µM m-2 s-1 obtained with white 
fluorescent lamps and a 16 h photoperiod. The 
experimental design was a randomized complete 
block in a two-way factorial arrangement (2 x 2) 
with four replicates of 40 explants per treatment. 
The data was submitted to a normality analysis by 
the Lilliefors´s method, followed by the analysis 
of variance (ANOVA), followed by the Duncan’s 
multiple range test with the level of significance 
  

P ≤ 0.05. The variables from the counting were 
transformed to 5.0+x  and variables from the 
percentages were transformed to arcsin100/x .  
 
 
RESULTS AND DISCUSSION 
 

There was no interaction between the two factors, 
CaCl2.2H2O concentrations and subcultures on in 
vitro multiplication of L. angustifolia cv. Provence 
Blue for all the variables evaluated (Table 1). 
Shoot length, number of leaves, shoot number per 
explants and percentage of rooting were not 
significantly influenced by CaCl2.2H2O 
concentration used. Nevertheless, shoot-tip 
necrosis and hyperhydricity percentage showed 
significant differences in the shoots cultivated with 
different CaCl2.2H2O concentrations. The 
concentration of 1320 mg.L-1 CaCl2.2H2O was 
beneficial for in vitro shoots of L. angustifolia, 
which decreased the occurrence of hyperhydricity 
and shoot-tip necrosis (Table 1). Despite high 
levels of the CaCl2.2H2O in MS medium, there 
were leaf yellowing, weak stems and even death of 
tissues because of chloride toxicity (McCown and 
Sellmer 1987).  

 

Table 1 - Effect of CaCl2.2H2O concentrations during two subcultures on in vitro multiplication of Lavandula 
angustifolia cv. Provence Blue. 

CaCl2.2H2O 
(mg L-1) 

 
Subculture first 

  
Subculture 

second   

 

F-test 
 

 

CaCl2.2H2O Subculture 
CaCl2.2H2O x 

Subculture 
 Shoot length (cm)   

 

   
440 1.9 (±0.14)  3.0 (±0.40) 

 

ns P ≤ 0.05 ns 
1320 2.0 (±0.53)  3.0 (±0.23) 

 

   
 Number of leaves 

 

   
440 11.1 (±0.80)  12.6 (±1.56) 

 

ns ns ns 
1320 11.0 (±1.40)  11.1 (±1.97) 

 

   
 Shoot number per explant     
440 2.4 (±0.06)  2.4 (±0.45) 

 

ns ns ns 
1320 2.2 (±0.30)  2.7 (±0.70) 

 

   
 Rooting (%) 

 

   
440 14.2   46.5  

 

ns P ≤ 0.05 ns 
1320 24.0   40.8  

 

   
 Apical necrosis (%)     
440 21   51  

 

P ≤ 0.01 P ≤ 0.05 ns 
1320 10   30  

 

   
 Hyperhydricity (%)     
440 23.0  30.0 

 

P ≤ 0.01 ns ns 
1320 6.0  1.3 

 

   
Significance (P-values) of the two-way ANOVA. CaCl2.2H2O concentration and subculture as the two factors. Data represent 
means ± standard error.  
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The subcultures presented statistical differences 
for shoot length, rooting percentage and shoot-tip 
necrosis (Table 1). However, for the number of 
leaves, shoot number per explant and 
hyperhydricity percentage, there were no statistical 
differences (Table 1). The shoots cultured on the 
MS medium supplemented with 440 mg L-1 
CaCl2.2H2O presented severe hyperhydricity, 
exhibiting typical glassiness (Fig. 1). For both the 
subcultures, hyperhydricity was observed at the 
frequencies of 23 and 30% (440 mg L-1 
CaCl2.2H2O). In contrast, only 6.0 and 1.3% of the 
shoots cultured on MS with 1320 mg L-1 
CaCl2.2H2O were hyperhydric (Table 1).  These 
results demonstrated the calcium effect to reduce 
the hyperhydricity in L. angustifolia shoots. 
Similar results were observed in the studies on 
calcium deficiency in tissue cultures. It was shown 
that an increase in calcium in the medium reduced 
the hyperhydricity in several plant species (Sha et 
al. 1985). 
The shoot-tip necrosis in L. angustifolia cultivated 
in vitro was characterized visually by a whiteness  
 

color (Fig. 1). The rates of shoot-tip necrosis were 
also higher in the medium containing 440 mg L-1 
CaCl2.2H2O (21 and 51% for the first and second 
subculture, respectively) than in the shoots 
cultured in the presence of 1320 mg L-1 
CaCl2.2H2O (10 and 30% for the first and second 
subculture, respectively) (Table 1). The high 
relative humidity of the gaseous atmosphere is 
commonly observed in tissue culture vessels and 
this factor alone probably results in a substantial 
depression of transpiration and creates conditions 
in which calcium related disorders might tend to 
develop in fast growing shoot tips (Abousalim and 
Mantell 1994). The absorption and the 
translocation of Ca through the plant tissues are 
dependent of the mass flow and it is limited by the 
low transpiration of the explants cultivated in the 
flasks under high relative humidity, reducing the 
transport of ions of low mobility as the calcium 
(Sha et al. 1985). This symptom of shoot tip 
necrosis caused by calcium deficiency occurs in 
both ex vitro and in tissue culture (Sha et al. 1985; 
Piagnani et al. 1996). 

 

 
 

Figure 1 - Shoots of Lavandula angustifolia cultivated in vitro. (A) Hyperhydric shoots, (B) Shoots 
with tip necrosis (arrow) and (C) Normal shoot. Bars: 10 mm. 

 
 
 
Characteristic symptoms of calcium deficiency 
include necrosis of young meristematic regions, 
such as the tips of roots or young leaves, where 
cell division and wall formation are most rapid. 
Necrosis in slowly growing plants may be 
preceded by a general chlorosis and downward 
hooking of the young leaves. Young leaves may 

also appear deformed. The root system of a 
calcium-deficient plant may appear brownish, 
short, and highly branched. Severe stunting may 
result if the meristematic regions of the plant die 
prematurely (Taiz and Zeiger 2006).  
Calcium is associated to the processes such as 
membrane structure and function, ions uptake, 
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reactions with growth regulators and enzymatic 
activation (via calmodulin) (Malavolta et al. 
1997). The structural function of calcium is 
characterized by the use in the synthesis of new 
cell walls, particularly the middle lamellae that 
separate newly divided cells (Taiz and Zeiger 
2006). 
Shoots of L. angustifolia cv. Provence Blue grown 
on 1320 mg L-1 CaCl2.2H2O had the highest Ca2+ 
content (Fig. 2). Calcium uptake was mainly 
localized in the basal and middle portion of shoots 
(Fig. 2). The data showed that calcium had the 
tendency to accumulate in the basal and middle 
part of the shoot with a very slow movement to the 
apex and probably therefore, the shoots were 
affected by tip necrosis as a consequence of uptake 
deficiency. 
The transversal section of the non-hyperhydric and 
hyperhydric leaves showed uniserial epidermis 
with thin walls and stomata on both the surfaces. 
The observations revealed that the anatomy in 
non-hyperhydric leaves presented smaller and 
more juxtaposed cells and a more differentiated 
vascular system when compared with hyperhydric 
leaves (Fig. 3A-B). The leaves of hyperhydric 
shoots and non-hyperhydric shoots were 
characterized by the drastically reduced palisade 
 

tissue. The mesophyll appeared spongy with large 
intercellular spaces (Fig. 3), which were similar in 
the in vitro cultivated leaves of Eucalyptus 
benthamii (Brondani et al. 2012). 
 

 
 
Figure 2 - Effect of the CaCl2.2H2O concentration on 

tissue Ca2+ content in different shoot 
portions of Lavandula angustifolia cv. 
Provence Blue. Means (bars) with the same 
letter are not different in Duncan’s test (P ≤ 
0.05). Lowercase letters: CaCl2.2H2O 
concentrations; and uppercase letters: shoot 
portions (tip, middle and basal parts). Bars 
represent the standard error of the mean. 

 

 
 

 
Figure 3 - Transversal sections of leaves from shoots of Lavandula angustifolia cv. Provence Blue cultured 

in vitro after 40-d. (A) Non-hyperhydric leaves (B) Hyperhydric leaves. Bars 500 µm. 
 

 
The stomata of non-hyperhydric and hyperhydric 
leaves displayed normal morphology (Fig. 4B-F). 
Louro et al. (1999) also found same basic structure 
(normal stomata in non-hyperhydric and 
hyperhydric leaves) in E. grandis W. Hill ex 
Maiden x Eucalyptus urophylla S. T. Blake. Due 

to the high density of trichomes on the lower 
surface of the in vivo leaf, the detailed study of the 
stomata was not possible (Fig. 4A-B). 
Trichomes were observed on the abaxial and 
adaxial surfaces of both types of the leaves, in vivo 
and in vitro, but in smaller quantities in vitro (Fig. 
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4A-F). Taha and Haron (2008) suggested that the 
anatomical and morphological differences 
observed in in vivo and in vitro leaves were due to 
the differences of the environment of the plants. 
Trichomes have a function of the defense and 

protection in the plants, and, as the in vitro 
environment lacks predators, it is possible that in 
in vitro tissues there are not signaling to produce a 
high number of trichomes.  

 

 
 

Figure 4 - Scanning electron microscopy of leaf blade surfaces of Lavandula angustifolia cv. 
Provence Blue. (A)  Adaxial surface of in vivo leaf (second fully expanded leaf from the 
apical meristem). (B) Abaxial surface of in vivo leaf (second expanded fully leaf from the 
apical meristem). (C) Adaxial surface of in vitro non-hyperhydric leaf. (D) Abaxial 
surface of in vitro non-hyperhydric leaf. (E) Adaxial surface of in vitro hyperhydric leaf. 
(F) Abaxial surface of in vitro hyperhydric leaf. 
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CONCLUSIONS 
 
It was concluded that the increasing CaCl2.2H2O 
level (1320 mg L-1) in the culture medium 
increased tissue Ca2+ content and decreased the 
hyperhydricity. Shoot-tip necrosis also decreased 
in the medium containing 1320 mg L-1 
CaCl2.2H2O, but it did not occur in the second 
subculture. The middle and basal portion tissue 
had higher Ca2+ content higher than apical portion. 
In non-hyperhydric tissues, there were smaller and 
more juxtaposed cells. Scanning electron 
microscopy of the leaves demonstrated that the 
quantity of trichomes on in vitro leaf surface was 
smaller than the quantity of trichomes on in vivo 
leaf surface. 
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