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ABSTRACT 
 
The aim of the present study was to evaluate the growth and development of apple rootstock shoots submitted to 
different photon flux densities (7, 14, 21 and 60 µmol m-2 s-1) and three culture media. The best photon flux for 
maximizing growth, number of shoots and leaves was 14 µmol m-2 s-1, which also resulted in the highest values of 
chloroplastic pigments. On the other hand, the highest photon flux (60 µmol m-2 s-1) decreased significantly these 
parameters. Medium with reduced sucrose concentration did not affect the analyzed parameters, enabling an 
efficient multiplication of the cultivar with only 1% of sucrose.  
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INTRODUCTION 
 
In Brazil, apple tree orchards are usually obtained 
by grafting plants using a clonal EM (East 
Malling) rootstock series, and the “M-9” genotype 
is the most widely rootstock used worldwide 
(Radmmann, 2001). The use of micropropagation 
for fruit species results many plants from one 
single explant, in shorter time than the 
conventional propagation methods (Magalhães Jr 
and Peters, 1991; Schwartz et al., 2000) which, 
together with meristem culture allows the 
production of healthy plants and the assurance of 
genetic stability (Ribas and Zanette, 1992).    
The culture medium used in micropropagation 
should provide nutrients and organic substances 
necessary for the cellular metabolism and growth 
factors responsible for differentiation of shoots 
and roots (Schuch and Peters, 1993; Lombardi et 

al., 2007). Sucrose is the carbohydrate normally 
used in culture media (normally 2 to 3%) (Flores 
et al., 1999; Matsumoto et al., 1991; Machado et 
al., 2004; Feitosa et al., 2007) and the most 
common sugar in the phloem of angiosperms 
(Geiger and Servaites, 1991).   
Light can also influence the multiplication rate and 
in vitro growth (Radmann et al., 2001), affecting 
the photosynthetic processes and the photo 
morphogenesis by means of quality (wave length), 
quantity (density of photon flux) and duration 
(photoperiod) (Kozai et al., 1997; Amaral, 2003).  
Until the 1980s, it was considered that in vitro 
development was strictly heterotrophic. However, 
Kozai (1991) showed that many in vitro explants 
have the ability of growing in a photoautotrophic 
way, with low photosynthetic liquid rate mainly 
due to low concentration of CO2 the culture flasks 
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(Kozai et al., 1991; Le et al., 2001; Mosaleeyanon 
et al., 2004).  
Several authors have highlighted that sugar can 
have positive (Furbank et al., 1997; Tichá et al., 
1998) or negative effects (Hdider and Desjardins, 
1994; Serret et al., 1997; Lê et al., 2001) on 
growth, photosynthesis and photosynthetic gene 
expression in plants cultured in vitro. The factors 
that determine such discrepancies are not clear, but 
it is suggested that negative effects depend on a 
hypothetical threshold level of sucrose in the leaf 
(Furbank et al., 1997), the physiological status 
and/or the development of the plant, or 
environmental conditions controlling the relation 
source-drain.  
The aim of the present work was to evaluate the 
growth and development characteristics of shoots 
of apple tree cultivated in vitro, submitted to 
different densities of photon flux and to different 
culture media.  
 
 
MATERIAL AND METHODS 
 
Apple rootstock (Malus domestica Borkh) cv. “M-
9”, from in vitro propagation obtained by 
meristem culture, were used. For initial in vitro 
multiplication, the explants were inoculated into 
MS medium (Murashige and Skoog, 1962) with 
nitrogen concentration reduced to a third. To this 
medium, 100 mg L-1 of mio-inositol, 30 g L-1 of 
sucrose, 3.5 µM of Benzylaminopurine (BAP) 
(Zanandrea et al., 2006) and 6.0 g L-1 of agar, were 
added. The pH was adjusted to 5.8 prior to 
sterilization. The explants consisting of 
microcuttings with two axilary buds remained in 
the medium described above for 30 days, in a 
growth chamber at 25±2°C, during the light period 
and 23±2°C in the dark, photoperiod of 16 h and 
photon flux photosynthetically active (FFFA) of 
21  µmol  m-2 s-1.  
To set up the experiment, the cultures were 
submitted to different photon flux 
photosynthetically active FFFA (7, 14, 21 e 60 
µmol m-2 s-1) and the explants inoculated in three 
culture media, constituted of 10 g L-1 of sucrose 
and 2.2 µM of BAP (M1); 30 g L-1 of sucrose and 
2.2 µM of BAP (M2); and 30 g L-1 of sucrose and 
3.5 µM of BAP (M3). Medium M3 was used as 
control, due to its use for the same rootstock in 

previous works (Zanandrea et al., 2006).  
Temperature and photoperiod conditions were the 
same as the ones previously described and the 
FFFA were determined by Quantic Sensor, 
measured in the flasks height. Disposable plastic 
flasks with lids sterilized by gamma rays were 
used. 
A completely randomized design with a 5 x 2 
factorial layout, with five replications in each 
treatment, was employed. Each replication had six 
explants, totaling 30 explants per treatment.  All 
the experiments were repeated twice. The 
variables analyzed were the mean of the number of 
shoots per explant, the length of shoots and the 
number of leaves per shoot. The chloroplastic 
pigments (chlorophylls and total carotenoids) 
which were extracted from the leaves with acetone 
80% by maceration and quantified by 
spectrophotometry according to Lichtenthaler 
(1987) were also evaluated. 
The statistical analysis was performed by the 
Statistical Analysis System for Microcomputers – 
SANEST, (Zonta and Machado, 1987) and the 
means compared by Tukey test. A P value of 
<0.05 was considered to indicate statistical 
significance.  
 
 
RESULTS AND DISCUSSION 
 
The average number of shoots per explants was 
not altered when the vegetable material was 
exposed to 7, 14 and 21 µmol m-2 s-1, regardless of 
the culture medium used (Table 1). However, 
when the explants were cultivated under 60 µmol 
m-2 s-1, there was a significant decrease, in relation 
to the treatments mentioned above, showing the 
negative effect of high photon flux on this 
characteristic, determining a reduction of 43.8% in 
the mean number of shootings in relation to the 
material kept under 21 µmol m-2 s-1 (9.61 and 
17.09 shoots/explant, respectively) (Fig. 1G to 
1M).  
Peters and Magalhães Jr. (1991) observed an 
increase in the number of shoots in pear explants 
when submitted to 2000 and 4000 lux. However, 
when lux was converted into µmol m-2 s-1, it was 
observed that the highest photon flux density used 
in that work was 48 µmol m-2 s-1, well below the 
highest density used in this work (60 µmol m-2 s-1).   
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Table 1 - Average number and length of shoots (cm) per explant of in vitro cultivated apple rootstock in three 
culture media and under different photon fluxes. 

Photon Flux  (µmol m-2 s-1) 
7 14 21 60 Means Culture 

Medium number length number length number length number length number length 
M1 18.28 1.67 10.0 1.60 16.61 1.44 8.83 0.93 13.43 1.41ab 
M2 13.44 1.47 14.17 1.48 13.28 1.14 11.44   1.0 13.08 1.27b 
M3 18.78 1.65 16.44 1.82 21.39 1.45 8.56 0.87 16.29 1.45a 

Mean  16.83A  1.60A 13.54AB  1.63A  17.09A  1.34B  9.61B  0.93C   
Means followed by the same letter in the same parameters (capital letter in the line and lower case in the column) did not show significant 
difference at the 5% level of probability by Tukey test.  M1: MS + 10 g L-1 sucrose + 2.2 µM BAP; M2: MS + 30 g L-1 sucrose + 2.2 µM BAP; 
M3: MS + 30 g L-1 sucrose + 3.5 µM BAP. 

 
 
According to these authors, the results obtained 
could be explained by the interaction between the 
light regiment and endogenous auxin content, once 
higher photon flux densities could reduce the 
endogenous AIA shoots concentration, through 
photo-oxidation, leading to a displacement of the 
hormonal balance towards the cytokinin, which 
would increase the multiplication rate. The culture 
media used did not affect the average number of 
shoots per explants, regardless the cytokinin or the 
sucrose concentration present in the respective 
media (Table 1). As mentioned in the 
methodology, M3 medium usually used for the 
multiplication of this rootstock (Zanandrea et al., 
2006), presented higher concentration of BAP in 
relation to M1 and M2 media.  The use of M1 and 
M2 media, with different BAP concentrations was 
due to the need for shootings with leaves with 
larger area, which would be used for studies of the 
photosynthetic apparatus. These results differed 
from the ones obtained by Abreu and Pedrotti 
(2003) who observed higher number of shoots of 
Malus platycarpa when cultivated in 2.2 µM of 
BAP and 30 g of sucrose.   
The same was observed in relation to the 
quantities of sucrose used in the present work.  
There was no variation in the average number of 
shoots per explants, in the presence of 10 (M1) or 
30 g L-1 of sucrose (M2 and M3), regardless the 
concentration of BAP (Table 1). Reports in the 
literature have emphasized the influence of 
sucrose concentration in the in vitro development. 
Working with the same species, Lux-Endrich et al. 
(2000) obtained higher proliferation of shoots with 
40 g L-1 of sucrose in comparison to 10, 20 and 60 
g L-1. Chong and Pua (1985), working with 
another apple rootstock “Ottawa 3”, obtained 
higher average number of shoots with 30 g L-1 of 
sucrose.  This variation in the response to the 
sucrose concentration in the culture media has 

been observed in other species, such as almond 
tree. Hisajima (1982) and Rugini and Verma 
(1983) observed that concentrations between 30 
and 40 g L-1 allowed better rates of production of 
shoots. Similar results were obtained by Gürel and 
Gülsen (1998), studying in vitro production of 
shoots of Amygdalus communis, highlighting 
though that 20 g L-1 of sucrose determined lower 
number of shoots per explant. Silva et al. (2003) 
observed a high rate of multiplication in Prunus, 
with 20 g L-1 of sucrose.  
In the present work high multiplication rate 
(number of shoots per explant) was observed, 
independent of the medium used (Table 1). There 
was a reduction of this parameter only when the 
cultures were exposed to a higher photon flux 
density (60 µmol m-2 s-1). Considering that in vitro 
responses were dependent on the genotype (Silva 
et al., 2003), the best results obtained (between 
13.54 and 17.09 shoots per explant) were similar 
to those reported by Schuch and Peters (1993) that 
obtained 19.13 and 16.07 shoots per explant in 
Marubakaido and Megumi apple rootstocks, 
respectively. 
As could be observed in Table 1, the shootings 
length was influenced by the photon flux density 
and by the culture media (Fig. 1). The highest 
lengths were obtained with 7 and 14 µmol m-2 s-1, 
which differed significantly from the other lengths.  
The highest reduction in the shootings length 
(41.9%) was obtained when they were cultivated 
in 60 µmol m-2 s-1, when compared to the two 
lower light levels. Among the media used, M2 
medium with 30 g L-1 of sucrose and 2.2 µM of 
BAP induced significantly shorter length of 
shootings in relation to the other two media.  
These results differed from the ones obtained by 
Abreu and Pedrotti (2003), who observed that 
different BAP concentrations did not influence the 
height of the shoots of apple rootstock cv. “M-9”. 
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Figure 1 - Apple (cv. M9) shoots multiplication in vitro cultivated; A) 10 g sucrose, 2.2 µM BAP and 

FFFA of 7 µmol m-2 s-1; B) 30 g sucrose, 2.2 µM BAP and FFFA of 7 µmol m-2 s-1; C) 30 g 
sucrose, 3.5 µM BAP and FFFA of 7 µmol m-2 s-1; D) 10 g sucrose, 2.2 µM BAP and FFFA 
of 14 µmol m-2 s-1; E) 30 g sucrose, 2.2 µM BAP and FFFA of 14 µmol m-2 s-1; F) 30 g 
sucrose, 3.5 µM BAP and FFFA of 14 µmol  m-2 s-1; G) 10 g sucrose, 2.2 µM BAP and 
FFFA of  21 µmol m-2 s-1; H) 30 g sucrose, 2.2 µM BAP and FFFA of 21 µmol m-2 s-1; I) 30 
g sucrose, 3.5 µM BAP and FFFA of 14 µmol m-2 s-1; J) 10 g sucrose, 2.2 µM BAP and 
FFFA of 60 µmol  m-2 s-1; L) 30 g sucrose, 2.2 µM BAP and FFFA of 60 µmol m-2 s-1; M) 
30 g sucrose, 3.5 µM BAP and FFFA of 60 µmol m-2 s-1. 
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G H 
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Studies carried out by Fuentes et al. (2005), with 
in vitro growth of cocoanut, showed that plants 
developed under low concentration of exogenous 
sucrose were bigger than the ones developed in 
medium with high concentrations of sucrose, when 
submitted to low FFFA (40 µmol m-2 s-1); but 
under 400 µmol m-2 s-1, there was a marked 
decrease in the height, independent of the sucrose 
concentration. Flores et al. (1999), studying shoots 
growth of the apple rootstock cv. Marubakaido, 
did not observe significant effect regarding 

sucrose concentrations, although 45 g L-1 allowed 
a higher mean growth of the shoots.  As pointed 
out in relation to the number of shootings, in vitro 
growth was also dependent on the genotype (Silva 
et al., 2003). 
Regarding the number of leaves per shooting 
(Table 2), it was observed that the treatment with 
14 µmol m-2 s-1 was statistically higher than the 
other treatments, with a significant reduction when 
used 60 µmol m-2 s-1, in spite of the culture 
medium used. 

 
Table 2 - Average number of leaves per shooting of in vitro cultivated apple rootstock in three culture media and 
under different photon fluxes. 

Photon flux density (µmol m-2 s-1) Culture 
medium 7 14 21 60 Mean 

M1 5.50 7.70 6.17 4.09 5.87 
M2 6.70 6.97 5.68 4.69 6.01 
M3 6.58 6.85 5.50 4.27 5.80 

Mean 6.26B 7.18A 5.79B 4.35C  
Mean followed by the same capital letter in the line did not show significant difference at the 5% level of probability by Tukey test. M1: MS + 
10 g L-1 sucrose + 2.2 µM BAP; M2: MS + 30 g L-1 sucrose + 2.2 µM BAP; M3: MS + 30 g L-1 sucrose + 3.5 µM BAP. 

 
 
Different from the results reported by Ambrósio 
and Melo (2004) and Pasqual et al. (1991) who 
observed a reduction in the number of leaves of 
other species when the sucrose concentration was 
increased in the culture media, significant 
difference was not observed in the concentrations 
used in the present work. However, Fuentes et al. 
(2005) noted that the number of cocoanut leaves 
was negatively affected only when the cultures 
were submitted to extreme concentrations of 
sucrose (0 or 90 g L-1). It was also observed that 
the decrease in BAP concentration did not affect 
the average number of leaves per shoots (Table 2). 
Visual observations showed that shoots cultivated 
under lower photon flux (7 µmol m-2 s-1) presented 
thinner and more flexible stems in relation to other 
treatments, which had more rigid and thicker 
stems. Similar results were observed by Radmann 
et al. (2001), working with in vitro propagation of 
Gypsophila paniculata under different photon 
flux. 
In relation to chloroplastic pigments (Table 3), it 
was observed that despite the culture media used, 
the total chlorophyll content was low under 7 µmol 
m-2 s-1, increasing under 14 µmol m-2 s-1, and 
decreasing again under the other photon fluxes 
used. In the  treatment with  60 µmol m-2 s-1, the 
content of this pigment was drastically reduced in 
relation to the other treatments, which was, 33.3% 

lower than the treatment with 14 µmol m-2 s-1 (0.31 
and 0.93 mg g-1 MF, respectively).  
Serret et al. (2001), working with gardenia plants 
(Gardenia jasminoides) repeated the values 
between 0.75 and 1.36 mg g-1 MF of chlorophyll 
according to the light level to which the cultures 
were exposed (50 and 100 µmol m-2 s-1). They also 
observed a decrease in the content of chlorophyll 
with the increase of light incidence. Similarly, 
Nicotiana tabacum plants cultivated in vitro under 
380 µmol m-2 s-1 presented a significantly lower  
content of total chlorophyll than under 80 µmol m-

2 s-1, regardless of the sucrose concentration used 
in the medium (Kadlecek et al., 2003). Contrary to 
these results, Serret et al. (2001) also reported an 
increase in the content of total chlorophyll with the 
increase of the sucrose concentration in the culture 
media.  
Regarding carotenoid content (Table 3), 
significant interaction was observed between the 
factors tested (culture media and photon flux 
density). M2 medium, under 60 µmol m-2 s-1 and 
M1 under 14 µmol m-2 s-1 presented the lowest 
(0.08 mg g-1 MF) and the highest (0.33 mg g-1 MF) 
carotenoid content, respectively.  It was also 
observed that similarly to chlorophylls, carotenoid 
content increased up to 14 µmol m-2 s-1, decreasing 
with higher photon fluxes. 
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Table 3 - Average content of total chlorophyll (mg g-1 MF*) and carotenoid content (mg g-1 MF*) of leaves from in 
vitro cultivated apple shootings in three culture media and under different photon fluxes.  

Culture 
medium 

Photon Flux  (µmol m-2 s-1) 

 7 14 21 60 

 chl** car*** chl** car*** chl** car*** chl** car***  
M1 0.66 0.20aB 1.10 0.33aA 0.57 0.17aBC 0.28 0.12abC 
M2 0.73 0.19aA 0.82 0.21bA 0.61 0.17aA 0.28 0.08bB 
M3 0.67 0.21aAB 0.86 0.24bA 0.62 0.14aC 0.36 0.14aBC 

Mean 0.69B 0.20 0.93A 0.26 0.60B 0.16 0.31C 0.11 
Means followed by the same letter in the same parameters (capital letter in the line and lower case in the column) did not show significant 
difference at the 5% level of probability by Tukey test.  M1: MS + 10 g L-1 sucrose + 2.2 µM BAP; M2: MS + 30 g L-1 sucrose + 2.2 µM BAP; 
M3: MS + 30 g L-1 sucrose + 3.5 µM BAP. 
* MF – fresh matter; ** chl = Chlorophyll; ***car = carotenoids 

 
 
It was observed that with 60 µmol m-2 s-1, the 
shoots had a reddish color in all multiplication 
media tested (Fig. 1J to 1M), while in the other 
treatments, the plants had an intense green color, 
especially with 7 and 14 µmol m-2 s-1 regardless of 
the culture medium tested  (Figura 1A a 1F).  By 
visual observations, Lux-Endrich et al. (2000) 
observed a light green color in apple tree shoots 
cultivated in media with 0.0 and 10.0 g L-1 of 
sucrose; the addition of 20 g L-1 of sucrose resulted 
in green color, whereas 40 g L-1 induced green 
leaves and reddish shoots and 60 g L-1 resulted in 
red color of shoots and leaves.  
The low concentration of sucrose (M1 medium) 
did no affect negatively the content of 
chloroplastidic pigments (Table 3), or the color of 
leaves and stems of the shootings (Figs. 1A to 1I). 
However, this effect was clear when the cultures 
were exposed to photon flux density of 60 µmol m-

2 s-1, regardless of the sucrose and BAP 
concentrations (Fig. 1J to 1M). 
The results indicated that the increase of photon 
flux could have influenced the biosynthesis and/or 
the degradation of chlorophylls and carotenoids. 
The change in the content of photosynthetic 
pigments might result in a decrease in the capture 
of light by the light-harvesting complex of the 
photo system I (LHC I) and photosystem II (LHC 
II) and in the capacity of electrons transference in 
the photosynthetic chain (Kadlecek et al., 2003).  
Pandey et al., (2006) observed that Anoectochilus 
plants, acclimatized under high irradiance (300 
µmol m-2 s-1) showed a reduction in the content of 
chlorophylls a and b and ß-carotenes due to the 
excess of photons absorbed, resulting in the 
degradation of the photosynthetic machinery

and/or reduction of size of the light-harvesting 
complex, suggesting that interconversions between 
chlorophylls a and b were important for the 
establishment of an adequate a/b chlorophyll rate 
during the adaptation of leaves to low and high 
irradiance.  
 
 
CONCLUSION 
 
High photon flux decreased the number of 
shootings and leaves, as well as the shootings 
length. The best photon flux to maximize growth, 
number of shootings and leaves, as well as the 
chloroplastidic pigments of apple rootstock, cv. 
“M-9”, is 14 µmol m-2 s-1, and 1% of sucrose 
allows an efficient multiplication of this cultivar. 
 
 
RESUMO 
 
O objetivo do presente estudo foi avaliar 
características de crescimento e desenvolvimento 
de brotações de macieira submetidas a diferentes 
densidades de fluxo de fótons (7, 14, 21 e 60 µmol 
m-2 s-1) e três meios de cultura. O melhor fluxo de 
fótons para maximizar o crescimento, número de 
brotações e de folhas foi de 14 µmol m-2 s-1, o qual 
também proporcionou os maiores valores de 
pigmentos cloroplastídicos. Por outro lado, alto 
fluxo de fótons (60 µmol m-2 s-1) diminuiu 
significativamente os parâmetros citados acima. O 
meio com concentração reduzida de sacarose não 
afetou os parâmetros analisados, possibilitando 
uma multiplicação eficiente desta cultivar com 
apenas 1% deste carboidrato.  
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