
2010     brazilian society of plant physiology

short-communicationDoi 00.0000/s00000-000-0000-0

Extraction and determination of ascorbate  
and dehydroascorbate from apoplastic fluid  
of stem of rooted and non-rooted cuttings  
in relation to the rhizogenesis

Katia christina zuffellato-ribas1*, stefano Morini2, piero picciarelli3 and francesco Mignolli3

1 Departamento de Botânica, universidade Federal do Paraná, centro Politécnico, Jardim das américas, cP 19031, 
81531-970, curitiba-Pr, Brasil

2 Dipartimento di coltivazione e Difesa delle specie Legnose, università di Pisa, Via del Borghetto, 80, 56100, Pisa, italy
3 Dipartimento di Biologia delle Piante agrarie, università di Pisa, Via mariscoglio, 34, 56124, Pisa, italy

* corresponding author: kazu@ufpr.br 
received: 11 February 2010; accepted: 08 June 2010.

abstract

starting from semihardwood branches of peach and plum rootstocks (Prunus cerasifera E.) cv. mrs2/5, plum rootstocks (Prunus 
cerasifera × P. salicina) × (P. cerasifera × P. persica) cv. ishtarà and olive tree (Olea europaea L.) cv. Frantoio, cuttings were 
collected and treated with 0 mg.L-1  and 2500 mg.L-1 of indolebutyric acid (iBa) by immersion in the base of the cuttings. after 60 
days of planting, the cultivars mrs2/5, ishtarà and Frantoio presented a significative difference with relation to the rooting induction 
by application of the indolebutyric acid (27.5, 47.5 and 41.25 %, respectively), inducing a higher number of roots per cutting without 
at the same time significantly increasing the length of the roots themselves. the levels of ascorbate and dehydroascorbate in the 
rooted and non-rooted cuttings of the three cultivars were determined. these parameters varied in function of the consistency of the 
cuttings from each species, but showed a positive correlation between the increase of the rooting and the increase of the ascorbate 
in the reduced form.
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resuMo

a partir de ramos semilenhosos de porta-enxerto de pêssego e ameixa (Prunus cerasifera E.) cv. mrs 2/5, porta-enxerto de 
ameixa (Prunus cerasifera x P. salicina) x (P. cerasifera x P. persica) cv. ishtarà e oliveira (Olea europaea L.) cv. Frantoio, foram 
confeccionadas estacas que foram tratadas com 0 mg.L-1  e 2,500 mg.L-1 de ácido indol butírico (iBa) por imersão na base das 
estacas. após 60 dias de plantio, as cultivares mrs 2/5, ishtarà e Frantoio apresentaram diferença significativa com relação à 
indução do enraizamento pela aplicação de ácido indol butírico (27.5, 47.5 e 41.25 %, respectivamente), promovendo um maior 
número de raízes por estaca, sem no entanto aumentar significativamente o comprimento das mesmas. nas estacas enraizadas 
das três cultivares, os níveis de ascorbato variaram em decorrência da consistência da estaca de cada espécie, todavia demostram 
uma correlação positiva entre o aumento do enraizamento e o aumento dos níveis de ascorbato na forma reduzida.

palavras-chave: enraizamento, oliveira, potencial redox, porta-enxerto de ameixa, porta-enxerto de pêssego.
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introDuction

Great attention has been devoted to the study of 
biochemical and molecular events during rhizogenesis. these 
events, grouped in distinct phases (differentiation, induction 
and growing of roots), so far are poorly characterized at the 
molecular level, mainly due to the physiological complexity of 
the process. some researches identified morphological and 
biochemichal molecular markers giving a general phisiological 
condition of the cuttings with relation to rooting capability, and 
useful for application purposes (Fernandez-Lorenzo et al., 
1999; De Klerk et al., 1999).

cellular redox status is considered an important 
regulator of cellular metabolism (sànchez-Fernàndez et al., 
1997; Potters et al., 2002). cytoplasmic equilibrium between 
the reduced and oxidized forms of ascorbic acid (asc and 
Dha) and glutathione (Gsh and GssG) is considered a main 
factor influencing cellular redox homeostasis. ascorbic acid 
and glutathione are known to be involved in the process of 
detoxification of ros (reactive oxygen species) and more 
recently in processes related to plant growth regulation at 
levels of cell. division and elongation (Potters et al., 2002), 
typical events in new roots formation.

in the case of ascorbate, different data in literature 
establish a correlation between the reduced form of ascorbic 
acid content and growing plant tissues. Diminution of 
ascorbate content with the aging and differentiation of tissues 
was observed in tissues and cellular cultures of many different 
species (De Gara et al., 1993, De Pinto et al., 1999, Potters et 
al., 2002). in apoplastic fluid of the hypocotyl of Pinus Pinaster, 
total ascorbate content and the redox status are decreased 
with ageing of the hypocotyl (sànchez et al., 1997).

it was recently observed that in the apoplast of etiolated 
plantlets of pea (Pisum sativum), ascorbate pool (both in 
reduced and oxidized forms) decreases from meristematic to 
differentiated zones (De Pinto e De Gara, 2004). Furthermore, 
in the apoplast, a main part of the ascorbate pool is present 
in its reduced form. Predominance of oxidized form was 
observed in the apoplast of plantlets of barley and onion 
(Vanacker et al., 1998a; cordoba-Pedregosa et al., 2003a, b; 
Pignocchi & Foyer, 2003).

there is an increasing number of evidence demonstrating 
a direct correlation between the redox status of ascorbate 
and cellular division process. in Zea mays, the predominant 

form of ascorbate in the quiescent center of the root apex 
is the oxidized form. application of reduced ascorbate in 
the apoplast stimulates cell division in the quiescent center 
(Kerk & Feldman, 1995). it was also observed a relationship 
between the redox status of the quiescent center and auxins 
(Jiang et al., 2003). in the quiescent center, beginning of cell 
division is preceeded by a diminution of iaa levels followed 
by a change of the redox status of the cells that becomes 
less oxidized. Kato and Esaka (1999) provided many proofs 
concerning cell cycle regulation in cell cultures of tobacco, 
given by ascorbate redox status.

it is known that various factors influence directly 
the rooting process, such as period of collection of the 
vegetal material, age of the stock plant, exogenous auxin 
concentration applied, type of cuttings, presence of leafs and 
others (hartmann et al., 2002).

With the intent to verify the cellular redox state through 
determination of ascorbate and dehydroascorbate in the 
apoplastic fluid of stem cuttings and its relationship with root 
induction, three representative species of italian orcharding 
were studied: olive tree, peach and plum which were exposed 
to auxin treatment for rooting induction.

Material anD MethoDs

plant material: olive tree (Olea europaea L. – oleaceae), 
very common species in regions of toscana and umbria, 
presents more than 395 cultivars documented in the 80’s 
and occupies more than 50.000 hectars of cultivated territory 
in italy. the Frantoio cultivar gives an excellent extracted oil 
quality, medium strength, soft and drooping stems, with 
medium density of tree crowns, drupe with an average weight 
slightly bigger than 2g and oil yield varying from 17 to 20 % 
(Fiorino, 2003)

mrs 2/5, natural hybrid of Prunus cersifera E., it’s 
one of the preferred rootstosks for peach and plum trees. 
it’s well adapted to fertile or very fertile grounds, due to 
its medium strength, presenting a reduced density of tree 
crown and high quality charachteristics of production 
(massai et al., 2003).

Plum ishtarà rootstocks (P. cerasifera x P. salicina) × 
(P. cerasifera x P. persica) is characterized by an intermediate 
strength and productivity (Gallo et al., 2003), well adapted 
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to heavy grounds with root ashpyxia and medium to high 
percent of active limestone. Planted on fertile soils it reduces 
the tree size, enhances quality charachteristics of drupes and 
slightly anticipates maturation season (Foschi & ceccaroni, 
2004).

semihardwood stems of peach and plum rootstocks 
(Prunus cerasifera E.) cv. mrs 2/5, plum rootstocks (P. 
cerasifera x P. salicina) × (P. cerasifera x P. persica) cv. ishrtarà, 
olive tree (Olea europaea L.) cv. Frantoio were collected from 
stock plants in the Experimental station of colignola, under 
control of università di Pisa, Facoltà di agraria, Pisa , italia, on 
09.01.2009 (winter period).

Vegetal material was collected early morning time and 
taken to Dipartimento di coltivazione e Difesa delle specie 
Legnose “Giovanni scaramuzzi”, Facoltà di agraria, università 
di Pisa, where its preparation was realized. cuttings were 
collected from the medium part of the stem and were prepared 
with about 20 cm length, 4.5±0.5 mm diameter, without 
leaves for peach and plum rootstocks, and with four complete 
leaves in the apical portion for olive tree.

Disinfestation was realized by immersion in about 10 
cm of the bottom part of the cuttings in a solution of 3 g/L 
Benlate for 10 min. afterwards the application of 0 mg.L-1 to 
2500 mg.L-1 of indolebutyric acid (iBa) was performed by 
immersion for 10 sec in aproximately 2 cm in the base of 
the cuttings with four repeats of 20 cuttings for parcel (160 
cuttings for cultivar), that were then planted in boxes of 14 
× 31 × 60 cm (height × width × length) which contained 
perlite as growth media.

the boxes were accomodated on heat controlled 
benches through an electric resistance, with bottom heat of 
20 °c (basal cutting temperature about 18-20 °c and apical 
cutting tempearture of about 16-18 °c) inside a greenhouse 
with intermittent mist (15 sec of spraying every 40 min) for 
cuttings with leaves and without intermitent mist but with a 
daily irrigation for cuttings without leaves

after 60 days experiments were evaluated, considering 
the following variables: percentage of rooted cuttings (alive 
cuttings with at least 1mm of lenght), number and length of the 
roots in the rooted cuttings, percentage of cuttings with callus 
(alive cuttings presenting callus formation in the base, even 
with no roots formed), alive (alive cuttings without formation 
of roots or callus) and dead (cuttings with necrosis).

Data obtained were submitted to variance analysis. 
Variables those variances showed themselves to be 
homogeneous around the mean of the treatment were tested 
by means of the F test. When results showed significative 
differences from the mean of the treatment, variables were 
compared with test of tukey at 5 % probability.

apoplastic fluid extraction: after disinfestation of the 
vegetal material, samples of approximately 1 cm of length 
were removed from the base of each cutting, and properly 
identified, closed in plastic bags and freezed in liquid nitrogen, 
being kept into a freezer at -20 °c for later realization of the 
biochemical analysis through extraction and determination of 
the reduced, oxidized and total ascorbic acid content, from 
rooted and non-rooted samples of the respective treatment.

Bases of ten cutting samples of each cultivar, with 
approximately 1.0-1.5 g of weight, 1 cm length and 3.0±1.0 
mm diameter, that were formerly freezed concurrently with the 
installation of the experiments, were thawed and infiltrated in 
30 ml of acetate buffer, ph 4.5, in vacuum for 2 min (Vanacker 
et al., 1998b). after delicately drying the cuttings bases from 
excess of infiltrating solution, they were centrifuged at 4000 
rpm for 10 min in a system with two eppendorfs of 1.5 ml, 
one inside the other, being the first, with bases of cuttings 
inside, previously drilled in its upper and lower part. the 
system was then accomodated into a corex tube of 30 ml. 
apoplastic fluid extraction resulted in an extract of about 100 
µl for 1 g of cutting base.

Determination of the reduced, oxidized and total 
ascorbate: ascorbate (asc) and dehydroascorbate (Dha) 
were determined by Kampfenkel et al. (1995). this analysis 
is based on the reduction from Fe3+ to Fe2+ of the ascorbic 
acid (asc), followed by the spectrofotometric determination 
of ion Fe2+ complexed with 2,2-dipiridil. Dehydroascorbic acid 
(Dha) is reduced to asc through incubation with dithiothreitol 
(DDt). Excess of DDt is removed wirh n-ethylmaleimide 
(nEm) and total asc is determined using 2,2 dipiridil method. 
concentration of Dha is calculated by difference between total 
asc and asc (without treatment of DDt).

total asc was determined in a reaction mixture of 
1.0 ml containing 50 µl apoplastic fluid, 100 µl phosphate 
buffer 0.2 m (ph 7,4), 50 µl DDt 10mm. after shaking and 
incubation for 20 min at 42 °c in water bath, 50 µl of 0.5 
% nEm were added, with a following incubation for 1 min at 

Braz. J. Plant Physiol., 22(1): 123-129, 2010



126 K. c. ZuFFELLato-riBas et al. 

room temperature. asc levels were determined in the same 
way with exception for the increasing of DDt and nEm which 
were substituted by water. colouring was obtained by adding 
of 250 µl 10 % trichloroacetic acid, 200 µl of 42 % phosphoric 
acid, 200 µl of dipiridil dissolved in 70% ethanol and 100 µl of 
3% phosphoric acid. after shaking, a mixture was incubated 
for 40 min at 42°c and the absorbance values of the final 
coloured solutions were recorded at 525 nm (Kampfenkel et 
al., 1995).

the results obtained were compared for quantification 
of ascorbate and dehydroascorbate in rooted and non-rooted 
cuttings of the studied species. the data obtained were 

submitted to variance analysis and analized with the same 
methodology described for the experiment of cutting.

results

according to the statistical analysis realized, Prunus 
cerasifera E. cv. mrs 2/5, (P .cerasifera × P. salicina) × (P 
.cerasifera × P. persica) cv. ishtarà and Olea europaea L. cv. 
Frantoio presented significative difference with the relation to 
induction of rooting through the application of indolebutyric 
acid, which induced a higher number of roots for cutting, 
without significant increasein their length (table 1).

table 1. the effect of indolebutyric acid on peach, plum and olive cuttings: rooted cuttings of peach rootstock (mrs 2/5), plum (ishtarà) and olive (Frantoio), number 
of roots per cutting, lenght of the 3 biggest roots per cutting, percentage of cuttings with callus, alive and death cuttings.

specie rc (%) nrc lrc (mm) cc (%) ac (%) Dc (%)

Prunus cerasifera e. cv. Mrs 2/5

control 2.50 b 1.00 b 13.05 a 45.00 a 52.50 a 0

iBa 2500 mg.L-1 27.5 a 36.75 a 14.76 a 17.50 a 55.00 a 0

(P. cerasifera × P. salicina) × (P. cerasifera × P. persica) cv. ishtarà

control 25.00 b 9.25 b 18.33 a 55.00 a 25 0

iBa 2500 mg.L-1 47.50 a 46.75 a 22.74 a 52.50 a 0 0

Olea europaea l. cv. frantoio

control 5.00 b 2.75 b 16.33 a 57.50 a 32.50 a 5.00 a 

iBa 2500 mg.L-1 41.25 a 38.00 a 20.38 a 32.50 b 25.00 a 1.25 a 

means followed by the same letter in the rows, for each cultivar, do not differ by tukey’s test at 5% probability. abbreviations used: rc, rooted cuttings; nrc, number 
of roots per cutting; Lcr, lenght of roots per cutting; cc, cuttings with callus (cc); ac, alive cutting; Dc, death cuttings; iBa, indolebutyric acid.

Formation of callus was observed in all species studied, 
showing statistic differences only in the olive cuttings, in which 
control presented the higher values. the high percentage of 
callus formation added to the high survival rate of cuttings that 
did not root suggest that if the vegetal material would be left 
for a longer time in the greenhouse it could possibly develop 
roots, since death rate was virtually null.

Figure 1 summarizes the results of the quantification 
of ascorbate and dehydroascorbate in rooted and non-
rooted cuttings subjected to control and iBa treatments. in 

the istarà genotype, levels of ascorbate in rooted cuttings 
of the control group and of the group treated with iBa, did 
not present a statistical difference, showing themselves to 
be higher than comparing tothe values detected in the non-
rooted cuttings treated with iBa and non-rooted control, that 
presented significative differences among them. the higher 
presence of ascorbate in these cuttings probably induced 
a higher rhizogenesis, while in the non-rooted cuttings the 
levels of ascorbate were lower independently from the auxinic 
treatment.
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figure 1. Quantification of ascorbate and dehydroascorbate levels in rooted 
and non-rooted cuttings of (a) peach rootstocks (mrs 2/5), (b) plum 
(ishtarà) and (c) olive tree (Frantoio). averages followed by the same minor 
letter, in the ascorbate and dehydroascorbate columns, respectively, do not 
differ significantly among them both for turkey test at 5% of probability. 
abbreviations used: cr, rooted control; cnr: non-rooted control; iBa r: 
rooted + iBa; iBa nr: non-rooted + iBa; iBa, indolebutyric acid.

apoplastic fluid extraction performed with the cuttings 
treated with iBa revealed that the non-rooted samples 
presented notably higher values of dehydroscorbate than the 
rooted ones, and these differed also with relation to the non-
rooted control cuttings.

cultivars mrs 2/5 and Frantoio presented the same 
behaviour with relation to the levels of endogenous ascorbate 
in the cuttings, determined at the moment of the experiment 
installation in the greenhouse. the levels of reduced ascorbate 
were significantly increased in cuttings rooted and treated 
with iBa when compared to non-rooted cuttings and treated 
with iBa as well. this fact points out that higher rhizogenesis 
potencial is bound to endogenous levels of ascorbate at the 
moment of the vegetal material collection. Determination of 
ascorbate and dehydroscrobate in control treatment was not 
realized due to absence of rooting.

For both rooted and non-rooted cuttings of mrs 2/5 
rootstocks, the levels of dehydroscorbate did not present 
significative differences. notable, the levels of dehydroscorbate 
were considerably higher in non-rooted cuttings when 
compared to rooted ones for the olive tree cv. Frantoio cuttings 
treated with iBa.

Discussion

the positive effect of indolebutyric acid on rhizogenesis 
was observed in several wooden species. Pio et al. (2005) 
obtained a greater rooting in cuttings of olive cv. Grapollo 
(45.81%) and a bigger number of roots per cutting through 
the application of 2000 mg.L-1 iBa, confirming the ideal 
concentration for the Olea europaea rooting. For the cultivar 
coratina, raham et al. (2002) found the major indexes of 
rooting after the application of 3000 mg.L-1 iBa (80 %) and 
incubation for 90 days in greenhouse.

rhizogenesis is a process that is strictly related to 
the species and cultivars studied, presenting alterations 
depending on the endogenous state of the stock plant donor 
of seedlings. Due to this fact different percentages of rooting 
are found regarding on species and cultivars studied. What is 
claimed in this type of study is to verify the inductive action of 
the iBa for each specific case, with the intent to obtain long 
term reproducible results.
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sebastiani and tognetti (2004) reported that in 
evaluations performed on oliveira cv. Frantoio cuttings after 
57 and 88 days in greenhouse, significative modifications 
of the response frequency are observed, being the better 
rooting resulted from application of 4000 mg.L-1 iBa. the 
same authors observed differences of long term response on 
different years of experiment, that is, percentage of rooting is 
alterated in virtue of the environmental conditions under which 
the stock plant was submitted.

as it is well known that rhizogenesis is a process 
strictly related to species, to age of the stock plant, to 
endogenous concentration of auxin, to period of the year 
of the material collection and to other factors. With relation 
to the rooting response of rootstocks of peach cvs. ishtarà, 
mirabolano 29c, Pixy and myran, stanica (2007) observed 
that the percentage of rooting and quality of roots formed 
was strongly influenced by the auxinic treatment utilized 
(naphtalenic acetic acid at 3000 mg.L-1), by the species 
and cultivars utilized and also by the type of growth media. 
also for the peach tree (Prunus salicina), different cultivars 
and period of collection may present different responses of 
rooting. Kersten et al. (1993) found that for cv. carmesin the 
rooting was more effective than that one for cv. Grancuore, 
and that autumn and winter are the most favorable periods 
for the vegetal material collection.

considering that the present study was carried out only 
in one period of the year (winter), different results may have 
been obtained if they were repeated in spring, winter and 
autumn. in the meanwhile, the basic intention of this research 
was to compare results of rooting obtained in a determined 
period with quantification of reduced and oxidized ascorbate 
in the cuttings, and correlateits relationship with the rooting 
induction.

sorce et al. (2004) determined the content of ascorbate 
pool forms (reduced and oxydized), in the apoplastic fluid of 
extracts of the basal portions (almost 1 cm lenght) of cypress 
cuttings (Cupressus sempervirens) collected before planting 
into the rooting benches, and observed a strict correlation 
between the presence of the reduced form of ascorbate in the 
cuttings’ tissues with the formation of adventitious roots. in all 
the cuttings that rooted the relationship between the reduced 
and the oxidized forms of ascorbate was clearly in favour of 

the former while in the non-rooted cuttings the relationship was 
in favour of the oxidized forms, together with a significative 
reduction in the total ascorbate content.

using the same methodology described in the present 
work, tyburski et al. (2006) determined the levels of ascorbate 
and dehydroascorbate during the rooting of small cuttings of 
tomato (Lycopersicon esculentum mill. cv. Paw) and verified 
that the first three days in a murashige skoog (1962) medium 
were accompained by a rapid increase of the ascorbic acid 
in the rooting areas. after this period the authors observed 
a dramatic decrease of ascorbate levels indicating its 
importancefor the cell division, elongation and root formation. 
Given that some of the effects of ascorbate are the stimulation 
of root formation in a cutting and a reduction of their length, 
this substance might be considered similar to the exogenous 
auxine.

according to these informations, Pignocchi and Foyer 
(2003) suggested that the oxidation of apoplast due to 
oxidation of ascorbic acid to dehydroascorbate results in 
significative cell mutations, from which the attenuation of the 
growing signal for transduction processes are basicly holding 
by auxins and giberelins.

in the present study, independently of the studied 
species, in the rooted cuttings, the higher levels of reduced 
ascorbic acid at the time of collection of the vegetal material 
were related to a greater rooting potential.

conclusions

the exposure of the cuttings of rootstocks of peach and 
plum cv. mrs 2/5, rootstocks of plum cv. ishtarà and olive 
tree cv. Frantoio to indolebutyric acid induced rhyzogenesis; a 
positive correlation between the stimulation of rooting and the 
increase of reduced ascorbate levels was established.
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