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Vegetative propagation is considered the best choice for the rapid multiplication of plant species, 
however, rooting may still present difficulties. Substances, such as auxins, phenolic compounds and 
hydrogen peroxide, are recognized as able to improve this process. The aim of the present work was to 
determine if hydrogen peroxide in combination with quercetin or indole butyric acid, can modify some 
characteristics related to rooting and development in cuttings of Eucalyptus grandis x Eucalyptus 
urophylla. Cuttings were periodically evaluated at 30, 60 and 90 days according to the following criteria: 
height, diameter and survival percentage. After planting (90 days), a destructive evaluation was 
performed to determine rooting percentage, average size and number of roots. Polyamines content and 
polyamine oxidase activity, as biochemical markers of plant development, were determined. No 
statistically significant differences in height, diameter, survival and rooting percentage, root length and 
number of roots per cuttings were found. Treatments induced a decrease in putrescine levels and 
polyamine oxidase activity in roots. For absence of positive responses, the use of these substances as 
a treatment to improve cutting production is economically unviable. 
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INTRODUCTION 
 
Vegetative propagation is considered an ideal choice for 
the rapid multiplication of species, which maintain desira-
ble characteristics. However, rooting of tree species by 
cuttings may be hampered by several factors, such as 
the cutting position, the age of the donor plant and pos-
sible treatments with indole butyric acid (IBA) (Hartmann 
et al., 2002). 

Hormones and plant growth regulators, such as syn-
thetic auxins (IBA) play complex roles on rooting and can 
have direct (cell growth or division) and indirect (inte-
racting with other molecules or plant hormones) effects 
(Corrêa and Fett-Neto, 2004). 

Some substances, such as phenolic compounds and 
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hydrogen peroxide has been identified as important regu-
lators of auxin production in plants. Some phenolic 
groups, such as p-diphenols, o-diphenols, polyphenols, 
coumarins and flavonoids, namely quercetin, are des-
cribed as inhibitors of indoleacedic acid (IAA) oxidation 
(Banduski et al., 1995) by inhibition of IAA oxidase 
(Pandey and Pathak, 1981).  

The accumulation of H2O2 during root formation and its 
beneficial effects, at low concentrations, has been pointed 
out in several studies (Dunand et al., 2007; Li et al., 
2009). Improvements in rooting were described when this 
substance was associated with auxins (Sebastiani and 
Tognetti, 2004; Franklin and Dias, 2011).  

PAs play critical roles in a variety of physiological and 
developmental processes, such as regulation of cell pro-
liferation, somatic embryogenesis, differentiation and 
morphogenesis (Kusano et al., 2008). Relationships bet-
ween polyamines and different aspects of root develop-
ment, such as increases in meristematic activity, elonga-
tion, lateral and adventitious roots formation have been 
discussed in several studies (Couée et al., 2004). The 
addition of PAs significantly improved root formation 
and/or growth in sweet orange, depending on their con-
centration, whereas the presence of inhibitor of PAs bio-
synthesis, such as α-difluoromethylornithine (DFMO), in-
hibited these processes (Mendes et al., 2011). Agmatine 
(Agm), spermidine (Spd) and spermine (Spm) levels were 
positively related to root development, while the content 
of putrescine (Put) has neutral or negative effect (Su et 
al., 2006). Moreover, PAs are known to play a role 
against oxidative damage. This antioxidant effect is pro-
bably due to the combination of their free radical sca-
venging properties inhibiting lipid peroxidation reactions 
catalyzed by metals, and the production of hydrogen 
peroxide by the action of amine oxidases (Groppa and 
Benavides, 2008). Polyamine oxidases (PAOs) (EC 
1.5.3.11) are responsible for catalyzing the oxidation of 
polyamines, such as spermine (Spm) and spermidine 
(Spd), and/or of their acetylated derivatives (Angelini et 
al., 2010). These enzymes present a direct relationship 
with auxin content in plants. The application of exoge-
nous auxin can induce an increased expression of PAOs 
during growth of corn mesocotyls (Cona et al., 2003). In a 
previous study, it was demonstrated that the enzymes 
polyamine oxidase and diamine oxidase (DAO/PAO) are 
inversely related to endogenous polyamines levels in the 
rooting induction phase. Hydrogen peroxide levels were 
positively related to DAO and PAO activity, as one of the 
final products of polyamines oxidation (Nag et al., 2001). 

The great interest in the improvement of the quality of 
Eucalyptus seedlings and the good results obtained in 
previous studies on rooting, led us to the present experi-
mental work aimed at evaluating the levels of polyamines 
on the basis of the effect of hydrogen peroxide respon-
ses, the flavonoid quercetin, and indole butyric acid 
during the rooting and development of cuttings of E. 
grandis x E. urophylla. 

 
 
 
 
MATERIALS AND METHODS  
 
Cuttings of E. grandis x E. urophylla, clone (CL1), from Duratex 
S.A. (Sao Paulo, Brazil) were used for the experiments, which were 
carried out at the Central Nursery farm of Duratex corporation, 
located in the municipality of Lençóis Paulista, Sao Paulo, Brazil, at 
22º35'55" South latitude and 48º48'01" West longitude, 560 m alti-
tude, in the Midwest region of the Sao Paulo state. The region 
present an Aw (tropical) climate, according to the Köppen classifica-
tion, with 1133 mm annual average rainfall, 23.3°C mean annual 
temperature, with 29.1 and 17.6°C as maximum and minimum 
values, respectively. 
 
 
Cuttings collection 
 
The collection of cuttings, 3-6 cm long, was accomplished at 
Duratex S.A.in cement channels, 90 cm wide. Cuttings were picked 
up from 20 cm strains. Scissors were sterilized with 70% alcohol to 
prevent contamination by pathogens and a cooler, in which the 
cuttings were placed and used for data collection. The cuttings 
were sprayed with calcium plus boron (Ca + B), at 15 ± 5°C, every 
10 min, to maintain the redox conditions of swelling solution. 
Cuttings, obtained from E. urophylla x grandis clones (CL1), were 
standardized in sizes from 3 to 6 cm long and 1.5 to 2.5 mm in 
diameter. Stakes were free of pathogens and presented one to 
three leaf pairs. Half of leaf area was removed to decrease excess 
sweating and water loss. The period spent under cutting collecting 
was always lower than 30 min to minimize cutting loss by oxidation. 
 
 
Tillage treatments  
 
Treatment solutions, in which cuttings were dipped, were freshly 
prepared. In this study three experiments were performed. In the 
first experiment, due to the low solubility in water, 98% quercetin 
(Sigma, Brazil) and indole butyric acid (IBA) 98% (Sigma, Brazil) 
were dissolved in acetone, and then mixed with CaSO4 in different 
combinations for following treatments: T1– control; T2 – quercetin 
(0.25 g kg-1); T3 - quercetin (0.5 g kg-1); T4 – quercetin (1.0 g kg-1); 
T5 – IBA (1.0 g kg-1); T6 - IBA (1.0 g kg-1) + quercetin (0.25 g kg-1); 
T7 - IBA (1.0 g kg-1) + quercetin (0.5 g kg-1); T8 - IBA (1.0 g kg-1) + 
quercetin (1.0 g kg-1). 

For the peroxide second experiment, 30% hydrogen peroxide 
(Merck, Brazil) (v/v) and IBA, mixed with CaSO4 in the following 
combinations, were used: T1 – control; T2 - hydrogen peroxide 
(1.75%); T3 - hydrogen (3.5%); T4 - hydrogen peroxide (7.0%); T5 - 
IBA (1.0 g kg-1); T6 - IBA (1.0 g kg-1) + hydrogen peroxide (1.75%); 
T7 - IBA (1.0 g kg-1) + hydrogen peroxide (3.5%); T8 - IBA (1.0 g kg-

1) + hydrogen peroxide (7.0%). 
The third experiment was carried out by combining the most 

appropriate treatment with hydrogen peroxide and quercetin, from 
previous experiments, and associated with IBA, according to the 
following combinations: T1 - control; T2 - quercetin (0.5 g kg-1) + 
hydrogen peroxide (3.5 %); T3 - IBA (1.0 g kg-1); T4 - quercetin (0.5 
g kg-1) + hydrogen peroxide (3.5% ) + IBA (1.0 g kg-1). 
 
 
Experimental design 
 
For the implementation of the first two experiments, a completely 
randomized design in a 2 × 4 factorial arrangement was used, com-
prising two treatments with auxin, four with hydrogen peroxide and 
quercetin and 5 replicates with 48 cuttings per experimental unit, 
totaling 1920 cuttings per test. For the third experiment, a com-
pletely randomized in a 2 × 2 factorial arrangement was used, with 
two doses of auxin and two of hydrogen peroxide, combined with 
quercetin, and five replicates with 48 cuttings per experimental unit, 



 
 
 
 
totaling 480 cuttings. 
 
 
Planting of the cuttings 
 
Cuttings were planted in a substrate composed of Canadian peat, 
vermiculite and rice hulls, and 4 kg m3 single superphosphate 
fertilizer (SSF, P2O5) and slow release fertilizer, NPK (15/8/12, 
Basacote® Plus) supplemented with micronutrients, at 1 kg m3 in 
the summer and 3 kg m3 in winter. The substrate presented a C/N 
ratio in the 20-45 range.  

Substrate components were blended for 20 min, and then water 
(20 to 30 L) were added. The substrate was placed in 55 m3 plastic 
tubes. The bases of the cuttings (1 cm) were dipped in CaSO4 solu-
tions and then planted. Cuttings were transferred to the green-
house, where they remained for 23 days at 25 - 30°C and relative 
humidity above 75%, by nebulizers. Water management was car-
ried out according to the need for irrigation, controlling water 
saturation of the substrate. There was no need for chemical pest 
control because of contamination by pathogens was eliminated by 
the use of carefully controlled materials. After growth in the green-
house, cuttings were moved to a shade house, where they stayed 
20 days for acclimatization. Fertilization composed of macro and 
micronutrients was applied daily, according to cutting growth and 
season. After this period, the seedlings were transferred to the full 
sun area for other 50 days. Then, tray randomization was per-
formed in order to ensure that seedling plants were chosen for 
independent analysis.  

After 15-30 days of growth, a hardening fertilization was per-
formed in which the frequency and volume of irrigation were 
reduced. 
 
 
Seedling evaluation  
 
Among the 48 seedlings comprising each experimental unit, 28 
plant seedlings were evaluated. Periodically, at 30, 60 and 90 days, 
seedling height and diameter were measured and survival percen-
tage was evaluated. Then, a destructive evaluation was performed 
in 20 plants, for the determination of rooting percentage, number of 
roots per cutting, and the average length of roots, by averaging the 
longest roots of each repetition.  
 
 
Determination of polyamines 
 
Polyamine content was determined according to the method 
proposed by Flores and Galston (1982), modified by Lima et al. 
(2008). Briefly, leaves and roots (0.2 g) were homogenized in 5% 
HClO4 (3 mL). Supernatants (200 µl), saturated calcium carbonate 
(200 µL), and dansyl chloride (400 µL), were added in test tubes, 
and left 16 h in the dark at room temperature. After this period, 
proline (100 µL) was added. Toluene (500 µL) was used to extract 
dansylated polyamines. Toluene soluble extracts were applied to 
glass plates, coated with G60 silica gel for thin layer chromate-
graphy (TLC). For polyamine separation, chloroform-triethylamine 
(20:1, v/v) was used as solvent, and the run was monitored by UV 
light. After approximately 1 h, TLC plates were removed from the 
solvent solution and dried under air circulation. Polyamines were 
determined by fluorescence densitometry against standards and 
results were expressed as mg polyamines (spermidine, spermine 
and putrescine) g-1 fresh weight. 
 
 
Determination of polyamine oxidase activity 
 
Polyamine oxidase activity was determined according to the 
method reported by Stevanato et al. (1990). Leaves and root samples 
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of E. grandis x E. urophylla (approximately 50 mg) were assayed in 
20 mM Hepes buffer, pH 7.0. The reaction was performed at 30°C 
and followed for 7 min in a spectrophotometer (Cary 50, Varian, 
The Netherlands) at 555 nm. The results were expressed in ΔAbs 
min-1 g-1 fresh matter. 
 
 
Statistical analysis 
 
Experimental data were subjected to analysis of variance (ANOVA) 
and Tukey test (p<0.05). 
 
 
RESULTS AND DISCUSSION 
 
Effect of quercetin and IBA on cutting growth 
 
Data obtained from the destructive evaluation of cuttings, 
such as rooting, root number and length, did not show 
statistically significant differences between treatments 
(Table 1). As well, regarding the effect of quercetin and 
IBA on plant height, diameter and survival percentage, 
measured at 30, 60 and 90 days after planting, the F 
interaction (time x quercetin x IBA) was not significantly 
different among treatments (Table 2 and Figure 1). For all 
treatments a high growth in height and diameter, high 
rooting and survival, including controls (Tables 1 and 2), 
were observed.  

We concluded that other factors, such as environment, 
genetic material and nutrition and water conditions of 
donor plants, were the most important influencing factors 
on seedling development and rooting growth, than the 
application of auxin and quercetin. Other studies found 
that rooting can be influenced by injuries, hormonal 
balance, genetic constitution, presence of inhibitors and 
nutrition and water conditions of donor plant (Alfenas et 
al., 2004), and cutting development can be strongly 
influenced by the maturation/juvenility of seedlings and 
environmental conditions (Xavier et al., 2009). 
Conversely, positive results on seedling growth, related 
to flavonoids and IBA treatment, were observed in other 
studies. In clones of Eucalyptus benthamii Maiden & 
Cambage dunnii Maiden x Eucalyptus, the application of 
IBA positively influenced the processes of cutting 
rizogenesis, the rate of root formation and an increase of 
adventitious rooting (Brondani et al., 2012). 

Flavonoids like quercetin, kaempferol, apigenin and 
other molecules, synthesized in the first process of the 
flavonoid biosynthetic pathway, demonstrated the ability 
to inhibit polar auxin transport and thereby increase the 
accumulation of auxin in plants (Peer and Murphy, 2007). 
In yerba mate (Ilex paraguariensis), the exogenous 
application of quercetin resulted in an increase of rooting 
percentage of 17 to 55% (Tarragó et al., 2005). 
 
 
Effect of hydrogen peroxide and IBA on cutting 
growth and rooting 
 
No statistically significant differences were observed
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Table 1. Effect of different doses of quercetin (0, 0.25, 0.5, 1.0 g kg-1) and indole butyric acid (0, 1.0 g kg-1) on cutting height and diameter 
and survival percentage, measured at 30, 60 and 90 days after planting of Eucalyptus grandis x Eucalyptus urophylla cuttings. 
 

Quercetin 

Height (cm) Diameter (cm) Survival percentage (%) 

IBA (g kg-1) 

0 1.0 0 1.0 0 1.0 

Quercetin (g kg-1) 30 days 
0 7.78 ± 0.34 7.61 ± 0.56 1.10 ± 0.06 1.23 ± 0.17 89.29 ± 7.58 90.00 ± 8.89 

0.25 7.81 ± 0.59 7.89 ± 0.19 1.23 ± 0.17 1.17 ± 0.08 91.43 ± 6.96 88.57 ± 10.53 
0.5 7.83 ± 0.30 6.99 ± 0.80 1.21 ± 0.18 1.15 ± 0.08 92.86 ± 6.19 83.57 ± 8.49 
1.0 7.57 ± 0.29 7.41 ± 0.19 1.27 ± 0.16 1.21 ± 0.14 93.57 ± 6.39 95.00 ± 4.07 

  

Quercetin (g kg-1) 60 days 
0 12.89 ± 1.04 13.11 ± 0.95 1.67 ± 0.16 1.79 ± 0.06 88.57 ± 8.89 90.00 ± 8.89 

0.25 12.34 ± 1.73 15.15 ± 1.40 1.69 ± 0.19 1.82 ± 0.11 90.71 ± 5.98 88.57 ± 10.53 
0.5 13.62 ± 1.49 13.51 ± 1.22 1.75 ± 0.15 1.83 ± 0.15 92.14 ± 5.87 83.57 ± 8.49 
1.0 12.28 ± 1.43 13.10 ± 1.75 1.73 ± 0.15 1.74 ± 0.11 92.04 ± 6.02 93.57 ± 6.87 

  

Quercetin (g kg-1) 90 days 
0 21.87 ± 1.03 22.55 ± 0.56 2.14 ± 0.09 2.25 ± 0.08 88.57 ± 8.89 89.29 ± 8.38 

0.25 21.48 ± 2.33 24.05 ± 1.27 2.12 ± 0.14 2.35 ± 0.15 90.71 ± 5.98 88.57 ± 10.53 
0.5 23.65 ± 2.18 22.70 ± 0.43 2.23 ± 0.09 2.26 ± 0.08 92.14 ± 5.87 83.57 ± 8.49 
1.0 21.60 ± 2.32 22.50 ± 2.97 2.15 ± 0.15 2.26 ± 0.14 91.43 ± 5.42 93.57 ± 6.87 
F 0.20 0.10 0.83 

 
 
 

Table 2. Effect of hydrogen peroxide (0, 1.75, 3.5, 7.0 %, v/v) and indole butyric acid (0, 1.0  g kg-1) on height (cm), diameter (cm) and 
survival percentage, of Eucalyptus grandis x Eucalyptus urophylla cuttings, measured at 30, 60 and 90 days after planting. 
 

Hydrogen 
peroxide 

Height (cm) Diameter (cm) Survival percentage (%) 

IBA (g kg-1) 

0 1.0 0 1.0 0 1.0 
  

H2O2 (%) 30 days 
0 7.18 ±  0.37 7.71 ± 0.40 1.16 ± 0.04 1.22 ± 0.07 92.86 ± 8.38 93.57 ± 7.74 

1.75 8.03 ±  0.55 8.06 ± 0.77 1.28 ± 0.20 1.33 ± 0.22 95.00 ± 7.41 95.00 ± 5.42 
3.5 7.61 ±  0.39 7.84 ± 0.81 1.24 ± 0.14 1.23 ± 0.10 97.14 ± 2.99 94.29 ± 4.07 
7 7.61 ±  0.53 7.45 ± 0.30 1.22 ± 0.07 1.20 ± 0.13 95.00 ± 5.98 95.71 ± 3.91 

  

H2O2 (%) 60 days 
0 13.93 ± 1.58 14.73 ± 1.14 1.76 ± 0.14 1.84 ± 0.07 92.86 ± 8.38 93.57 ± 7.74 

1.75 15.19 ± 2.03 14.60 ± 0.94 1.86 ± 0.10 1.84 ± 0.11 95.00 ± 7.41 95.00 ± 5.42 
3.5 14.09 ± 1.48 14.88 ± 1.63 1.81 ± 0.09 1.89 ± 0.10 95.71 ± 2.99 93.57 ± 3.91 
7 13.98 ± 1.63 14.13 ± 1.52 1.77 ± 0.12 1.81 ± 0.09 93.57 ± 6.39 94.29 ± 6.96 

  

H2O2 (%) 90 days 
0 24.22 ± 2.20 26.64 ± 1.47 2.25 ± 0.14 2.22 ± 0.08 92.86 ± 8.38 92.86 ± 7.14 

1.75 25.52 ± 3.04 25.38 ± 1.08 2.33 ± 0.17 2.25 ± 0.13 95.00 ± 7.41 93.57 ± 6.87 
3.5 23.72 ± 1.78 25.95 ± 1.60 2.17 ± 0.13 2.29 ± 0.13 95.71 ± 2.99 90.71 ± 6.96 
7 24.89 ± 1.54 26.22 ± 1.04 2.22 ± 0.15 2.25 ± 0.06 93.57 ± 6.39 92.86 ± 6.96 
F 0.90 0.49 0.88 

 
 
 

among treatments for the measured parameters, from the 
destructive evaluation of samples, such as rooting, root 
number and length (Table 3). Regarding treatments with 
H2O2 and IBA on periodically measured parameters, 

cutting height, diameter and percentage of survival, the F 
interaction (time x hydrogen peroxide x auxin) were, as 
well, not significantly different among treatments (Table 
4). 



Prado et al.          2823 
 
 
 

(a) 

(b) 

(c) 
 

 
Figure 1. Effect of different doses of quercetin (0, 0.25, 0.5, 1.0 
g kg-1) and indole butyric acid (0, 1.0 g kg-1) on (a) rooting 
percentage (%), (b) root length (cm) and (c) root number, 
measured at 90 days after planting of Eucalyptus grandis x 
Eucalyptus urophylla cuttings. 

 
 
 

In the evaluation of E. grandis x E. urophylla samples, for 
all treatments, all measured parameters showed satis-
factory results, including controls, and we may infer that 
other factors, such as environmental conditions, genetic 
features, and care in cutting handling were decisive for 
seedling development. Some authors claimed that the 
presence of hydrogen peroxide can affect the growth and 
differentiation of roots (Dunand et al., 2007; Sebastiani 
and Tognetti, 2004). In olive cuttings (Olea europaea L.), 

at the end of the rooting period (88th day), roots number 
increased by 3.5% with H2O2 treatment in comparison to 
IBA treatment alone  (3.40 versus 1.95 roots per cutting 
at 4.0 g kg-1 IBA and 1.80 versus 1.08 roots per cutting at 
2.0 g kg-1 IBA) (Sebastiani et al., 2002). However, our 
results showed no changes in rooting according to the 
levels of peroxide. Probably, other factors, such as gene-
tic and environmental conditions may influence the deve-
lopment of E. grandis x urophylla samples, and no appa-
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Table 3. Effect of the addition of quercetin (0.5 g kg-1), associated with hydrogen peroxide (3.5 %), and indole butyric acid (1.0 g kg-1) on 
seedling height (cm), diameter (cm) and survival percentage, measured at 30, 60 and 90 days after planting of Eucalyptus grandis x 
Eucalyptus urophylla cuttings. 
 

Quercetin + hydrogen 
peroxide 

Height (cm) Diameter (cm) Survival (%) 

IBA (gkg-1) 

 0 1.0 0 1.0 0 1.0 
  

Quercetin (g kg-1) + H2O2 (%) 30 days 
0.0 + 0.0 7.09 ± 0.39 7.15 ± 0.36 0.83 ± 0.12 0.85 ± 0.07 90.71 ± 4.07 90.71 ± 5.42 
0.5 + 3.5 7.60 ± 0.52 7.03 ± 0.41 0.87 ± 0.07 0.84 ± 0.07 85.71 ± 4.37 90.00 ± 8.89 
  

Quercetin (g kg-1) + H2O2 (%) 60 days 
0.0 + 0.0 11.59 ±  0.73 11.97 ± 1.32 1.62 ± 0.06 1.71 ± 0.07 76.43 ± 11.18 75.71 ± 7.32 
0.5 + 3.5 12.63 ± 1.57 11.99 ± 0.77 1.62 ± 0.18 1.64 ± 0.09 72.86 ± 7.41 72.14 ± 5.30 
  

Quercetina (g kg-1) + H2O2 (%) 90 days 
0.0 + 0.0 16.28 ± 0.78 16.84 ± 1.81 1.94 ± 0.13 2.04 ± 0.13 71.43 ± 7.58 71.43 ± 6.68 
0.5 + 3.5 18.15 ± 2.35 17.05 ± 0.71 2.13 ± 0.18 2.01 ± 0.12 72.14 ± 9.24 70.00 ± 6.49 
F 0.59 0.28 0.78 

 
 
 
Table 4. Content of polyamines (putrescine, spermidine and spermine, expressed in µg g-1 fresh tissue) in leaves and roots of Eucalyptus 
grandis x Eucalyptus urophylla seedlings treated with different combinations of hydrogen peroxide (3.5 %), quercetin (0.5 g kg-1) and indole 
butyric acid (1.0 g kg-1). 
 

Leaf 
and 
root 

Quercetin + 
hydrogen 
peroxide 

Putrescine Spermidine Spermine 
Polyamine ratio  
Put/(Spd+Spm) 

IBA (g kg-1) 

 H2O2 (%) + 
quercetin (g kg-1) 

0 1.0 0 1.0 0 1.0 0 
0.0  

Leaves 

0.0 + 0.0 5.57 ± 0.45 5.33 ± 0.31 5.68 ± 0.05 bA
8.17 ± 0.18 

aB 
8.87 ± 0.53 aA 

9.09± 0.60 
aA 

0.38 
0.31 

3.5 + 0.5 6.13 ± 0.39 6.13 ± 0.64 3.79 ± 0.14 bB
8.90 ± 0.62 

aA 
9.21 ± 1.45 aA 

6.43± 0.17 
bB 

0.47 
0.40 

CV (%) 8.02 4.98 9.91  
         

Roots 

0.0 + 0.0 
7.29 ± 0.33 

aA 
4.99 ± 1.03 

bA 
6.66 ± 0.65 2.94 ± 0.23 13.38 ± 0.59 

12.94 ± 
0.73 

0.36 
0.31 

3.5 + 0.5 
1.66 ± 0.43 

bB 
4.41 ± 1.28 

aA 
6.98 ± 1.31 2.69 ± 0.44 16.16 ± 1.64 

13.68 ± 
0.18 

0.07 
0.29 

CV (%) 18.83 21.42 6.76  
 

*Lowercase letters compare means between treatments with indole butyric acid. Capital letters compare levels of hydrogen peroxide between each 
concentration of auxin. Means followed by the same letter are not statistically different by the Tukey test at 5% probability 
 
 
 

rent effect was noticed with the applied substances 
(Figure 2). 
 
 

Effect of quercetin, hydrogen peroxide and IBA on 
development of Eucalyptus cuttings 
 

An important reduction of the percentage of survival at 30 
and 60 days after planting was observed (Table 2), which 
was attributed to the moving of seedlings from the 
shaded house to the full sun for hardening and acclima-
tization, occurring in May, characterized by the reduction 

of daily light and temperature, which hindered the esta-
blishment of seedlings. At the same time a low develop-
ment of seedling height, diameter, root length and num-
ber was observed, when compared to previous experi-
ments. This effect could be attributed to the different 
period during the year: the first two experiments were 
carried out from October to the end of December, while 
the second experiment was performed in March, ending 
in May. The last one has fewer daily light hours, and 
lower temperature and rainfall, which may have hampered 
the development of the seedlings. Despite these lower 
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a 

b 

c 
 

 
Figure 2. Effect of hydrogen peroxide (0, 1.75, 3.5, 7.0%, v/v) and 
indole butyric acid (0, 1.0 g kg-1) on (a) root formation (%), (b) root 
length (cm) and (c) root number, measured at 90 days after 
planting of Eucalyptus grandis x Eucalyptus urophylla cuttings. 

 
 
 

results, biometric variables during experiments showed a 
good performance, which emphasizes the influence of 
genetic factor for successful planting. The doses of auxin 
and quercetin, associated with hydrogen peroxide, and 
their combinations, showed no influence on sample deve-
lopment. In other studies, positive results were found. An 
effect of IBA on rooting of hardwood cuttings of several 
species, such as fig (Ficus carica) (Pio et al., 2003) and 

blueberry (Vaccinium ashei) (Vignolo et al., 2012) has 
been reported. The application of quercetin increased 
rooting rate of 17 to 55% in yerba mate (Tarrago et al., 
2005). Hydrogen peroxide has also been described as 
effective in root forming in cuttings of olive (Olea 
europaea L.), favoring both the formation of roots and 
increasing the number of roots per cutting (Sebastiani 
and Tognetti, 2004) (Figure 3). 
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Figure 3. Effect of the addition of quercetin (0.5 g kg-1), 
associated with hydrogen peroxide (3.5 %), and indole butyric 
acid (1.0 g kg-1) on (a) root formation (%), (b) root length (cm) and 
(c) root number, measured at 90 days after planting of Eucalyptus 
grandis x Eucalyptus urophylla cuttings  

 
 
 

Biochemical assessments 
 
In the present study, no effect on rooting and develop-
ment of Eucalyptus seedlings were observed, thus chan-
ges found in the levels of polyamines and in their oxi-
dation enzymes should be due to the effect of substances 
used during the treatments. No interaction effects (que-
rcetin x auxin x hydrogen peroxide) were observed on the 
diamine putrescine (Put) in leaves, thus the effects of the 

factors were separated (Figures 4A and 4B). An increase 
in the content of putrescine in cuttings treated with 
quercetin, associated with H2O2, was observed (Figure 
4B). Similar results were found for spermidine (Spd), 
either in the presence or absence of IBA, whereas 
decreased levels of spermine (Spm) were determined in 
the presence of a combination of IBA, hydrogen peroxide 
and quercetin (Table 4). 

A reduction in the levels of putrescine, compared to
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Figure 4. Content of putrescine in leaves (A and B), spermidine (C and D) and spermine (E and F) in roots of 
seedlings of Eucalyptus grandis x Eucalyptus urophylla treated with different combinations of hydrogen peroxide 
(3.5%), quercetin (0.5 g kg-1) and indol butyric acid (1.0 g kg-1). 

 
 
 
controls, was observed in roots for all treated samples 
(Table 4). The polyamines spermidine and spermine 
showed no interaction among used substances. The 
levels of both polyamines were reduced by the action of 
IBA (Figures 4C and 4D). The combination of hydrogen 
peroxide and quercetin did not alter the levels of sper-
midine (Figure 4D) and caused an increase of spermine 
content (Figure 4F). According to Su et al. (2006), the 
levels of agmatine (Agm), spermidine and spermine are 
positively related to root development, while the content 
of putrescine has a neutral or negative effect. Since all 
parameters related to growth and development were 
considered as satisfactory, it is possible that the clone 
used in the present report provided sufficient levels of 
polyamines, or that these plants are not responsive to 
treatments used due to insufficient levels of polyamines.  

It has been reported that these substances are directly 
correlated with some specific phases of cell division 

(Chattopadhyay et al., 2002). The lower concentration of 
polyamines in roots treated with quercetin, hydrogen 
peroxide and IBA (Table 4) than controls, may be related 
to a diminished capacity to synthesize putrescine, or 
alternatively, to the increased activity of polyamine 
oxidase (PAO), as documented (Table 5). This last result, 
evidencing a high catabolism of putrescine, was already 
described in young roots (Paschalidis and Roubelakis-
Angelakis, 2005). 

Generally, in old tissues, a decrease in level of auxin is 
negatively correlated with the activity of amino oxidases 
(Cona et al., 2003). Thus, clones treated with auxin would 
present higher levels of polyamines and lower activities of 
PAOs. In the present study, no differences due to the 
addition of IBA on leaves were found. We observed a 
different effect in roots: i.e., the combined treatment with 
hydrogen peroxide, quercetin and auxin induced a 
decrease of the activity of polyamine oxidase. With a
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Table 5. Polyamine oxidase activity (expressed as ΔAbs min-1g-1fresh weight) in leaves and roots of Eucalyptus grandis x 
Eucalyptus urophylla seedlings treated with different combinations of hydrogen peroxide (3.5 %), quercetin (0.5 g kg-1) and 
indole butyric acid (1.0 g kg-1). 
 

Parameter Quercetin + hydrogen peroxide 
Polyamine oxidase activity 

IBA (g kg-1) 

 H2O2 (%); Quercetin (g kg-1) 0 1.0 

Leaves 
0.0 + 0.0 2.08 ± 0.15 2,37 ± 0,42 
3.5 + 0.5 2.38 ± 0.20 2,38 ± 0,40 
CV (%) 13.79 

    

Roots 
0.0 + 0.0 0.82 ± 0.06 aA 0,91 ± 0,13 aA 
3.5 + 0.5 0.87 ± 0.11 aA 0,71 ± 0,03 bB 
CV (%) 10.96 

 

*Lowercase letters compare means between treatments with indole butyric acid. Capital letters compare levels of hydrogen peroxide 
between each concentration of auxin. Means followed by the same letter are not statistically different by the Tukey test at 5% 
probability. 

 
 
 
concomitant increase of putrescine content, which can 
also be observed from the value of polyamine ratio 
(Put/(Spd + Spm) = 0.29) (Table 4). 

No statistically significant differences were found in the 
activity of polyamine oxidase in leaves (Table 5). Dif-
ferently, in roots of Eucalyptus seedlings, the activity of 
PAO was reduced upon treatment with quercetin alone 
and associated with IBA and hydrogen peroxide. Several 
reports showed the involvement of PAO on organism 
development and stress responses (Moschou et al., 
2013).  

Polyamine oxidases are responsible for the degra-
dation of polyamines, which in turn influence different 
aspects of root development, such as an increased meri-
stematic activity, leading to root elongation, lateral and 
adventitious root formation (Couee et al., 2004). How-
ever, this effect cannot be ascribed in the present study, 
since no alterations were observed with treatments. 
Generally, a low rate of polyamine catabolism occurs in 
young and growing leaves, as well as in apices 
(Paschalidis and Roubelakis-Angelakis, 2005). The 
lowest PAO activity was found in roots treated with hydro-
gen peroxide + IBA + quercetin, and it can be attributed 
to the presence of auxin, because low levels of this 
regulator have been associated with the expression of 
genes which induce the formation of PAO (Chen et al., 
2001). 
 
 

Conclusion 
 

Cuttings of a clone (CL1) from E. grandis x Eucalyptus 
urophylla were treated with hydrogen peroxide in combi-
nation with quercetin or with indole butyric acid, and 
rooting and developmental parameters were evaluated. 
The clone was unresponsive to treatments used in rela-
tion to seedling height, diameter, survival, rooting per-
centage, root length and number of roots per cutting. 
Treatments induced a decrease of the levels of putre-

scine and of the activity of PAO in roots. The absence of 
positive responses, the use of these substances as a 
treatment to improve seedling production is economically 
unviable. We suggest that in a future a research focusing 
on other bioactive ingredients. 
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