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Indolebutyric acid on rooting of peach hardwood cuttings

Ácido indolbutírico no enraizamento de estacas lenhosas de 
pessegueiros

João Alison Alves Oliveira1*; Cláudio Horst Bruckner2; Danielle Fabíola Pereira 
da Silva3; Carlos Eduardo Magalhães dos Santos2; Flávio Travassos Régis de 

Albuquerque Filho4; Hugo Tiago Ribeiro Amaro5  

Abstract

In the search for more efficient techniques for the propagation of peach cuttings, this study aimed to 
evaluate the rooting of hardwood cuttings of peach rootstock genotypes under different indolebutyric 
acid (IBA) concentrations. In the winter of 2016, the basal end of cuttings of genotypes 1701-1, 1701-2, 
102-1, 102-2, 202-1 and ‘Okinawa’ were dipped into solutions with five concentrations of IBA (0, 1000, 
2000, 3000 and 4000 mg L-1) for 5 seconds. The cuttings were then placed in sand in plastic trays and 
kept in a mist chamber. The experiment was arranged in a 6x5 factorial, completely randomized design, 
with 5 replications, and each plot consisted of eight cuttings. After 59 days, the variables related to 
rooting and root quality were evaluated. Genotypes 102-1 and 202-1 showed high adventitious rooting 
potential in hardwood cuttings, with 76.8 and 66.5% of rooting, respectively. The concentration of 2000 
mg.L-1 of IBA acid can be recommended for the treatment of hardwood cuttings of the tested rootstocks 
for propagation in the winter.
Key words: Prunus persica. Roots. Vegetative propagation.

Resumo

Buscando técnicas mais eficientes na propagação de mudas de pessegueiro, desenvolveu-se este 
trabalho com o objetivo de avaliar o enraizamento de estacas lenhosas de genótipos de porta-enxerto de 
pessegueiro submetidos a diferentes concentrações de ácido indolbutírico (AIB). No inverno de 2016, as 
estacas dos genótipos 1701-1, 1701-2, 102-1, 102-2, 202-1 e do porta-enxerto ‘Okinawa’ foram tratadas 
por imersão da base por cinco segundos em cinco doses de AIB (0, 1.000, 2.000, 3.000 e 4.000 mg L-1). 
A estaquia foi realizada em caixas plásticas contendo areia, em câmara de nebulização. O delineamento 
experimental foi o inteiramente casualizado, com 5 repetições em arranjo fatorial 6x5, sendo cada 
parcela composta por oito estacas. Transcorridos 59 após implantação do experimento, foram avaliadas 
variáveis relativas ao enraizamento e à qualidade das raízes. Os genótipos 102-1 e 202-1 apresentam 
alto potencial de enraizamento adventício em estacas lenhosas, com enraizamento de 76,8 e 66,5%, 
respectivamente. O ácido indolbutírico, na concentração de 2.000 mg.L-1, pode ser recomendado para o 
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tratamento de estacas lenhosas dos porta-enxertos testados, para estaquia no inverno.
Palavras-chave: Prunus pérsica. Raízes. Propagação vegetativa.

In Brazil, peach cultivars are propagated by 
grafting on seedling rootstocks, from seeds obtained 
as by-products of fruit-processing industry. The use 
of this type of plant material results in rootstocks 
without ensuring genetic identity, which causes 
problems such as plant non-uniformity in orchards 
and different reactions of plants to soil pathogens 
and abiotic stresses (FACHINELLO et al., 2005; 
PICOLOTTO et al., 2010; TIMM et al., 2015). In the 
southeastern region of Brazil, the cultivar Okinawa 
predominates, which is resistant to nematodes of the 
genus Meloidogyne and propagated by seeds.

Several studies have confirmed the importance 
of rootstock selection due to its influence on plant 
vigor, fruit quality and orchard yield (GULLO 
et al., 2014; MARRA et al., 2013). The use of 
genetically improved rootstocks demands changes 
in the propagation system. Vegetative propagation 
maintains a genetic identity of selected rootstocks, 
while seed propagation generates segregation and 
consequently non-uniformity. Research to improve 
the system of obtaining peach rootstocks have 
been carried out (BRUCKNER; DEJONG, 2014; 
FORCADA et al., 2012), as well as using vegetative 
propagation by cutting as an alternative (CARDOSO 
et al., 2011; MAYER et al., 2014).

The production of fruit trees by cuttings is a 
widely used method and has some advantages 
in relation to grafting such as ease of execution, 
low cost, rapid clone production and descendants 
with the same characteristics of the mother plant 
(HARTMANN et al., 2011). However, cutting 
propagation of peach trees in Brazil is limited by the 
lack of efficient and safe rooting techniques for our 
cultivars, therefore, justifying the need for further 
studies.

Cuttings are usually treated with auxin to 
improve the efficiency of the cutting propagation. 
The most used product is indolebutyric acid (IBA), 

which is applied by dipping the basal end of the 
cuttings (HARTMANN et al., 2011). The optimal 
concentration, however, is variable and dependent 
on the other external factors, as well as on the 
physiological status of the mother plant (AGUIAR 
et al., 2005; CARDOSO et al., 2011). Mayer et 
al. (2014) obtained higher root rooting and root 
lengths of softwood cuttings of cultivars ‘Okinawa’, 
‘Tsukuba-1’, and ‘Tsukuba-2’ using 6000 mg L-1 
IBA.

The objective of this work was to evaluate 
the rooting of hardwood cuttings of peach 
rootstock genotypes treated with different doses of 
indolebutyric acid (IBA).

The experiment was conducted in June 2016, 
in an intermittent mist chamber at the Teaching, 
Research and Extension Unit of the Federal 
University of Viçosa (20°45’26’’ South Latitude 
and 42°52’08 ‘’ West Longitude), elevation of 648 
m.

Hardwood cuttings of six peach rootstock 
genotypes were collected during the winter from 
branches of mother plants from the collection 
of the Peach Tree Improvement Program, at the 
Experimental Orchard, UFV, Campus Viçosa.

After collection and identification, the branches 
were placed in plastic buckets with water depth 
of about 5 cm, and then they were taken to an 
intermittent mist chamber to avoid dehydration of 
the leaves during the preparation of the cuttings. 
Cuttings were 15 cm in length and 8 mm of average 
diameter, cut straight at the base and the apex cut 
just above an auxiliary bud. Then, two opposite 
lesions (± 3 cm) were cut at the base of the cutting 
to expose the vascular cambium.

The basal ends of cuttings were dipped into 
hydro-alcoholic solutions with five concentrations 
of IBA (98.7%, NEON) (0, 1000, 2000, 3000 and 
4000 mg L-1) for 5 seconds. The cuttings were then 
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placed in (36.5 x 26.5 x 9.5 cm) perforated plastic 
trays containing sand, at 4 to 5 cm depth. The 
boxes were kept under intermittent mist spraying 
programmed for every 5 minutes for 10 seconds, 
only operating in daytime. The nozzle tip (Mist 
Nozzle Dan Sprinkles, Israel) operated at flow 
rate of 35 L/hour. The greenhouse is covered with 
polyethylene film and sides with anti-aphid screen.

The experiment was arranged in a 6x5 factorial, 
completely randomized design, with five replications 
(6 rootstocks and 5 IBA doses), each plot consisting 
of eight cuttings. Five rootstock genotypes of the 
UFV Peach Breeding Program were tested: 1701-
1, 1701-2, 102-1, 102-2 and 202-1, as well as the 
‘Okinawa’ rootstock (Table 1).

Table 1. Genealogy of peach genotypes evaluated.

Genotypes Genealogy
1701-1 Talismã1 x Adafuel2

1701-2 Talismã x Adafuel
102-1 Okinawa x Felinem3

102-2 Okinawa x Felinem
202-1 Okinawa x Monegro3

Okinawa4

1 Prunus persica – RIGITANO (1964); 2 P. dulcis x P. persica (CAMBRA, 1990); 3 P. dulcis x P. persica (FELIPE, 2009), 4 Prunus 
persica.

After 59 days of the experiment installation, the 
following variables were evaluated: rooted cuttings 
(% of cuttings with at least one root); number of 
roots per cutting (only roots that originated directly 
from the cutting); length of roots per cutting (cm), 
leaf number, weight of fresh matter of root and 
shoot.

Data were examined by analysis of variance, 
and dose effects were tested and fitted to regression 
equations. The models were chosen based on 
the significance of the regression coefficients, 
using a 5% probability test, on the coefficient of 
determination (R2), and on the potential to explain 
the biological phenomenon. Pearson correlations 
between variables were also performed using the 
GENES statistical program (CRUZ, 2016).

The genotypes showed different potential for 
growing adventitious roots, with differences in all 
studied variables (Figure 1 and 2). The ability of a 
cutting to root depends on endogenous factors, also 
the environmental conditions provided to rooting 
(TIMM et al., 2015).

The percentage of rooted cuttings of the six 
genotypes fitted the quadratic model, as a function 
of the IBA concentration levels (Figure 1A). The 
maximum efficiency points ranged from 1829 mg 
L-1 (‘Okinawa’) to 2410 mg L-1 (1701-2) IBA. 
These results agree with reports in the literature 
(FACHINELLO et al., 2005), in which the optimal 
IBA dose for peach tree cuttings is between 2000 
and 4000 mg.L-1. The rootstocks 102-1 and 202-
1 had the highest rooting rates (76.8 and 66.5%, 
respectively). The lowest rooting rates were recorded 
for genotypes 1701-1 and 1701-2 (30.6 and 31.2%, 
respectively). Hartmann et al. (2011) consider 
economically acceptable rooting percentages 
starting from 50%. Cardoso et al. (2011) classified 
as successful rooting percentages between 58 and 
68% for ‘Okinawa’ semi-hardwood cuttings carried 
out in April, Londrina-PR.

The mean root size also fitted the quadratic 
model, as a function of the IBA concentrations, for 
the six genotypes evaluated (Figure 1B) and was 
considered high (ranging from 3.55 to 18.3 roots 
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per cutting). The highest values were observed for 
the genotypes 102-1 (18.3 roots) and 202-1 (14.3 
roots), at the concentrations of 2140 and 2000 mg 
L-1 of IBA, respectively. These results are much 
higher than those found by Cardoso et al. (2011) and 
Mayer et al. (2014) in ‘Okinawa’ softwood cuttings, 
with results between 1.82 and 4.3 roots per cutting. 
According to Osterc et al. (2009), the number of 
roots depend on the physiological characteristic 

of the cutting, since the more juvenile, the greater 
the possibilities of increasing the number of roots. 
However, in the present work, hardwood cuttings 
performed well for this characteristic. The number 
of roots is an important variable to be evaluated 
in the propagation by cutting because it is related 
to cutting survival after being removed from the 
rooting environment (MAYER et al., 2014).

Figure 1. Rooted cuttings (A), number of roots (B) number of leaves per cutting (C) of peach rootstocks genotypes 
treated with different doses of indolebutyric acid, Viçosa, MG, 2016.

found by Cardoso et al. (2011) and Mayer et al. (2014) in 'Okinawa' softwood cuttings, with results between 

1.82 and 4.3 roots per cutting. According to Osterc et al. (2009), the number of roots depend on the 

physiological characteristic of the cutting, since the more juvenile, the greater the possibilities of increasing 

the number of roots. However, in the present work, hardwood cuttings performed well for this characteristic. 

The number of roots is an important variable to be evaluated in the propagation by cutting because it is 

related to cutting survival after being removed from the rooting environment (MAYER et al., 2014). 

 

Figure 1. Rooted cuttings (A), number of roots (B) number of leaves per cutting (C) of peach rootstocks 
genotypes treated with different doses of indolebutyric acid, Viçosa, MG, 2016. 
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Y4: 102-2 Y5: 102-1 Y6: 'Okinawa'
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The rootstocks 102-1 and 202-1 showed, on 
average, rooting percentage and number of roots per 
cutting 62.1% and 127.8% higher than ‘Okinawa’, 
which is the most used by the producers in the 
Southeast region of Brazil. These results show the 
adventitious rooting potential of the genotypes 
selected by the UFV Peach Breeding Program.

The number of leaves per cutting showed a 
quadratic behavior, as a function of the IBA doses, 
for the rootstocks 102-1, 202-1 and Okinawa (Figure 
1C), with maximum numbers of 12.5; 9.6 and 8.3 
leaves per cutting at 1662, 1820 and 1471 mg L-1 of 
IBA, respectively. However, the genotypes 1701-1 
and 102-2 had linear behavior, reducing the number 
of leaves with the increase in IBA doses, which 
shows that there is an adequate dose of the growth 
regulator for each cultivar.

The average length of the five large roots had a 
quadratic behavior as a function of the IBA doses 
for all genotypes tested (Figure 2A). The points 
of maximum efficiency ranged from 1788 mg L-1 
(102-1) to 2620 mg L-1 (202-1) of IBA, with root 
lengths ranging from 4.62 cm (102-1) to 7.78 cm 
(202-1). Similar results were found by Mayer et 
al. (2014) and Cardoso et al. (2011) on softwood 
cuttings, after 60 and 108 days of IBA treatment, 
respectively. According to Hartmann et al. (2011), 
the differences between genotypes are possibly due 
to endogenous reserves in the cuttings, which is a 
phenomenon directly or indirectly controlled by 
genes. However, as it was observed by Tsipouridis 
et al. (2006), the content of reserves (sugars, starch 
and sucrose) in rootstocks and scions of peach varies 
according to the season of the year. The amount of 
reserves also influences the length of adventitious 
roots (AHMED; MOKHTAR, 2011).

In the production of cuttings in a commercial 
scale, growth of roots in greater number and 
greater length is the predominant factor in orchard 
formation, as a well-formed root system favors 
nutrient and water absorption, thus providing a better 
development of the trees in the field (CARDOSO 

et al., 2011; CARVALHO JUNIOR et al., 2009; 
HARTMANN et al., 2011).

Fresh matter weight of roots per cutting (RFM) 
increased with the increase in IBA doses up to 
certain ranges; thereafter, the weight decreased 
with the larger IBA doses in all genotypes (Figure 
2B). Maximum RFM ranged from 0.46 g (1701-
1) to 1.08 g (202-1) per cutting, with optimal IBA 
doses ranging from 1976 mg L-1 (102-1) to 2689 
mg L-1 (1701-2). Camolesi et al. (2007), in a study 
with semi-hardwood cuttings of ‘Okinawa’ peach, 
observed increase of volume and fresh mass of 
roots, due to the increase of IBA concentration. In 
the present study, we found RFM, on average, 191% 
higher than that reported by Aguiar et al. (2005) for 
semi-hardwood cuttings of ‘Okinawa’ peach 56 days 
after treating the cuttings with 2000 mg.L-1 of IBA. 
According to Dutra et al. (2002), the application of 
IBA to the cuttings affects both quantitatively and 
qualitatively the number of roots and the dry matter 
weight of the roots produced.

There were no significant differences for 
shoot fresh matter weight (SFW) among the IBA 
concentrations for genotype 1701-2 (Ŷ = 0.51 g). 
The SFW of rootstock 1701-1 decreased with the 
increasing doses of IBA. The other genotypes 
showed a quadratic behavior of this characteristic 
with the increase in the dose of the regulator (Figure 
2C). The rootstock 102-1 presented the best result, 
with a maximum weight of 0.98 g per cutting, at an 
optimal estimated dose of 1632 mg L-1 of IBA. This 
result can be explained by the higher number of 
leaves produced by the genotype 102-1 (12.5 leaves 
per cutting) (Figure 1C).

The benefits of IBA to the vegetative propagation 
of peach rootstocks such as increased rooting rates, 
length of the root system, root number per cutting, 
and fresh root weight have been reported by several 
authors (AGUIAR et al., 2005; CARDOSO et al., 
2011; MAYER et al., 2014). Similar results were 
found in the present study.
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Figure 2. Root length (A), fresh root weight (B) and fresh shoot weight (C) of hardwood cuttings of peach rootstocks 
genotypes treated with different doses of indolebutyric acid, Viçosa, MG, 2016.

The benefits of IBA to the vegetative propagation of peach rootstocks such as increased rooting 

rates, length of the root system, root number per cutting, and fresh root weight have been reported by several 

authors (AGUIAR et al., 2005; CARDOSO et al., 2011; MAYER et al., 2014). Similar results were found in 

the present study. 

 

Figure 2. Root length (A), fresh root weight (B) and fresh shoot weight (C) of hardwood cuttings of peach 
rootstocks genotypes treated with different doses of indolebutyric acid, Viçosa, MG, 2016. 
 

 
 

Positive correlations were found among the variables studied (Table 2). The correlations between the 

number and the mean length of roots and number of leaves stand out, which means, the larger the number 

and the mean length of the roots, the greater the number of leaves (Table 1). These variables are important 

Y1: 1701-1 Y2: 1701-2 Y3: 202-1

Y4: 102-2 Y5: 102-1 Y6: 'Okinawa'

Positive correlations were found among the 
variables studied (Table 2). The correlations 
between the number and the mean length of roots 
and number of leaves stand out, which means, the 
larger the number and the mean length of the roots, 
the greater the number of leaves (Table 1). These 

variables are important for rooting studies, because 
one should look for a certain condition or treatment 
that leads to their balance, as they are indicative of 
vigor and quality of the cuttings. Similar results 
were reported by Timm et al. (2015) for rooting of 
softwood mini-cuttings of peach rootstocks.
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Table 2. Correlation between the percentage of rooted cuttings (RC), number of roots per cutting (NR), number 
of leaves per cutting (LN), root length (RL), fresh root weight (FRW), and fresh shoot weight (FSW) of hardwood 
cuttings of six genotypes of peach rootstock treated with different concentrations of IBA, Viçosa, MG, 2016

Correlation RC NR LN RL FRW FSW
RC - 0.9895** 0.8412** 0.9182** 0.9635** 0.8487**
RN - 0.7903** 0.9276** 0.9756** 0.792**
LN - 0.5638* 0.7568** 0.9976**
RL - 0.9108** 0.5823*
FRW - 0.7513**
FSW -

Pearson Correlation Matrix

* p ≤ 0.05  ** p ≤ 0.01.

The use of woody branches for production of 
cuttings in early-winter provides satisfactory results 
for the propagation of the rootstocks 102-1, 202-1 
and ‘Okinawa’

IBA at a concentration of 2000 mg.L-1 can 
be recommended for the treatment of hardwood 
cuttings of the rootstocks tested, for cutting 
propagation in the winter.

The genotypes 102-1 and 202-1 have high 
adventitious rooting potential in hardwood cuttings.
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