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Abstract: For the propagation of guava seedlings to occur, it is necessary to address 
numerous factors, therefore, the objective was to verify the influence of the diam-
eter and type of cut on the base of ‘Pedro Sato’ guava tree cuttings. Experiment 
I: implemented in a 3 × 5 factorial scheme, consisting of three types of cut at the 
base of the cutting and five biostimulant concentrations (0, 5, 10, 15 and 20 g L-¹). 
Experiment II: implemented in a 2 × 5 factorial scheme, composed of two stem di-
ameters (D1: 3 - 3,99 mm; D2: 4 - 4,99 mm) combined with five biostimulant con-
centrations (0, 5, 10, 15 and 20 g L-¹), and both experiments were conducted in a 
completely randomized design, with 4 replicates of 10 cuttings per plot. Considering 
the above, it could be concluded that the use of biostimulant increases the rooting 
rate. Cut with the removal of lateral portions at the base of the cutting promotes 
greater mortality, while evidencing less increase in root length. In experiment II, it 
was found that cuttings with diameter between 4 and 4.99 mm show greater sur-
vival rate at concentrations of 0 and 5 g L-¹, while cuttings with diameter between 3 
and 3.99 mm have higher rooting rate at concentrations 0 and 5 g L-¹ but with high 
mortality rate at concentration of 5 g L-¹.

Index terms: stem diameter, mixed mineral fertilizer, Psidium, cut type.

Enraizamento de estacas de goiabeira 
‘Pedro Sato’ em função do diâmetro, 
tipos de cortes e tratamento com 
bioestimulante
Resumo: Para que a propagação de mudas de goiabeira ocorra, é necessária a abor-
dagem de inúmeros fatores; portanto, objetivou-se verificar a influência do diâme-
tro e do tipo de corte na base de estacas de goiabeira ‘Pedro Sato’, tratadas com 
bioestimulante, no processo rizogênico. Experimento I: implantado em esquema 
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Introduction
Guava (Psidium guajava L.) is a fruit from the 
Myrtaceae family of great importance, be-
ing among the 50 best-known edible tropical 
fruits worldwide and with commercial im-
portance in more than 50 countries, accord-
ing to economic data. Guava consumption 
has grown in several countries, in Brazil in 
2022, the harvested area was 22.630 hect-
ares, with production of 564.764 tons, a val-
ue higher than that obtained in 2021, with 
harvested area of 22.077 hectares and pro-
duction of 551.400 tons, showing production 
increment of 2.42%. In the national context, 
in 2022, the Northeastern region of Brazil 
had increase in production (281.524 tons), 
followed by the Southeastern (231.849 
tons), Southern (31.522 tons), Mid-Western 
(12.727 tons) and Northern regions (7.142 
tons) (IBGE, 2022).

The increase in guava production and con-
sumption, observed in economic data, is due 
to the expansion of cultivation in different 
regions, due to its pleasant taste, afford-
able prices and availability for a long peri-
od of time during the year, in addition to its 
consumption diversification (COSTA et al., 
2019a). But, currently, with the increasing 
demands of the consumer market for fruits 
of high commercial standard, the producer 

should use quality nursery plants, which are 
essential to obtain satisfactory production.

In this sense, increase in demand and pro-
duction of quality nursery plants has been 
observed (CESARIN et al., 2020), providing 
standardization and homogenization of or-
chards, which does not occur in orchards 
formed by seeds, because a seminiferous 
propagation is not a practice commercial-
ly used, due to the high heterogeneity of 
plants, as it favors non-uniformity in several 
characteristics of propagated plants (COSTA 
et al., 2019a), except when it is desired to 
obtain rootstocks for the grafting process. 
On the other hand, cuttings are a propaga-
tive method whose principle is the regener-
ation of tissues, which, under appropriate 
conditions, stimulate the adventitious rhizo-
genic process in detached segments of the 
mother plant, originating a new plant. This 
method is widely used in fruit growing, as it 
maintains the genetic characteristics of the 
mother plant, generating greater uniformity 
of orchards, increasing productivity, improv-
ing fruit quality, and requiring short period 
for the formation of nursery plants suitable 
for the field, also presenting ease of execu-
tion, not requiring very specialized labor, 
and reduced costs when compared to other 
techniques (KAREEM et al., 2016; COSTA et 
al., 2019a).

fatorial 3 × 5, composto por três tipos de corte na base das estacas, combinados com cinco 
concentrações do bioestimulante (0; 5; 10; 15; 20 g L-1). O experimento II: implantado em 
esquema fatorial 2 × 5, composto por duas classes de diâmetros de caule (D1: 3 a 3,99 mm; 
D2: 4 a 4,99 mm), combinados com cinco concentrações do bioestimulante (0; 5; 10; 15; 20 
g L-1), ambos em delineamento experimental inteiramente casualizado, com 4 repetições de 
10 estacas por parcela. Diante das avaliações realizadas, pode-se concluir que a utilização 
do bioestimulante aumenta o percentual de Enraizamento; o corte com retirada de porções 
laterais na base da estaca promove maior mortalidade e menor incremento no comprimen-
to de raiz; no experimento II, verificou-se que as estacas com diâmetro entre 4 e 4,99 mm 
propiciam maior sobrevivência nas concentrações de 0 e 5 g L-1, enquanto as estacas com 
diâmetro entre 3 e 3,99 mm têm maior percentual de enraizamento nas concentrações de 0 
e 5 g L-1, mas com um elevado percentual de mortalidade na concentração de 5 g L-1.

Termos para indexação: diâmetro de caule, fertilizante mineral misto, Psidium, tipo de 
lesão.
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However, for the propagation of guava cut-
tings, it is necessary to align numerous fac-
tors in addition to the propagation method. 
Among these, we can highlight the composi-
tion of substrates, types of cuttings (COSTA 
et al., 2019a), immersion times of the base 
of cuttings in biostimulants or plant growth 
regulators and their types and concentra-
tions (COSTA et al., 2019b), the diameter of 
cuttings, type of cut made at the base of cut-
tings and the concentration of elements that 
assist in the maintenance and development 
of the newly cloned plant.

Regarding the cut at the base of cuttings, it 
is possible to verify the importance of break-
ing the physical barrier exerted by scleren-
chyma rings, increasing the respiratory rate 
and the levels of auxin, carbohydrates and 
ethylene in the injured area, favoring the 
emission of adventitious roots (BASTOS et 
al., 2009; BETTONI et al., 2014) in addition 
to facilitating the contact of nutrients with 
the vascular tissue (DAMIANI, 2009). The di-
ameter of cuttings is a factor that can affect 
the survival and the rooting potential, and 
the ideal diameter varies according to the 
species and the nature of cuttings (FERREIRA 
et al., 2010). Cuttings with larger diameter 
have increased reserve storage capacity, 
thereby enhancing their ability to support 
and expedite the rooting process. In con-
trast, cuttings with larger diameter may have 
greater amount of lignified tissue, which can 
negatively impact the rhizogenic capacity 
(CAMPOS et al., 2017).

Recently, the use of biostimulants that fa-
vor the rhizogenic process has increased 
among researchers, as it is a way of using 
natural products to stimulate natural pro-
cesses, such as nutrient absorption and tol-
erance to abiotic stresses, unlike plant reg-
ulators that may contain synthetic elements 
in their composition, which do not always 
have the same field of action. Biostimulants 
act to increase the absorption of water and 
nutrients, and hormonal balance, which is 

part of the essential factors in the formation 
of nursery plants (OLIVEIRA et al., 2017). 
Radimaxi 20® is among the biostimulants 
available on the market, which has in its for-
mulation Ca (25.6%), S (1.8%), Zn (2.5%) and 
Co (1.5%), some of these being important as 
cofactors in the rhizogenic process, such as 
zinc (OLIVEIRA et al., 2010).

Given the importance of clonal propagation 
by cuttings in the formation of guava orchards 
and the influence of diameter, basal cut and 
biostimulants in obtaining new plants, the 
objective of this study was to verify the influ-
ence of these factors, as well as their interac-
tion for the rhizogenic process and formation 
of ‘Pedro Sato’ guava seedlings.

Material and Methods
Location and experimental design
Two experiments were conducted (ex-
periment I and II) between the months of 
February and May 2018, in greenhouse locat-
ed at the Department of Agronomy, Federal 
University of Viçosa (UFV), located in the mu-
nicipality of Viçosa, state of Minas Gerais (lat-
itude 20º 45 ‘14 “S, longitude 42º 52’ 55” W, 
with altitude of approximately 650m a.s.l.).

Both experiments were conducted in a com-
pletely randomized design, with 4 replicates 
of 10 cuttings per plot. Experiment I was im-
plemented in a 3 × 5 factorial scheme, con-
sisting of three types of cuts at the base of 
cuttings [Bevel cut (CB), bevel cut with 1 lat-
eral wound (CL1) and bevel cut with 2 lateral 
wounds (CL2)] and five Radimaxi 20® biostim-
ulant concentrations (0, 5, 10, 15 and 20 g L-¹). 
Experiment II was implemented in a 2 × 5 fac-
torial scheme, being composed of two stem 
diameters (D1: 3 - 3.99 mm; D2: 4 - 4.99 mm) 
combined with five biostimulant concentra-
tions (0, 5, 10, 15, and 20 g L-¹) only, with bev-
eled cut at the base. Radimaxi 20® biostim-
ulant was used in the form of mixed mineral 
fertilizer, presenting Ca (25.6%), S (1.8%), Zn 
(2.5%) and Co (1.5%) in its composition.
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Collection, preparation and treatment 
of cuttings
‘Pedro Sato’ guava cuttings were collected 
from 15-year-old mother plants, deriving of 
asexual propagation, belonging to the exper-
imental orchard. At the time of collection, 
mother plants were in condition of vegeta-
tive growth flow and with the last pruning 
carried out ± 80 days prior of the harvesting 
of shoots.

For experiments, semihardwood cuttings 
were collected from the middle part of lat-
eral branches, with eight pairs of leaves, 
wrapped in moistened paper and packed in 
plastic bags, forming a humid chamber, and 
then transported to the greenhouse.

In experiment I, cuts were made at the base 
of cuttings (bevel cut, bevel cut with 1 lateral 
wound and bevel cut with 2 lateral wounds), 
with diameter varying from 3 to 4.99 mm. 
However, the lateral cut had on average 2 
- 3 centimeters in length. In experiment II, 
cuttings were separated by diameter class 
according to the respective treatments (3 
to 3.99 mm / 4 to 4.99 mm) and a straight 
cut was made at the apex and bevel at the 
base. In both cases, cuttings remained with 
3 knots, with approximately 12 cm in length, 
with a pair of leaves at the apex kept with 
limbs reduced to half the total leaf length to 
maximize the physical space and reduce the 
transpiration rate (Figure 1).

Figure 1. Scheme of the conduction of experiments, from the collection of cuttings from mother 
plants, verification of diameters, cuts at the base until rooting.

After selecting the diameters and making 
cuts at the base of cuttings, plants were 
treated with polyvinylpyrrolidone solu-
tion (PVP) at concentration of 1 g L-1, for 10 
minutes. After immersion, cuttings were 
removed and allowed to drain for 1 min. 
Subsequently, 2 cm of the base of cuttings 
were immersed in Radimaxi 20® solution for 
10 seconds, according to the defined treat-
ments, and then two thirds of the length of 
cuttings were then staked in polyethylene 
bags containing washed sand and commer-

cial substrate (MecPlant®), at proportion 1:1 
(v/v). Biostimulant solutions were prepared 
by diluting Radimaxi 20® doses (5, 10, 15 and 
20 g L-¹) in 100 ml of alcohol P.A separately, 
being the volume of each solution subse-
quently completed with 1L of distilled water. 
After dilution, the preparation was kept in 
volumetric flask for 24 hours, with solutions 
being stirred every 2 hours.

Cuttings were maintained throughout the ex-
perimental period under intermittent mist-
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ing system, with activation for 10 seconds at 
10-minute intervals. For the control of fungal 
diseases, cuttings were treated with biweek-
ly fungicide sprays, whose active ingredient 
is tebuconazole (0.2g / L of water).

Data collection and statistical 
analysis
At 90 days after the installation of the exper-
iment, the following traits were measured: 
survival rate (%), rooted cuttings (%), unroot-
ed live cuttings (%), cuttings with callus (%), 
cuts with leaf retention (%), cut mortality (%), 
number of roots per cut (No.), root length 
(cm), shoot fresh mass (g), shoot dry mass (g), 
root fresh mass (g) and root dry mass (g).

Traits rooted cuttings (%), unrooted live 
cuttings (%), cuttings with callus (%), cuts 
with leaf retention (%) and shoot dry mass 
(g) were correlated only with the percent-
age of cuttings that remained alive until the 
end of the experiment. Traits mean number 
of roots per cut (No.), mean length of roots 
per cut (cm) and root dry mass (g) were cor-
related only with the percentage of cuttings 
that rooted and ended with the percentage 
of dead cuttings, considering all as dead cut-
tings at the end of the experiment.

Regarding statistical analyses, the Lilliefors 
test was performed using the Genes soft-
ware (CRUZ, 2013), and traits that did not 
meet the assumption of normality were sub-
mitted to transformation. In experiment I, all 
traits analyzed were transformed, while in 
experiment II, only traits survival rate, root-
ed cuttings, unrooted live cuttings, cut mor-
tality, cuttings with callus and cuts with leaf 
retention were transformed. For traits given 
in percentage, the transformation by the 
function √ (x + 0.5) was used and for count-
ing data, the function (log + 1) was used. 
After transformation, analysis of variance 
and F test (P≤0.10) were performed, and the 
means were compared using the Tukey test 
and the Sisvar software (FERREIRA, 2019).

Results and Discussion
Experiment I
The factors under study showed significant 
interaction for traits survival rate and mor-
tality (Table 1). The interaction between 
Radimaxi 20® biostimulant concentrations 
and types of cuts at the base of cuttings in-
fluenced the survival rate. The highest sur-
vival rate was obtained in the absence of 
biostimulant using the bevel cut (CB), and 
at concentration 15 g L-¹, the highest val-
ues were obtained using lateral cuts CL1 
and CL2, whereas the other concentrations 
did not show significant differences in re-
lation to types of cuts. Regarding the type 
of cut, only CB and CL2 showed significant 
differences in relation to the survival rate, 
with the highest values observed at concen-
tration of 0 g L-¹ for CB and concentrations 
of 5, 10 and 20 g L-¹ for CL2. Proportionally 
contrary to the survival rate, mortality also 
showed significant interaction at concen-
tration of 0 g L-¹, where CB presented the 
lowest cut mortality percentage, among the 
types of cuts.

Regarding the rooting percentage, it was 
found that the biostimulant concentration 
of 5 g L-1 was responsible for the highest av-
erage number of cuttings that responded 
to the treatment, expressing rhizogenesis 
at the base of cuttings, not differing from 
concentrations of 0, 10 g L -1, and 20 g L-1, in 
contrast, concentration of 15 g L-1 registered 
the lowest average number of unrooted live 
cuttings. For variable root length, concen-
trations of 10 and 20 g L-1 showed the larg-
est root lengths and the CB type stood out 
from the other types of cuts (Tables 1 and 
2), but no differing from treatments 1 and 2. 
However, as observed in experiment I, there 
were no significant differences in cuts with 
leaf retention, mean number of roots per 
cut, root fresh and dry mass in relation to 
types of cuts and concentrations used.
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Experiment II
Experiment II evaluated the effects of bio-
stimulant concentrations and the diameter 
of guava cuttings on traits survival rate. un-
rooted live cuttings, rooted cuttings. shoot 
fresh mass, cut mortality and root fresh 
mass and both exhibited significant interac-
tion among factors under study. In addition, 
traits cuts with leaf retention and shoot dry 
mass were significant considering factor cut-
ting diameter (Tables 3 and 4).

Regarding survival rate, it was found that 
significant differences occurred at concen-
trations of 10 and 20 g L-1, where diameter 
class 2 (4 to 4.99mm) presented the highest 
survival rate of ‘Pedro Sato’ guava cuttings 
(85% and 77.50%. respectively). In rooted 
cuttings, only concentrations 0 and 10 g L-¹ 
differed, but corroborating with the survival 
rate. Diameter class 2 also responded better 
to treatment with Radimaxi 20® biostimu-
lant. Consistently, both cuts with leaf reten-
tion and shoot dry mass, as well as the root 
fresh mass, diameter class 2 (4 to 4.99 mm) 
obtained superior results, compared to di-
ameter class 1 (3 to 3.99 mm).

The survival rate of cuttings is intrinsical-
ly linked to the concentration of reserves, 
which must be sufficient to preserve their 
activity, until there is regeneration of fun-
damental tissues and the full capacity for 
self-support is reestablished, thus being able 
to form a new plant (Tables 1 and 3). In oth-
er words, the nutritional status of mother 
plants and consequently the propagule is 
an extremely important factor for the suc-
cess of vegetative propagation, as it will 
determine the balance of carbohydrates, 
nitrogenous substances, amino acids, aux-
ins, among other metabolic compounds, 
essential to plant maintenance (GUIRRA et 
al., 2021). Moreover, the nutritional status 
of plants can synergistically interact with 
various factors, affecting survival rate, rhizo-
genesis, growth, and post-propagation vigor 
(PIRES, 2015).

In cases where the concentration of reserves 
is inadequate, the survival of cuttings and 
rooting is compromised and this effect can be 
observed in experiment II, where the increase 
in diameter directly affected these traits, in 
which larger diameter may have higher con-
centration of reserves and consequently the 
cut can respond better to certain stimuli. In 
this case, it is also essential to maintain the 
leaf activity, aiming to complement, not only 
the maintenance of reserves, but also their 
remobilization, and also to promote the syn-
thesis of new compounds useful to the cut-
ting setting (COSTA et al., 2019a).

Although rooting and mineral nutrition are 
closely related, little is known about the 
isolated action of nutrients present in the 
mother plant that can contribute to rhizo-
genesis due to the difficulty of isolating and 
characterizing the factors that control them, 
due to their complex interaction (LOPES, 
2016). However, according to Carvalho and 
Silva (2012), the nutrients involved in the 
various metabolic processes associated with 
the differentiation and formation of the root 
meristem are essential for the initiation of 
the root formation process, where the mobi-
lization of nutrients, such as Ca, at the base 
of cuttings is closely related to totipotency 
and indicates the importance of mineral nu-
trients in the process. This occurs due to the 
action of calcium in the cell division process, 
formation of the middle lamella, root elon-
gation and cell wall, so that its deficiency will 
directly act on the structuring of the root 
formation (CUNHA et al., 2009).

Cunha et al., (2009) reported that in the dif-
ferentiation and de-differentiation of tissues, 
other elements are essential. which are found 
in the biostimulant under study, such as zinc, 
which participates in the synthesis of trypto-
phan, which is a precursor of auxin and acts 
as a rooting cofactor. Another element is sul-
fur, which acts in carbohydrate metabolism, 
therefore being fundamental in the root in-
duction phase. In addition to these elements, 
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iron, copper, boron and manganese also par-
ticipate in the formation of cell walls, lignifica-
tion and cell elongation, essential for sprout-
ing, rooting or callogenic growth.

The mineral elements, available in biostim-
ulants, must be used not only in the treat-
ment of propagules, but also play a relevant 
role before the collection of cuttings from 
mother plants, as they have highly signifi-
cant effects on plant maintenance indices 
and subsequent processes (GUIRRA et al., 
2021), also presenting essential and specific 
functions in plant metabolism, which can act 
as constituents of the organic structure, ac-
tivators of enzymatic reactions, charge carri-
ers and osmoregulatory (LOPES, 2016).

A technique used in propagation aiming at 
greater contact of vascular tissues with exog-
enous elements is the incision at the base of 
cuttings (DAMIANI, 2009), reducing the num-
ber of tissues formed by sclerenchyma, which 
are responsible for the formation of a barrier 
that can hinder the cellular signaling process 
(BETTONI et al., 2014). Thus, when a cut is 
made at the base of cuttings, tissues are more 
exposed to nutrients contained in the sub-
strate, helping with physiological responses.

Considering cutting diameter, it appears that 
larger diameters can promote greater survival 
rate (Table 3 and 4), mainly due to the great-
er storage capacity of metabolites, providing 
greater availability of reserves for a longer pe-
riod, which can be beneficial to the rhizogenic 
process and maintenance of the cutting activ-
ity, regardless of biostimulant concentration.

On the other hand, the use of higher cut-
ting diameters may present greater rooting 
difficulties, due to the higher concentration 
of oxidizing phenolic compounds, especial-
ly in the Myrtaceaes species, such as guava, 
which when injured, presents more intense 
tissue oxidation, thus compromising the 
rhizogenic process and, mainly, the greater 
amount of lignification tissues, which reduc-
es the relationship between tissues and the 

totipotency capacity, that is, compromising 
the rooting process (PELIZZA et al., 2011). 
This is confirmed by the rooting result ob-
tained, in which, regardless of biostimulant 
concentration, less rooting was observed, 
when higher cutting diameters were used, 
specifically D2 (Table 3). Zhang et al., (2010) 
evaluated the effect of diameter on Feijoa 
cuttings and found that the diameter of 
0.25 - 0.30 cm promotes higher percentage 
of rooted cuttings, while higher diameters 
show lower values, because they are tissues 
with greater totipotency capacity.

Cuttings with smaller diameter have char-
acteristics of younger tissues and with low-
er degree of lignification, higher propor-
tion of cells capable of de-differentiation, 
higher cell division rate, high concentration 
of flavonoids and lower number of pheno-
lic compounds, which can facilitate root-
ing and the production of new plants in a 
shorter period of time (COSTA et al., 2017). 
However, cuttings with smaller diameters ac-
cumulate fewer nutrient reserves, showing 
greater predisposition for tissue dehydration 
(ARANTES et al., 2021).

In general, there is great variation in the re-
sponses of Myrtaceaes to the use of biostim-
ulants and techniques such as lesion at the 
base and different diameters, which requires 
further studies on the influence of biostim-
ulants in isolation and in combination with 
other elements. These results are relevant 
for a better understanding of factors that act 
in the formation of seedlings through vege-
tative propagation.

Conclusion
The use of Radimaxi 20® biostimulant in-
creases the rooting percentage. Cuts with 
the removal of lateral portions at the base of 
cuttings promote greater mortality, while ev-
idencing less increase in root length. Cuttings 
with diameter class 2 (4 to 4.99 mm) show 
greater survival rate at concentrations of 0 
and 5 g L-¹.
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