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Anticipating  the formation of guava seedlings using 
mini-grafting onto smaller-diameter clonal rootstocks
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Sydney Pereira Galvão3, Giuliana Pulitini Vaz4, Alexandre Pio Viana5

Abstract- The production of grafted seedlings requires longer periods of time. The technique of 
mini-grafting onto rootstocks previously obtained from herbaceous cuttings can guarantee the 
genetic fidelity of scion and rootstock and allows grafting onto smaller-diameter stems, accelerating 
the time required to obtain seedlings. The aim of this study was to anticipate the formation of 
‘Paluma’ guava seedlings grafted onto clonal rootstocks with smaller-diameter stems. Treatments 
consisted of grafting onto rootstocks with five stem diameter classes. The experimental design was 
randomised blocks with three replicates and five seedlings per plot. Rootstocks were produced from 
cuttings of herbaceous branches of mother plants originating from crossing between P. guineense 
and P. cattleianum. Mini-grafts were obtained from a clonal ‘Paluma’ guava mini-garden . Seedlings 
grafted onto rootstocks with stem diameters from 3.7 to 10.3 mm presented the same success rate 
however the greatest seedling vigour was observed when grafted onto larger-diameter rootstocks. 
Grafting success and seedling height show that mini-grafting onto clonal rootstocks with diameters 
from 3.7 to 5.5 mm  allows producing seedlings suitable for transplanting 300 days after cutting.
Index terms: P. guineense x P. cattleianum, early grafting, seedling vigour.

Antecipação da formação da muda de goiabeira 
utilizando-se da minigarfagem sobre porta-enxertos clonais 

de menores diâmetros
Resumo - A produção de mudas enxertadas demanda maior período de tempo. A técnica da 
minigarfagem sobre porta-enxertos obtidos previamente por estaquia herbácea pode garantir a 
fidelidade genética da copa e do porta-enxerto e possibilitar a enxertia em caules de menor diâmetro, 
antecipando o período de obtenção dessas mudas. O objetivo deste trabalho foi a antecipação da 
formação da muda da goiabeira ‘Paluma’ enxertada sobre porta-enxertos clonais com caules de 
menor diâmetro. Os tratamentos foram constituídos pela enxertia sobre porta-enxertos com cinco 
classes de diâmetros do caule. O delineamento experimental adotado foi em blocos casualizados, 
com três repetições e cinco mudas por parcela. Os porta-enxertos foram produzidos por estaquia 
de ramos herbáceos de matrizes oriundas de cruzamento entre P. guineense x P. cattleianum. Os 
minigarfos foram obtidos de um minijardim clonal da goiabeira ‘Paluma’. Mudas enxertadas sobre 
porta-enxertos com diâmetros de caule entre 3,7 e 10,3 mm tiveram a mesma taxa de pegamento 
de enxertia, entretanto, o maior vigor das mudas foi observado quando estas foram enxertadas 
sobre porta-enxertos de maior calibre. O pegamento de enxertia e a altura das mudas indicam 
que a minigarfagem sobre porta-enxertos clonais, com diâmetros entre 3,7 e 5,5 mm, permite a 
produção de mudas aptas ao transplantio, aos 300 dias após o estaqueamento.
Termos para indexação: P. guineense x P. cattleianum, enxertia precoce, estaquia herbácea
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Introduction

Brazil is the world’s fourth largest guava producer. 
Until the 1980s, guava propagation in the country was 
carried out by seminiferous route, as it is still performed 
in countries with expressive guava production such as 
Pakistan, which is the world’s third largest producer 
(PEREIRA et al., 2017; ALTENDORF, 2018). The 
search for uniform orchards in Brazil caused vegetative 
propagation to be adopted and herbaceous cuttings to 
become the most used propagation technique for obtaining 
guava seedlings (PEREIRA et al., 2017). However, 
with the advancement of ‘Guava decline’, a complex 
disease caused by Meloidogyne enterolobii nematode and 
subsequent infection by Neocosmospora falciformis soil 
fungus (GOMES et al., 2011; CASTRO, 2019; VELOSO 
et al., 2020), the propagation route of these seedlings has 
been rethought, as Psidum guajava has high susceptibility 
to this nematode (CARNEIRO et al., 2001; BIAZATTI 
et al., 2016). In this context, obtaining seedlings 
through grafting may become mandatory, since the use 
of rootstocks resistant to M. enterolobii would allow 
the cultivation of guava trees in already contaminated 
areas (SOUZA et al., 2018) and studies aimed at the 
selection of interspecific hybrids with resistance genes 
for the phytonematode and genes that express rootstock 
compatibility with commercial guava scions have been 
carried out (COSTA et al., 2012; GOMES et al., 2017).

The availability of grafted seedlings is still limited 
for guava due to the degree of difficulty of execution and 
the longer time required to obtain them, with minimum 
period of fourteen months, when rootstock is obtained 
by the seminiferous route (ROBAINA et al., 2015), 
while guava seedlings multiplied by herbaceous cuttings 
are obtained in less than six months (COSTA; COSTA, 
2003). In order to obtain seedlings grafted onto rootstocks 
compatible with guava and resistant to the nematode, 
rootstock propagation would also need to be asexually 
performed.

Mini-grafting can be used as alternative to reduce 
the time for obtaining grafted guava seedlings (CAMPOS 
et al., 2017) and this technique also allows the use of 
smaller-diameter rootstocks.

  Campos et al. (2017) used the mini-grafting 
technique and obtained the formation of grafted seedlings 
in shorter time, around 350 days, using rootstocks with 
diameter of 3.5 mm previously obtained by seminiferous 
propagation.

P. guineense x P. catleianum hybrids have been 
reported to be resistant to M. enterolobii (GOMES et al., 
2017). However, it is still necessary to evaluate its grafting 
compatibility with guava. The reduction in the time for the 
production of these seedlings could be achieved through 
mini-grafting on smaller-diameter clonal rootstocks.

  The aim of this work was to evaluate the technical 
feasibility of mini-grafting onto rootstocks previously 
cloned by herbaceous cuttings and with different stem 
diameters, aiming at anticipating the formation of 
‘Paluma’ guava grafted seedlings.

Material and methods
  
Mother plants were composed of shrubs of three 

genotypes kept in 50-L pots under screen. These plants 
are half-sisters and came from seeds obtained by crossing 
between P. guineense and P. cattleianum (GOMES et al., 
2017). Collections of herbaceous cuttings were carried out 
at three times to multiply the material. Rootstocks were 
composed of a mixture of clones of these three genotypes, 
distributed into five diameter classes. The criterion for 
distribution between diameter classes followed the age of 
rootstocks that were cut between June and October 2018. 
Rootstocks cut in October, for example, were thinner and 
younger. All steps for seedling production are illustrated 
in Figure 1.

The collection of sprouts from mother plants 
was carried out according to methodology described by 
Biazatti et al. (2018) for the confection of herbaceous 
cuttings. Cuttings were prepared with two pairs of leaves, 
from which the basal pair was removed and in the other 
pair, the limbus was cut in half. Cuttings had the base 
immersed for 10 seconds in IBA (indolbutyric acid) at 
concentration of 1500 mg L-1 (FERREIRA et al., 2013). 
Cuttings were inserted in tubes of 280 cm³ containing 
commercial Basaplant® substrate and then were taken to 
moist chamber (Figure 1A), equipped with Fogger-type 
sprayers and timer to adjust the spray interval every 10 
minutes and duration of 15 seconds, with flow of 7 L h-1, 
under pressure of 4.0 kgf cm-2. Cuttings remained in this 
environment for about 60 days until rooting. Cutting was 
performed in three months (June, August and October).

After the rooting period, seedlings were acclimated, 
and the material was removed from the moist chamber 
and taken to another environment in greenhouse covered 
with Sombrite® 70%. Under these conditions, seedlings 
were irrigated twice a day with fine sieve watering can for 
30 days. After this period, rootstocks were transplanted 
into conical pots with height of 30 cm and volume of 4.8 
dm3 (Figure 1B), filled with Basaplant® substrate for 
vegetables. The substrate was mixed and homogenized 
with 9.7 g L-1 of simple superphosphate, 30 g L-1 of 
limestone and 6.6 g L-1 of Osmocote® slow-release 
fertilizer in 17-07-12 formulation, and cover fertilization 
with 7.6 g of urea, 24.7 g of simple superphosphate and 
2.8 g of potassium chloride per pot, in three plots, with 
interval of 30 days. Fortnightly, seedlings received foliar 
applications with Viçosa mixture containing 25 g of copper 
sulphate; 25 g of quicklime; 40 g of manganese sulphate; 
10 g of zinc sulphate; 5 g of boric acid, every 5 L of water.
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Rootstocks were conducted on a single stem for 
subsequent grafting with ‘Paluma’ guava using the mini-
grafting method proposed by Campos et al. (2017). By 
the aforementioned method, the scion is grafted with 
mini-grafts, which come from herbaceous sprouts of 
clonal mini-garden. The stem diameters of rootstocks 
were measured at height of 15 cm from the seedling 
stem diameter ratio and these were separated into five 
diameter classes: from 3.68 to 5.5 mm (class 1); from 
5.51 to 6.50 mm (class 2); from 6.51 to 7.21 mm (class 
3); from 7.23 to 7.74mm (class 4) and from 7.75 to 10.32 
(class 5). Rootstocks had between 0.62 m and 1.79 m in 
height before grafting (Figure 1C) and were pruned so 
that grafting could be performed. At that time, plants aged 
180-240 days after cutting, and plants of 180 days were 
those with the smallest diameter. The experimental design 
used was in RBD, with five treatments (diameter classes), 
three blocks and five plants per plot.

Mini-grafts were collected from mini-clumps of 
‘Paluma’ cultivar with five years of age. Plants in this 
mini-garden were pruned 30 days before mini-grafting, 
so that the stimulus for the emission of new sprouts would 
occur (Figure 1D). Mini-clumps received the same cover 
fertilization as plants selected to be used as rootstocks.

The type of grafting adopted was top half-cleft 
grafting, a technique adapted for grafts that in general 
have smaller diameters compared to the rootstock 
(HARTMANN et al., 2013). To perform the grafting, 
young sprouts were collected and mini-grafts were 
prepared with two pairs of leaves that had their apical 

portions cut in half and basal leaves removed to reduce 
transpiration and dehydration. After preparing mini-grafts, 
each plant used as rootstock was pruned about 30 cm 
above the stem, so that grafting could be performed.

Rootstocks were prepared by removing lower 
leaves and, after topping, mini-grafts were introduced 
onto the top of the rootstock. The base of the mini-graft 
was cut into a bevel, adjusted more on the side of the top 
and the bandage was performed with Parafilm® (Figure 
1F). In order for mini-grafts to remain fixed, the grafting 
region was wrapped with flexible wire. Subsequently, 
seedlings were taken to the intermittent moist chamber, 
since herbaceous mini-grafts are very susceptible to 
dehydration (Figure 1E).

The moist system was composed of Fogger® type 
micro-sprayers with interval of 10 minutes and duration of 
30 seconds for a period of 60 days. Acclimatization started 
in the moist chamber when the interval between spray 
applications was increased to 20 minutes and the spray 
duration was increased to 30 seconds, with plants being 
kept under these conditions for five days. After this period, 
the spraying regime was again modified to 30-minute 
intervals with 30-second spray duration for another five 
days. After this period, seedlings were removed from the 
moist chamber and taken to a new location in the same 
greenhouse covered with 70% sombrite® (1G), where 
seedlings were manually irrigated between 10:00 am and 
12:00 pm. In this phase, the flexible wire used to wrap 
the grafting region was removed and seedlings were 
conducted on a single stem (Figure 1 H; 1I).

Figure 1. Rooting of rootstocks inside the moist chamber (A); rootstocks transplanted after 60 days of rooting and 
30 days of acclimatization (B); rootstock the day before grafting (C); mini-garden of ‘Paluma’ cultivar used to 
collect mini-grafts (D); Newly grafted seedlings inside the moist chamber (E); Beginning of mini-graft sprouting (F); 
Acclimation of grafted seedlings (G); Conduction of grafted seedlings on a single stem (H); Seedling grafted at 300 
days after rootstock cutting and 120 days after grafting (I).
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The averages of maximum and minimum 
temperatures inside the moist chamber were 31 ° C and 
27 ° C, respectively, for about 60 days. The averages of 
maximum and minimum relative humidity inside the moist 
chamber in this period were 98% and 87%, respectively. 
During the cultivation of these seedlings, the averages of 
maximum and minimum temperatures were 32.8 ° C and 
20.3 ° C and the maximum and minimum relative humidity 
values were 94% and 62%, respectively.

Graft survival was evaluated at 30, 60, 90 and 120 
days after grafting. Grafting success was observed at 90 
days after grafting. Scion stem and rootstock diameters 
were measured at three points, 3 cm above and below the 
grafting region and in the region of the grafting point with 
the aid of digital caliper. Seedling diameter and height 
were evaluated at 90, 120, 150, 180 and 210 days after 
grafting. The minimum pattern of seedling suitable for 
planting was found at 120 days after grafting (Figure 1I). 
Data regarding grafting success (%) were transformed 
according to the arc sine equation (x / 100) ½  and submitted 

to analysis of variance. Data from evaluations performed 
at different times were evaluated in a split-time scheme, 
with averages between treatments and times submitted 
to regression analyzes and when these were significant 
at 5% probability, the best fit equations were chosen. 
The statistical software used was SANEST (ZONTA; 
MACHADO, 1984).

Results and discussion
  
At 90 days after grafting, seedling survival stability 

was reached, which was evaluated at 120 days (Table 1) 
and the grafting success was verified. At that time, no 
effect of rootstock diameter on the grafting success was 
observed, which was, on average, 62.6%.

Robaina et al. (2015) used P. guajava rootstock 
with average of 8.4 mm in diameter and obtained grafting 
success of 65% at 160 days after grafting by top cleft 
grafting.

Table 1. Success rate of seedlings (%) grafted onto rootstock from the P. guineense x P. cattleianum crossing. Treatments 
consisted of five rootstock stem diameter classes: 3.68 to 5.5 (Class 1); 5.51 to 6.50 (Class 2); 6.51 to 7.21 (Class 3) 
7.23 to 7.74 (Class 4) and 7.75 to 10.32 (Class 5).

Treatment
Diameter (mm)

Success rate 
30 days (%) 

Success rate 60  
days  (%) 

Success rate 
90  days  (%) 

Success rate 120  
days  (%) 

Class 1           86.67 80.00 73.33 73.33 
Class 2           86.67 80.00 60.00 60.00 
Class 3           86.67 60.00 53.33 53.33 
Class 4           80.00 80.00 66.66 66.66 
Class 5           86.67 80.00 60.00 60.00 
CV (%) 21.82 23.54 43.21 43.21

Significance n.s.      n.s. n.s. n.s.
    Not significant by F test at 5% probability (n.s.)

Some authors have observed that the use of smaller 
stem diameters for rootstocks does not compromise 
grafting success, confirming the results of the present 
study. Campos et al. (2017) used rootstocks obtained by 
seminiferous propagation of guava with diameters close to 
3.5 mm and observed 84%   grafting success for ‘Paluma’ 
guava seedlings and 54% for ‘Cortibel 1’ guava seedlings, 
demonstrating that under the same conditions and grafting 
technique, there are grafting success variations between 
different genetic materials both in the scion and in the 
rootstock. Thus, the grafting success obtained in this work 
(62.6%) can be considered satisfactory, since genetic 
materials are different.

Abbas et al. (2013) grafted ‘Gola’ cultivar, 
widespread in Pakistan, by grafting on guava rootstocks 
from seeds. The technique was directly performed in the 
field and the rootstock was as thick as a pencil at the time 
of the procedure. The authors observed that there was 

about 7.5% grafting success. On the other hand, Singh et 
al. (2007) found that when ‘Allahabad Safeda’ and ‘Sardar’ 
guava cultivars were grafted onto rootstocks of sexual 
origin presenting between 5 mm and 10 mm in diameter, 
seedlings had results above 80% grafting success when the 
procedure was carried out in greenhouse, indicating that 
protected environments favour the guava grafting success.

Seedling height was influenced by the interaction 
between rootstock diameter and time of evaluation (Figure 
2A). At 120 days after grafting, seedlings reached between 
44 and 60 cm in height, all considered suitable for planting. 
At 210 days after grafting, seedling height responded 
linearly to the increase in rootstock diameter (Figure 2B). 
Larger rootstocks provided greater height growth.
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Figure 2. Polynomial regressions for the height of ‘Paluma’ guava seedlings grafted by mini-grafting onto rootstocks 
of different diameter classes evaluated between 90 and 210 days after grafting (A). Polynomial regression for average 
height of ‘Paluma’ guava seedlings grafted by mini- grafting as a function of the average rootstock diameter (mm)
(B). **Significant at 1% probability. Rootstock diameter classes at the time of grafting: 1 (3.68 to 5.5 mm); 2 (5.51 
to 6.5 mm); 3 (6.51 to 7.22 mm); 4 (7.23 to 7.74 mm) and 5 (7.75 to 10.32 mm).

It has been observed that the use of different 
rootstock diameters is important, as this difference can 
influence seedling vigour and growth (SHARMA et 
al., 2019). In this sense, the use of rootstocks between 
8 mm and 10 mm in diameter is recommended for the 
performance of grafting by top cleft grafting (COSTA; 
COSTA, 2003; ROBAINA et al., 2015). More vigorous 
rootstock provides increase in the transport of water and 
nutrients and in this sense, the tendency of seedling shoots 
is to show greater growth (SOMKUWAR et al., 2015; 
SHARMA et al., 2019). However, the production of more 
vigorous guava rootstocks requires prolonged time, around 
280 days (ROBAINA, 2011).

Costa and Costa (2003) reported that guava 
seedlings produced by grafting must have between 40 and 
60 cm in height and are usually obtained with this pattern 
in a period from 540 to 780 days after rootstock sowing 
and grafting by top cleft grafting. However, Campos et 
al. (2017) used P. guineense rootstock, compatible with 
‘Paluma’ guava, obtained by seminiferous route with 

average diameter of 3.5 mm, at 200 days after sowing, 
for mini-grafting of scions of ‘Paluma’ and ‘Cortibel 1’ 
cultivars. In this work, the authors obtained, 350 days after 
rootstock sowing, seedlings that reached 50.9 cm and 40 
cm in height, respectively, for ‘Paluma’ and ‘Cortibel 1’ 
cultivars.

In the present study, the thinnest rootstocks were 
obtained 180 days after cutting, which is less time than 
that observed in previously mentioned works. After 
grafting by mini-grafting with ‘Paluma’ guava, seedlings 
reached height close to that necessary for planting at 120 
days after grafting (Figure 2 A). When counting the time 
required for grafting and the time elapsed from grafting to 
seedling formation, it was observed that plants were able 
for planting from 300 days after cutting. Seedlings grafted 
onto thicker rootstock had greater height, indicating the 
possibility of better performance after planting.
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The differences between stem diameter classes of 
rootstocks remained after mini-grafting, with reduction 
in these differences between 90 and 210 days after mini-
grafting (Figure 3A). This reduction in the difference 
between stem diameters of grafted seedlings was provided 

by the higher growth rate of smaller-diameter rootstocks. 
Although smaller-diameter rootstocks provide greater 
growth speed for the grafted seedling, at 180 days after 
mini-grafting, the most vigorous rootstock provided 
greater development in plant stem diameter (Figure 3B).

Figure 3. Polynomial regression for the average rootstock diameter between 90 and 210 days after grafting ‘Paluma’ 
guava by mini-grafting (A). Polynomial regression for the seedling stem diameter below the grafting region as a 
function of rootstock diameter at the time of grafting (B). ** Significant at 1% probability.

The possibility of using smaller-diameter rootstocks 
varies according to the species, because depending on the 
species, the lower rootstock vigour may impair grafting 
or result in inadequate seedling growth after grafting 
(SHARMA et al., 2019; CAMPOS et al., 2017), which 
may impose the need to use larger-diameter rootstocks. 
In the present study, rootstocks with diameter between 
3.68 to 5.5 mm provided satisfactory vigour and reduced 
the time for seedling formation. This type of seedling, 
although less vigorous, can facilitate obtaining and 
also transporting from nursery to producer. In addition, 
earlier grafting could speed up the implementation of 
experimental orchards to evaluate new rootstocks under 
field conditions.

Seedlings showed similar behaviours regarding the 
relationship between height growth and stem diameter, 
with no indication of etiolation due to treatments (Figure 
4A). A characteristic that can indicate seedling quality is 
the ratio between height and diameter of the plant stem. 
In general, seedlings that show greater height growth and 
lower thickness are considered of poor quality and are less 
likely of surviving in the field (CARNEIRO et al., 2007; 
PINTO et al., 2016).
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Figure 4. Polynomial regressions for ratios between height and diameter of ‘Paluma’ guava seedlings grafted by 
mini-grafting onto rootstocks of different diameter classes evaluated between 90 and 210 days after grafting (A). 
Polynomial regressions for ratios between diameter below and diameter above the grafting region of ‘Paluma’ guava 
seedlings grafted by mini-grafting onto rootstocks of different diameter classes evaluated between 90 and 210 days 
after grafting (B). ** Significant at 1% probability. Rootstock diameter classes at the time of grafting: 1 (3.68 to 5.5 
mm); 2 (5.51 to 6.5 mm); 3 (6.51 to 7.22 mm); 4 (7.23 to 7.74 mm) and 5 (7.75 to 10.32 mm).

At 210 days after mini-grafting, all treatments 
showed ratio between diameter below and above the graft 
approaching the unit, indicating that over time, mini-graft 
and rootstock diameters tended to be equal in all treatments 
(Figure 4 B).

The use of smaller-diameter rootstock can 
anticipate the availability of seedlings for the formation 
of new orchards. The present work showed viability 
for obtaining rootstocks using herbaceous cuttings. The 
time required to obtain smaller-diameter rootstocks was 
180 days after cutting. Campos et al. (2017) used seeds 
as a source of propagule for rootstocks and performed 
grafting 200 days after sowing. Robaina (2011) used 
seeds to obtain rootstocks and carried out top cleft grafting 
about 428 and 390 days after the sowing of araçai and 
guava, respectively. In the present work, the vegetative 
propagation of the rootstock by herbaceous cuttings 

associated with early grafting by mini-grafting provided 
grafting anticipation and seedling formation period that 
could be obtained at 300 days after rootstock cutting.

In the case of the development of hybrid rootstocks 
resistant to M. enterolobii, rootstock propagation must 
be carried out vegetatively, so that the resistance of the 
genetic material is not lost. In this sense, preliminary 
rootstock propagation by herbaceous cuttings and 
subsequent grafting by mini-grafting is a proposal to 
obtain seedlings with genetic fidelity both of scion and 
rootstock under better nutritional and phytosanitary 
management conditions.
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Conclusion
  Vegetative rootstock propagation by herbaceous 

cuttings associated with grafting by mini-grafting on 
rootstocks with diameter between 3.7 to 5.5 mm provides 
the anticipation of grafting and seedling formation period, 
which can be obtained at 300 days after rootstock cutting.
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