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Abstract

Urban afforestation is done with trees with adequate size for streets, squares and avenues, as well as those
with showy canopies. Trees of the genus Handroanthus and belonging to the family Bignoniaceae are widely
used due to their canopies flowering in different colors used for landscape purposes. The use of techniques
such as grafting, which assist in early flowering and the possibility of canopies producing flowers of different
colors can be of importance. This study aimed to analyze the grafting compatibility in bifurcated seedlings
of the genus Handroanthus for the production of multi-colored flowering canopies. The experiment was
constituted by 10 treatments, with different scion/rootstock combinations. The studied species were
Handroanthus heptaphyllus (Hh), Handroanthus impetiginosus (Hi), Handroanthus chrysotrichus (Hc), and
Handronthus roseo-albus (Hr-a), using Hi as the only rootstock species (via seeds), and the remaining species,
including Hi from adult plants as scions. Single-stem wedge grafting on a bifurcated seedling was adopted
for the following combinations: 1. Hc/Hi; 2. Hr-a/Hi; 3. Hh/Hi; 4. Hi/Hi, whereas double-stem wedge grafting
was adopted for: 5. Hi/Hi and Hc/Hi; 6. Hi/Hi and Hr-a/Hi; 7. Hi/Hi and Hh/Hi; 8. Hc/Hi and Hr-a/Hi; 9. Hc/Hi
and Hh/Hi; and 10. Hr-a/Hi and Hh/Hi), with three replications of five seedlings. The take percentage and
vigor were evaluated 50 days after grafting. The highest establishment rates for the single-stem wedge
grafting were obtained by the same species grafts Hi/Hi (80%) and by the Hr-a/Hi (86.6%) combination;
whereas for the double-stem grafting the following percentages of combinations were obtained: Hc/Hi
(93.3%) and Hr-a/Hi (93.3%); Hc/Hi (73.3%) and Hh/Hi (86.6%); and Hr-a/Hi (86.6%) and Hh/Hi (86.6%).

Keywords: Handroanthus spp.; Ipe trees; Vegetative propagation; Wedge grafting; Colorful canopies.

Resumo

A arborizacdo urbana utiliza drvores com tamanho adequado para ruas, pragas e avenidas, bem como aquelas
com copas vistosas. Arvores do género Handroanthus e pertencentes & familia Bignoniaceae sdo amplamente
utilizadas devido as suas copas com cores variadas, muito utilizadas para fins paisagisticos. A utilizacdo de
técnicas, como a enxertia, que auxiliam no florescimento precoce e a possibilidade de copas policoloridas sdo
de extrema importancia. Objetivou-se com esse trabalho analisar a compatibilidade de enxertia em mudas
bifurcadas do género Handroanthus, na producdo de copas policoloridas. O experimento foi constituido por
10 tratamentos, com diferentes combina¢des de enxerto/porta-enxerto. As espécies estudadas foram
Handroanthus heptaphyllus (Hh), Handroanthus impetiginosus (Hi), Handroanthus chrysotrichus (Hc) e
Handronthus roseo-albus (Hr-a), usando Hi como Unica espécie de porta-enxerto (via sementes), e as espécies
restantes, incluindo Hi, como enxerto (de plantas adultas). Adotou-se a garfagem no topo em fenda cheia
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sobre muda bifurcada para as seguintes combinag¢des: 1. Hc/Hi; 2. Hr-a/Hi; 3. Hh/Hi; 4. Hi/Hi, enquanto o
enxerto em cunha de haste dupla foi adotado para: 5. Hi/Hi e Hc/Hi; 6. Hi/Hi e Hr-a/Hi; 7. Hi/Hi e Hh/Hi; 8. Hc/Hi
e Hr-a/Hi; 9. Hc/Hi e Hh/Hi; e 10. Hr-a/Hi e Hh/Hi), com trés repeti¢des de cinco mudas. A porcentagem de
pegamento e o vigor foram avaliados apds 50 dias da montagem do experimento. As maiores taxas de
pegamento para a enxertia de haste Unica foram obtidas pela autoenxertia Hi/Hi (80%) e pela combinacdo
Hr- a/Hi (86,6%), enquanto para a enxertia de haste dupla foram obtidas por combina¢des Hc/Hi (93,3%) e
Hr- a/Hi (93,3%); Hc/Hi (73,3%) e Hh/Hi (86,6%); e Hr-a/Hi (86,6%) e Hh/Hi (86,6%).

Palavras-chave: Handroanthus spp.; Ip€; Propagacdo vegetativa; Garfagem em fenda cheia; Copa colorida.

INTRODUCTION

Urban afforestation aims to improve the quality of life of citizens and mitigate some
environmental effects such as high temperatures and air pollution (Van Ryswyk et al., 2019;
Storch-Béhm et al., 2020). Trees of the Bignoniaceae family belonging to the Handroanthus
genus are commonly used on urban roads, as they have crowns with colorful inflorescences
and are suitable for streets, squares and avenues (Backes et al., 2011).

Flower coloring in trees of the genus Handroanthus can feature the following colors: purple
(Handroanthus heptaphyllus (Mart.) Mattos), pink (Handroanthus impetiginosus (Mart. ex DC.) Mattos),
yellow (Handroanthus chrysotrichus (Mart. ex DC.) Mattos), or white (Handronthus roseo- albus (Ridl.)
Mattos). A mixture of colors can be observed in inflorescences of the hybrid Handroanthus x lewisii,
whose flowers exhibit details in yellow and magenta (Hodel et al., 2017).

In view of the beauty of these trees the following question emerges: is it possible to
produce a single individual with flowers of multiple colors in canopies through vegetative
propagation by the use of the grafting technique? This technique proved useful for the
propagation of H. heptaphyllus and H. impetiginosus, in which it was observed that the clones
were able to keep their early flowering habits and flower quality (Facciuto et al., 2005).

Grafting is a technique that permits the rapid transition from the vegetative to the
reproductive stage, being widely used when trying to obtain the adaptation of plants to acid
and saline soils or to the attack by diseases caused by nematodes, fungi, and bacteria,
increasing production through the use of adapted rootstocks and high-yielding scions
(Orazem et al., 2011; Font i Forcada et al., 2012; Hussain et al., 2013).

This study aimed to analyze the grafting compatibility in bifurcated seedlings of the genus
Handroanthus for the production of multi-colored canopies.

MATERIAL AND METHODS

In order to perform this study, seedlings of H. impetiginosa (pink trumpet tree) were used
as rootstocks, with its seeds being sown in a sandy substrate sterilized at a temperature of
100 °C for 48 hours. Sowing was performed in plastic trays, which were kept in germination
chambers at a temperature of 25 °C and a photoperiod of 8 hours.

After the emergence, the pink trumpet tree seedlings with five centimeters of height were
transported to a forest plant nursery and transplanted with naked roots to seedling pots with
a volume of 3,780 cm?, containing in their interior the commercial substrate Bioplant®.

The rootstocks produced from seeds, after attaining approximately 20 cm height and
7 mm base diameter, where subjected to apical dormancy breaking aiming at the production
of bifurcated seedlings. The grafting method employed in either one or both sprouts was by
top wedge-grafting with a cut of approximately 1 cm length.

The scions were collected from adult plants of the genus Handroantus with approximately
7 cm length and were subjected to a double bevel cut at the base. Afterward, the union of
scion and rootstock was performed by inserting the wedge in the cut of the rootstock, so that
the bark of rootstocks and scions coincided in at least one of the sides.

The grafting region was wrapped with tire tube strips, which exerted pressure onto scion
and rootstock. In sequence a wet chamber aiming at avoiding tissue dehydration was
produced by covering the region with a plastic bag, which was wrapped as a cylinder and
closed with a string at its lower end.
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The experimental design was in randomized blocks, with 10 treatments and three
replications per treatment, with five plants each. The treatments consisted of the scion/rootstock
combinations in each of the plants, using the species: Handroanthus heptaphyllus (purple
trumped tree, Hh), Handroanthus impetiginosus (pink trumpet tree, Hi); Handroanthus
chrysotrichus (yellow trumpet tree, Hc), and Handroanthus roseo-albus (white trumped tree, Hr-
a). One graft was done on one stem of the bifurcated seedlings with the following combinations:
(T1. Hc/Hi; T2. Hr-a/Hi; T3. Hh/Hi; T4. Hi/Hi); while two grafts were done on the two stems of the
bifurcated seedlings as follows: (T5. Hc/Hi and Hi/Hi; T6. Hr-a/Hi and Hi/Hi; T7. Hh/Hi and Hi/Hj;
T8. Hc/Hi and Hr-a/Hi; T9. Hc/Hi and Hh/Hi; T10. Hr-a/Hi and Hh/Hi) (Figure 1).

63N NS0
L L & 4 L

He/Hi Hr-a/Hi Hh/Hi Hi/Hi Hr-a/Hi and Hh/Hi

e !&lo %M-ﬁ-.\, 33

ttm&‘ |I

He/Miand HUHI  Hr-a/Hi and Hi'Hi  HWHi and Hi'Hi - He/Hi and Hr-a/Hi He/Hi and Hh/Hi

Figure 1. Scheme evidencing the grafting treatments performed in seedlings of H. impetiginosus (Hi) used
as rootstocks and combinations of scions of different species of the genus Handroanthus. *=graft union.

Fifty days after grafting data were taken of: survival (%); number of shoots per graft; shoot
growth increment (cm); scion diameter increment (mm); rootstock diameter increment (mm);
graft region diameter increment (mm).

The data were subjected to analysis of variance and Scott-Knott test of means (p<0.05).
The homoscedasticity test was carried out according to O'Neill & Mathews (2000). All analyses
were performed using the R software (R Core Team, 2021) using the “ExpDes.pt” package
(Ferreira et al., 2018).

RESULTS AND DISCUSSION

According to the O'Neill & Mathews (2000) test at 5% significance, the variances can be
considered homogeneous. By the Shapiro-Wilk test at 5% significance, the residues are normal.

The present work is a continuation of Simdes etal. (2021), aiming to analyze the
formation of crowns with flowers of different colors. And yet, this work needed the results of
the first one for its execution.

In the same species grafting of Hi the take (80%) and the increments in scion, rootstock,
and graft region diameter yielded the best results, confirming the intraspecific compatibility
in the single-stem grafting (Table 1 and 2). Facciuto et al. (2005) in the Hh/Hh and Hh/Hi
combinations found a mean wedge grafting take of 91.7%. Same species grafting through the
wedge method is efficient for favoring fast healing, growth, and survival of the graft
(Opoku et al., 2019; Simdes et al. 2021).

The single-stem establishment was also superior in the Hr-a/Hi combination (86.6%) (Table 2).
The compatibility between scion and rootstock is observed through some characteristics such as
callus formation in the union, which is an indicator of tissue healing, as well as the long-term
survival (Mudge et al., 2009), the connection between xylem and phloem vessels (Johkan et al.,
2009). In addition, other factors can influence the take, such as the origin of the scions
(Robert et al., 2019), and the type of genetic material used as a scion (Baron et al., 2019) (Figure 2).
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Figure 2. Schematic showing the attachment between the scion and rootstock of a bifurcated seedling
for the Hc/Hi and Hr-a/Hi. *= graft union with callus.

It is necessary to monitor the grafting process in the nursery and even years afterwards, as
there are cases of late rejection in the field that can cause later problems. According to Ferrari et al.
(2004) rejection can occur immediately after grafting or even years after the process. In the grafting
of Cedrela fissilis (white cedar) on Toona ciliata var. australis (australian cedar) the take was over
90% in the nursery and two years after planting in the field, there was a swelling at the base of the
plant (“elephant feet”), which is an indication of late rejection (Kalil Filho et al., 2008).

The cortex and phloem tissues act in the regeneration and connection of the graft. Woody
species that contain more cortex and phloem in the rootstock or canopy present a greater grafting
success potential (Balbi et al., 2019). The high vigor of the European pear cultivars Abbé Fetel and
Rocha was attributed to several probable factors, such as the EMC rootstock (East Malling “C"),
which resulted in a lower deposition of succinic acid, due to the continuous flow in the grafted
region and the high connectivity between the xylems of the canopy cultivars (Machado et al., 2017).
The regulation of the graft union process can occur via the calcium and MAPK signaling pathways
(mitogen-activated protein kinases), which occur during the development of the vascular cylinder
and by cell proliferation and differentiation (Feng et al., 2017).

Another relevant factor for the obtainment of high take rates is the morphological and
physiological affinity of the plants, where the junction of morphological and anatomical
characteristics favors the union of tissues by the better adjustment between rootstock and
scion, since the physiological affinity relates to the composition of the sap, providing efficiency
in the healing process (Peil, 2003).

Table 1. ANOVA for each variable under study.

Establishment (E) Scion diameter increment (SDI)
S DF SS MS F P-value S DF SS MS F P-value
Tr 15 6125 408.3 3.551 0.00152* Tr 15 50.396 3.3597 11.882 0.00000*

B 2 816.7 408.3 3.551 0.04130* B 2 3.385 1.6925 3.551 0.00649*
E 30 3450 115.0 E 30 8.483 0.2828
T 47 10392 221.1 T 47 62265 1.3248
Number of shoots per graft (NS) Rootstock diameter increment (RDI)
S DF SS MS F P-value S DF SS MS F P-value

Tr 15 3.1156 0.2070 2.512 0.01544* Tr 15 9.0132 0.6009 2.760  0.00872*
B 2 03801 0.1900 2299 0.11780* B 2 0.2424 0.1212  3.551 0.57888*

E 30 24801 0.0827 E 30 6.531 0.2177
T 47 59758 0.1271 T 47 15787 0.3359
Shoot growth increment (SGI) Graft region diameter increment (GRDI)
S DF SS MS F P-value S DF SS MS F P-value

Tr 15 21576 1.4384 1.944 0.05911* Tr 15 39.284 2.6189 4797  0.00013*
B 2 2715 1.3575 1.835 0.17704* B 2 0.102 0.051 3.551 0.91137*
E 30 22193 0.7398 E 30 16.38 0.546
T 47 46.484 0.9890 T 47 55766 1.1865

' *Significant by the F test (p>0.05). Caption: S. Source; Tr. Treatments; B. Block; E. Error; T. Total; DF. Degrees of
freedom; SS. Sum of squares; MS. Mean square; F. Statistical test; P-value. Statistical value.
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Table 2. Characteristics evaluated in the grafting between combinations of scions and rootstocks of
Handroanthus species.

Features

NEE  Tesmmais | o RDI GRDI
combinations E (%) NS SGI (cm) SDI (mm)

(mm) (mm)
T1 Hi/Hi 80.0a" 1.0b 28a 6.9a 6.0a 7.9a
v T2 Hr-a/Hi 86.6a 1.6a 24a 48b 5.8a 7.0b
® T3 Hc/Hi 733b 15a 19a 47b 6.0a 6.8b
T4 Hh/Hi 66.6b 1.6a 1.3a 53b 5.5a 6.8b
5 Hi/Hi 80.0a 1.0b 3.1a 6.2a 6.0a 7.8a
Hc/Hi 60.0b 1.0b 3.7a 42b 5.5a 55¢c
6 Hi/Hi 60.0b 1.0b 22a 6.7 a 6.2a 8.2a
Hr-a/Hi 60.0b 13a 1.7 a 44b 52a 57c
7 Hi/Hi 80.0a 1.0b 25a 7.5a 6.0a 8.1a
g Hh/Hi 66.6b 1.4a 16a 46b 5.5a 5.8c¢
= 8 Hc/Hi 933a 1.0b 26a 40b 5.1a 6.0c
Hr-a/Hi 933a 1.6a 25a 48b 54a 6.8b
9 Hc/Hi 733b 13a 20a 46b 5.5a 5.6c¢
Hh/Hi 86.6a 1.0b 21a 49b 5.5a 6.5b
10 Hr-a/Hi 86.6a 1.3a 1.2a 42b 4.4 a 57c
Hh/Hi 86.6a 1.3a 1.6a 47b 54a 6.6 b
Minimum 60.0 1.0 1.2 4.0 4.4 5.5
Mean 771 1.2 2.2 5.2 5.6 6.7
Maximum 93.3 1.6 3.7 7.5 6.2 8.2
CV (%) 13.9 22.7 37.1 10.2 8.3 11.0

"Means followed by the same letter in the column, between the combinations of scions x rootstocks, belong to the same
cluster by the Scott-Knott test (p<0.05). Legend: NSG. Number of stems grafted in the bifurcated seedling; E. Establishment;
NS. Number of shoots per graft; SGI. Shoot growth increment; SDI. Scion diameter increment; RDI. Rootstock diameter
increment; GRDI. Graft region diameter increment. Treatments: wedging in one stem of the bifurcated seedling (T1. Hc/Hj;
T2. Hr-a/Hi; T2. Hh/Hi; T3. Hi/Hi) and wedging in the two stems of the bifurcated seedling (T5. Hc/Hi and Hi/Hi; T6. Hr-a/Hi
and Hi/Hi; T7. Hh/Hi and Hi/Hi; T8. Hc/Hi and Hr-a/Hi; T9. Hc/Hi and Hh/Hi; T10. Hr-a/Hi and Hh/Hi).

In some of the other combinations the take percentage values for single-stem grafting
were lower, such as in Hc/Hi (73.3%) and Hh/Hi (66.6%) (Table 2). Interspecific grafting tends
to lead to lower success rates. Opokuetal. (2019) studying wedge graft between
Khaya ivorensis x Khaya grandifoliola did not obtain high take values, in agreement with the
data of the present study. The graft union is successful when there is an exchange of
metabolites between the scion and the rootstock; when it is deficient it can negatively
influence the taking (Barbosa Filho et al., 2016).

Graft incompatibility is mainly the result of anatomical, physiological, and biochemical
differences that lead to the abnormal development of the graft, being able to cause a
reduction in growth, resistance to biotic and abiotic factors, low yield, and death of the plant
(Martinez-Ballesta et al., 2010; Darikova et al., 2011; Pereira et al., 2014).

Furthermore, molecular changes may occur through the existence of communication and
transference of genetic elements from the rootstock to the scion, and vice-versa. In turn, the
accumulation and maintenance of epigenetic changes in functional genes and promoters
during subsequent cycles of vegetative propagation can contribute to the intra-clonal
variability of the graft, as observed in Hevea brasiliensis, leading to the alteration of phenotypes
(Uthup et al., 2018).

There are limiting factors to grafting success, such as tissue lignification, (Malagi et al.,
2012) as well as beneficial ones, such as auxins (Kumar et al., 2018). For Chinese hickory
(Carya cathayensis L.), the PIN, ABCB, and AUX/LAX genes were identified, known for codifying
inflow and efflux carriers in the polar transportation of auxin. The increase in the expression
of several of such genes, such as CcPIN1b and CcLAX3, is correlated with the success of grafts
(Kumar et al., 2018).
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In the two stem grafts, the canopy/rootstock combinations which showed better take
were the Hc/Hi (93.3%) and Hr-a/Hi (93.3%) treatments, which in the future, after planting in a
permanent location, should lead to the production of a canopy with both colors of flowers due
to the growth of the plants; Hc/Hi (73.3%) and Hh/Hi (86.6%), canopy with yellow and purple
flowers, and Hr-a/Hi (86.6%) and Hh/Hi (86.6%), canopy with white and purple flowers
(Table 2). It is emphasized that the production of these colorful canopies does not constitute
chimeric hybrids produced through grafting. Such a phenomenon was observed in
Laburnocytisus ‘Adamii’, in which from the graft union of Chamaecytisus purpureus and
Laburnum anagyroides an adventitious shoot sprouted with intermediate leaf and flower
characteristics between the phenotypic ranges of the grafted organisms (Cowles &
Chamberlain, 1911).

The scion diameter presented the highest values of take in the same species grafting
combinations Hi/Hi. The lowest values were verified in the Hr-a/Hi (mean of 4.5), Hc/Hi (mean
of 4.3), and Hh/Hi combinations (mean of 4.8) presenting a value of 4.0 mm (Table 2). A
probable explanation for the success of intraspecific compatibility is the larger diameters of
the scion, since generally the diameter of the scion region is slightly larger than the diameter
of the rootstock. If there is much difference between the diameter between scion and
rootstock, incompatibility of grafting may occur (Rodrigues et al., 2004; Darikova et al., 2011).
In addition, the perfect union of the grafts and the larger diameters of the seedlings can favor
cell differentiation and callus formation (Gomes et al., 2010).

CONCLUSIONS

There was compatibility between all wedge grafting combinations in the single-stem and
double-stem bifurcated seedlings.

The highest compatibility rates observed for single-stem grafting belonged to the Hi/Hi
same species grafting (80%) and in the Hr-a/Hi combination (86.6%). As for the double-stem
grafting, the highest values were registered for the following combinations: Hc/Hi (93.3%) and
Hr-a/Hi (93.3%); Hc/Hi (73.3%) and Hh/Hi (86.6%); Hr-a/Hi (86.6%) and Hh/Hi (86.6%).
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