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Scientific novel: Araucaria angustifolia branch may be converted into
orthotropictrunk by grafting*
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ABSTRACT

Grafting technique has been presented as an alternatieafararia angustifoligoropagation. Howevevegetative
rescuing mature trees and obtaining large numbers of propagules is difficult, because the use of branch grafts has not
been indicated due to its plagiotropic and morphogenic characteristic, generally resulting in undesired growth of the
graft. So we aimed to describe the unpublished fact occurred in four plantarmjustifoliagrafted with grafts from
primary branches that resulted in conversion to trunk. Plant growth and morphology were evaluated ten years after
grafting.We verified vertical growth and ganization of trunk and persistent branches with defined whorls, same to
plants grafted with trunk grafts. Field tests with grafted plants using grafts obtained from the four plants resulted in
same development pattern, proving the permanent morphogenic change and opening new perspectives for araucaria
vegetative rescue and graftingfe concluded that trunciform shoots can be obtained. lmngustifoliagrafting with
plagiotropic primary branches. Despite the morphological clarity of trunciform shoots on grafted plagiotropic primary
branches, it has not yet been possible to identify the causes of this reversion.
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INTRODUCTION requiring invesments in the establishment of orchards

. e . . for the production of pine nuts. Otherwise, this activit
Araucaria angustifolias a native species of South mal intgrfere with thepnatural regeneration of the s eci)(/as

America.With its characteristic canopy architecture, this Y 9 P

species can reach an average of 25 meters in height gﬁg' conseque.ntlyts m.aln.t.enance. o
Although still not significant, some initiatives have

1.5 meters in diametdts trunk is monopodial, cylindrical ) i i
and presents rhythmic growthdult plants usually have been observed for araucaria plantations to produce pine

regular rows of primary branches arranged in whorfuts, which may contribute to reduce the species risks of
(between 6 and 10 branches in each whorl) and 8 to gxtinction. To meet this demand, research has sought
whorls. Itis the dominant tree of the Mixed Ombrophilou&ighly productive genotypes, differentiated by production
Forest and can live 300 years or more (Zanettal, time, pine nutsize (Zanetétal, 2017) and precocityn
2017). parallel, alternative methods of propagation by cuttings
The economic, social and environmental importanc@Vendlinget al.,2017a) and by grafting (#vidlinget al.
of A. angustifoliais significant in its naturally occurring 2017b), which maintain the desired characteristics of the
states. In the second half of the twentieth centitsy plants, were also improved. Propagation by seeds (most
timber was heavily targeted by industry leading the specieemmon) does not allow the identification of sex before
to risk of extinction (Carluccet al. 2013). Currently the plant enters the reproductive phase, nor does it
araucaria cutting is prohibited by lawxcept for guarantee the maintenance of the genetic quality of the
plantations. The extraction of its seeds is still commomsglected plant
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Despitethe reduction of areas with angustifolia it Field test to confirm grafts reversion

is relatively easy to identify plants with productive  The field test was composed of four plants that stood
characteristics of interest and multiply them by establisheg; for the change of their growth habit and morphology
methods of \{egetative propagatiop. Howevﬂfre not previously verified in the araucaria. The main objective
dimorphism of its branches and trunk, historically reportegas o confirm the repetition of plant growth behavior
in the first grafting studies with the species (Gurgel &gier grafting, as well as the morphogenic change of the
Gurgel Filho, 1967; Kageyama & Ferreira, 1975; Zobel & atieq hranches. Propagules were removed from the apical
Talbert, 1984), is still considered the main barrier for 'tﬁegion of the grafts sprouts, as well as from buds that
propagation on a large scale. __appeared on the plagiotropic grafts for new grafting using
Morphoanatomic studies have shown- that terming chip budding (\hdlinget al, 2017b) in rootstocks
buds and dormant buds along the araucaria tree trunk ﬁFSduced from seeds and kept in plastic bags of 3.6 L

the only.merist.em.s normally capable 9f producin%im”ar to what happened in the previous stage, after
orthotropic (verticalized) shoot growth (Nikles, 1964).

- . o ) grafting success, the plants were definitely transplanted
Although recent findings (identification of strlgolactonesto the field and monitored.

elu0|'dat|on of t'helr b|0§yntheS|s and signaling) prpwde This research has a descriptive charact@rce it
relatively clear information on the molecular regulation of

. . t lished fact h Iting f
axillary shoot growth (Domagalska & Leys2e11: Smith presents unpublished facts and phenomena resulting from

. . _ fti ith h les. tanding h
& Li, 2014; Flemattiet al, 2016), our understanding Ongra Ing with branc propagu es. Understanding how
. . S = . these phenomena occur will be an important step to enable
axillary meristem initiation at the molecular level is still

incomplete (Véng & Jiao, 2018). In the case of araucariaw ellvaesgg?::: rfj;&;ig:] nc:? It:rreetrseczslefrorrzftt;rdani:;:tz, as
it is suggested that there are different mechanisms of P 9 9 P '

internal regulation in the axilla of trunk and branch needles
as they originate plants with different crown architecturec.éESULTSAND DISCUSSION

This paper reports araucaria grafted from plagiotropic  Two distinct morphogenic behaviors were observed
branch propagules that resulted in plants with verticghat resulted in four plants with vertical growth and trunk
growth and stem with morphology and trunk functionyorphologyin none of them was verified flower initiation.
There is no mention in the literature farangustifoliaor | the first one, the grafts presented clearly plagiotropic
otherAraucariacea trees regarding this, a fact that makgsiig) growth and branch morphology (Figure 1A). Over

this discovery unprecedented and allows to make SOMife, they began to have an orthotropic growth and trunk
hypotheses about such betwa. morphologyindicating morphogenic changes in the plant

MATERIAL AND METHODS (Figure 1D).
In the second behaviathe development (induction)
Experimental condition of vertical sprouting on the upper surface of plagiotropic

We evaluated grafted plants established in the field Braft was verified, also accompanied by morphogenic
an experimental area of Embrapa Forests, located Aanges (Figures 2B and C).
Colombo-PR (Lat. 25° 19,206 ‘S, Long. 49° 9,504Alt. In general, grafts from primary branches presented
928 m).The regions climate is classified as temperate (Cftouds with initial inclined growth (plagiotropic) and
according to Képpen-Geiger climate classification), wittdlisorganized secondary branching, identical to their place
the coldest month temperature between -3 and 18 ° @,origin (Figure 1A)At ten years of age, howevéour
humid, well-distributed rainfall throughout the yearplants were found with some growth characteristics
Average annual rainfall around 1,500 mm without theonsidered unusual in araucaria grafted with this type of
occurrence of a dry season. material, mainly because they occurred simultanepusly
The grafts used in the grafting were obtained froronstituting important markers related to the change of
shoots naturally emitted on canopy branches of 30-yedfopism and morphogeny
old adult trees, as can be seefMendlinget al (2016 - ) R
Figure 1A). The grafting technique employed was by cleft Vertical growth and organization in whorls
graft in rootstocks of approximately 1.5 years and 80 cmin In Figure 1B itis possible to clearly observe the primary
height produced by seeds, kept in a pot. branch vertical growtilthough uncommon, this growth
The grafts were finally transplanted at the field omharacteristic contradicts the reports of Nikles (1964) who
September 2007. The plants were kept clean by perioditated in his work that the terminal bud and the dormant
crowning during the first year and later by mowing. Grafones along théraucariaceae trunk were the only
growth habits, morphology and sexual reproductiomeristems capable of producing buds with orthotropic
initiation were evaluated. growth.
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Figure1: Different growth behaviors @éf. angustifoligplants grafted from primary branch&g:Plant with disoganized secondary

branching (1) and plagiotropic growth (2); B) Plant with secondary branching arranged in whorls (1) and vertical growth (2); C)
Differentiation in growth rate: primary branch - determined growth (1), trunk - undetermined growth (3) and induction of orthotropic
shoots in the rootstock (2); D) Plant with reversion of plagiotropism and branch-to-trunk morphology (approximately 10 years)

with secondary branch organized in whorls (1).
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In Figure 1D the oldest branch (secondary branches) A possible explanation for the transformations that
of the stem near the grafting region is disorganizedccurred is the existence of silencing signals from genes
Plagiotropic graft tend to form a canopy architecture simtransmissible to the graft. This concept may be the key to
lar to that from which the material was obtained. In tha new approach to the graft transformation puzzle (Mudge
intermediate region, howevdiranching began to line up et al, 2009). Recent research further broadens this view
in definite whorls, were it is possible to observe a fourtin conjunction with the likely involvement of epigenetic
order of branches (Figure 2A), common in araucaria, birtheritance mechanisms.
uncommon in plants grafted with plagiotropic branches, The environmental condition can induce epigenetic
leading to believe in a possible morphogenic changtanges and thus reveal a hidden genetic variability
(reversal) to the trunk. Although information about this mechanism has been

Vertical growth of grafts from primary branches wagrowing rapidly in recent years, helping to understand
observed in a previous survey (unpublished data) in @rious biological processes, its understanding is still a
least 10% of the three-yeald grafted plants. However great challenge (¥ira, 2017).
the verticalization process was not accompanied by the Another concept also poorly understood is the “hybrid
organization of the secondary branches into well-definegtaft” in which the transfer of genetic material from the
whorls, which would characterize trunk formation, asootstock can promote graft transformation, leading to
occurred in this research. The authors attributed the tygereditary changes (Goldschmidt, 2014).
age and position of the propagule in the canopy of the On-site observations, howeyesuggest a process of
mother plant as probable determining factors for sudiress on grafts due to plant age. The araucaria trunk
growth behaviar presents indeterminate radial growth (Figure 1C), unlike

i i i the branch that is determined (Zanedteal, 2017).
Longevity and thickening of branches Therefore, the growth rate of the rootstock can lead to

Besides the change of tropism, the plants alsacompatibility (Wendlinget al, 2017b), and thus a growth
presented secondary branches with different growth #iress capable of generating stress and to influence plant
thickness and longevityn Figure 2Ait is possible to development.
observe that the secondary branches are thicker and ofRegarding the growth behavior of the plant in Figure
longer life when compared to branches of the plants thag and C, it is possible that there has been a stress process
kept the tropism similar to the place of origin (Figure 1A)due to local conditions (long and low growth under
indicating physiological alterations with reflex in the p|al’l‘/egetation, competition, suffering with frequent mowing
morphogenesis. In general, the araucaria secondafythe area in which it is found), since environmental
branches are flexible, have anatropic growth (withowisturbances and stress at ground level are some of the
preferential direction) and a limited life cycle between Pnost important factors influencing the development of
and 7 years (Zanette et al., 2017). For a bettepicormic sprouts (Burrows, 2008; Cotinal, 2010).
understanding of the branches Af angustifolia, Different from other species in which this type of
Hackbarth et al. (2017) studied the different stemgprouting may be the product of morphogenesis when a
physiology of the species and found differences in théambium cell transformation occurs to give rise to the
amino acids of trunk, branches and vines (“grimpas”hew sprout (Rasgt al, 1988), in the case of araucaria,
The result confirms the particularities of each stem angprouts originate from a set of meristematic cells in the
therefore, for morphogenic change to occur (a primagkilla of the needles (Burroves al, 2003). These meristems
branch is generated in place of a secondary branch), thaggially do not differentiate into other tissues without some
must be some mechanism responsible for reprogrammiggmulation (Burrows, 1990; Meiet al, 2012). Therefore,
gene expression and acquiring cellular competence. Theke changes observed in this work may be related to the
issues, howeveare little clarified so far (Rocha et al., existence of a physiological process capable of triggering
2016). a signal that reflects the morphogenic competence of cells

The interaction between graft and rootstock majeading to a particular and permanent development of the
explain, in some cases, the morphologgatomy and plant.
physiology of grafted plants (Hartmamt al, 2011; _

Santarosa & Souza, 2016). Howewvbere are no studies Field test

on this topic in araucaria grafting with a view to The growth behavior of the grafted and field-
morphogenic change, and it is more common to relate theintained plants was similar to that of the origin plants
interaction to the compatibility between the partgplants that showed vertical growth and morphogenic
(Wendlinget al, 2017b) and the crown morphology orchange). Howeverthe growth was vertical from the
tropism (Constantino & Zanette, 2018). beginning of the graft sprouting and the whorls were

Rev CeresVicosa, v67, n.1, p. 086-091, jan/feb, 2020




90 Valdeci Constantinet al.

Figure 2: Thick and lignified branches arranged in definite whorls, highlighting the primary branch that was converted into main trunk
(1), secondary (2), tertiary (3) and fourth order branches (4) (A); Induced orthotropic budding (2) on plagiotropic branch (1) (B and
C); Field test: grafting with material obtained from plant that showed morphogenic and tropism changes (2), rootstock (1) (D).
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