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ABSTRACT

In Brazil after 25 to 30 years of rubber production, when yield starts to drop, rubber trees are felled and destined
for firewood and charcoal, despite the good mechanical properties and workability of the wood, and relatively low
production costs. Wood with low starch content could be destined for the production of higher added-value
products with potential to spare deforestation of many native forest species, but in rubberwood starch increases
palatability by wood borers and accelerates fungal degradation, thus compromising wood durability and the quality
of timber. The aim of this study is to determine whether removal of the outer part of wood or varying the season
of logging would result in wood with lower starch content. We measured the content of starch using enzymatic
hydrolysis, the radial distribution of starch grains by light microscopy, and the corresponding seasonal variation
of starch in 25-year-old felled trees. Rubberwood had large amount of starch in its entire trunk, increasing from
the inner to the outer region, before decreasing in the outermost sapwood. Starch content was lower in summer,
although higher than in other timber species. After relating our data to a comprehensive bibliographic survey of
starch quantification in rubberwood, we concluded that there are no technological arguments to destine the inner
part of rubber tree trunks to the production of higher value products.
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KEY MESSAGE
The corewood of 25-year-old H. brasiliensis has lower starch content than the sapwood, but this content is

two or three folds higher than the content commonly observed in the heartwood of timber species.

INTRODUCTION

Hevea brasiliensis (Willd. ex A.Juss.) Miill. Arg., commonly known as rubber tree, has high economic
importance as the main source of natural rubber, a product with increasing global demand and multiple applications
in the industry (Martin and Arruda 1993). Rubber tree originates from the tropical rainforests of the Amazon in
South America, warm and moist throughout the year. Outside its native regions, it may have a deciduous behaviour

which may become more pronounced especially where there is a dry season (Cardoso et al. 1989; Kumagai et al.



2015). In Brazil, plantations of rubber trees reach 218,307 ha (IBA 2019); the clones RRIM 600 and GT-1, are the
most planted and productive. After 25 to 30 years, when rubber production starts declining, trees are replaced and
the wood is traditionally destined to low added value products, like, for example, pallets and fuel (Eufrade Junior
et al. 2015). Rubberwood presents favourable physical and mechanical properties (Eufrade Junior et al. 2015),
good workability, and low production costs (Killman and Hong 2000; Balsiger et al. 2000; Hashim et al. 2005,
Teoh et al. 2011) and can be used in small structures, lightweight construction, indoor building components, panels
(Faria et al. 2020a), wooden toys (Lim et al. 2003) and furniture. Inexpensive rubberwood furniture is well-
perceived in Southeast Asia (Ratnasingam et al. 2007). In Malaysia and Thailand, where there is strict control on
forest logging and support for rubberwood production, in 2007 more than 35% and 60%, respectively, of the total
exported wood products (furniture, sawn wood, and logs) were made with rubberwood (Shigematsu et al. 2011).
Use of rubberwood for timber has therefore the potential to spare deforestation of many native forest species
(Eufrade Junior et al. 2015; Severo et al. 2016).

A key factor limiting the utilization of rubberwood is durability (Milingliang and Zhijuan 2008; Severo et al.
2016). Untreated rubberwood is moderate resistant to decay — class 3 of ASTM D2017, which means average
weight losses of 25 to 44% [please indicate for non experts over what period and in what conditions the weight is
lost] (ASTM 2017; Rodrigues et al. 2018; Uyup et al., 2019). Wong et al. (2005), based on a regional classification
used by the Malaysian market, reported class 4 (losses of 11 to 30% [please indicate for non experts over what
period and in what conditions the loss occurs]- wood has less than two years life in tropical climates). The
ephemeral life of rubberwood is due to the high starch content, which makes wood appetible to fungi and insects
(Hong and Sim 1994; Hong 1995; Silpi et al. 2007; Chantuma et al. 2009; Servolo Filho 2013). In fact, starch
contents higher than 8g/100g have been reported in rubberwood (Kadir and Sudin 1989; Hong and Sim 1994;
Hong 1995; Santana and Eiras 1999; Killmann and Hong 2000; Silpi et al. 2007; Milingliang and Zhijuan 2008;
Tamolang 2008; Chantuma et al. 2009; Teoh et al. 2011), while in timber species starch content ranges from
1g/100g to 3g/100g (Santana and Eiras 1999).

Wood is normally distinguished into an outer conducting portion containing living parenchyma cells called
sapwood, and an inner portion, called heartwood, where parenchyma cells are dead, and the vessels are clogged
by the deposition of tannins, resins, phenols, and terpenes. These compounds, sometimes collectively referred to
as extractive, help make heartwood more resistant to attack by insects and decay but also tend to give this inner
portion of the stem a distinctive darker colour. Starch is commonly present in the sapwood, and some authors
reported the absence or only traces of starch in the heartwood of Robinia pseudoacacia (Magel et al. 1994), Juglans
nigra (Dehon et al. 2002), Pinus sylvestris (Bergstrom 2003), Larix kaempferi (Nakada and Fukatsu 2012) and
Tectona grandis (Niamké et al. 2011, 2018), contributing to their durability. Rubberwood is difficult to
differentiate by colour (Killmann and Hong 2000; Edwin and Ashraf 2006; Teoh et al 2011), but the inner part of
the trunk, called corewood, does not conduct sap because vessels are occluded by outgrowths of parenchyma cells,
called tyloses (Evert 2006, Spicer 2016). In corewood there is an external transition zone, where some parenchyma
cells are alive, to the internal heartwood, which may only occur in older trees. If a gradient of starch content is
present in rubberwood, the inner part of the trunk could be used to derive timber, while the remainder could be
used for low added value products or energy generation. Furthermore, deciduous trees present an abrupt starch

decrease after re-foliation and flowering (Lacointe et al. 1993; Witt and Sauter 1994; Barbaroux et al. 2003; Silpi



et al. 2007), and if seasonality in starch content is also present in rubber trees, it could be harnessed to increase the
quality of timber.

We set out to investigate whether the seasonal and spatial variation in starch content in rubberwood can be
exploited to obtain timber with lower starch content. We measured the radial distribution of starch in the main

trunk of Hevea brasiliensis in two seasons (winter and summer).

MATERIAL AND METHODS
Sites

Trees were growing with spacing of 7m between rows and 3m between plants in two experimental plantations
in Brazil:

*  Mococa (APTA Regional Nordeste Paulista) 21° 28'S and 47° 01' W, average altitude of 621m, on Red Argisol
of clayey texture, although it has high capacity of water storage, it has physical limitations, namely low depth
and presence of gravel or pebbles on the surface (IAC/APTA 2015). The climate classification is Aw (K6ppen-
Geiger), with annual precipitation 1168mm (Climate-Data.Org. 2021);

¢ Ribeirao Preto (APTA Regional Centro Oeste) 21° 12' S and 47° 52' W, average altitude of 534m, on Red
Latosol with clayey texture is fertile and has good physical properties (IAC/APTA 2015). The climate
classification is Aw (Koppen-Geiger) with annual precipitation of 1384mm (Climate-Data.Org. 2021).

The climate data of the seasons, representative of the last 10 years in each of the sites are shown in Table S1.

Both experimental sites were similar in climatic conditions in their respective seasons (Table S2).

Sampling

Eight 25-year-old trees (clones RRIM 600) were randomly felled at each site in August 2016 (winter) and
February 2017 (summer) totalling 32 trees (8 trees x 2 sites X 2 seasons).

One 8 cm-thick disk was cut 30 cm above the ground from each tree for starch quantification every one-fifth
long the larger radius of the tree (Fig. 1A). Specimens varied in width (W) from 2.60 cm to 4.40 cm (Fig. 1A).

For microscopic observation of tyloses and starch grains distribution along the radius, a disk was sampled
just below the other disk, in a random tree at each site and at each season, obtaining samples every 1cm along the

radius (Fig. 1B).

Starch content

Samples were oven dried at 70°C and milled into a fine powder with no evident fibre structure. An internal
reference standard (IRS) was prepared by pooling small aliquots from all wood samples and thoroughly mixing
repeatedly (Bellasio et al. 2014). We analysed the IRS for several days until the reading stabilized before measuring
samples.

Starch was quantified following procedure of Bellasio et al. (2014), optimized for the analysis of starch in
wood. Briefly, starch was hydrolysed with a-amylase (Bacillus licheniformis E-BLAAM, Megazyme, Ireland) and
then with high purity amyloglucosidase (Aspergillus niger E-AMGDF, Megazyme, Ireland). The resulting glucose
was assayed through a coupled enzymatic reaction of o-dianisidine (PGO kit, Sigma, St Louis, USA),

spectrophotometrically quantified.



Starch grains and tyloses in the wood

We cut 15 to 20 um thick transverse sections in sliding microtome and observed using a light microscopy
(Axioscop 40) with a camera Axiocam MRC — (ZEISS, Germany). Starch grains were revealed by embedding the
wood sections in an aqueous Lugol's iodine solution (I,KI) for 2 min (Wargo 1975). Regions where we observed

tyloses plus starch grains were classified as corewood, and those without tyloses were classified as sapwood.

Statistical analysis

The mixed generalized linear model (GLMM) with gamma probability distribution and logarithmic link
function (Nelder and Wedderburn 1972; Bolker 2015) was used to evaluate the effects of the radial position, site
and season on the starch content, considering the variability of repeated measures of trees along their radius. The
site, season and radial position covariates were included in the model as a fixed effect and the individual tree as a
random effect, and were followed by a Tukey post-hoc multiple comparison test with 5% probability. The
comparison between climatic data of the sites, measured annually in the winter and summer seasons in the last 10
years, was performed using the Mann-Whitney test and results expressed as median (range). All analyses were
performed in software R v3.5.2 (R CORE TEAM 2019), using the R-package ‘Ime4’ to develop the GLMM (Bates
et al. 2013) and R-package "emmeans" to the post-hoc tests (Lenth 2020).

RESULTS
Starch content

Starch content ranged from 6 to 17g/100g (Table 1), showing a well-defined radial distribution, increasing
from the centre to 80% of the radius, followed by a decrease closer to bark, for both collection sites and seasons.
The average starch content was higher in winter than in summer along the entire radius for the two sampling sites

and lower in Mococa than in Ribeirao Preto (Fig. 2).

Microscopic analysis of the samples

Figure 3 shows cross section micrographs of rubberwood where starch grains were stained with lugol solution
ordered from the innermost (Panel A) to the outermost (Panel I). Starch grains appear in all sections.

Corewood differentiated from the outermost region (sapwood) by the presence of tyloses plus starch grains.
The width of corewood ranged from a minimum of 3 cm wood harvested from Mococa to 7 cm in wood harvested
from Ribeirao Preto (Table 2). Interestingly, trunks from Ribeirao Preto had smaller diameter than those from

Mococa (27 and 36 cm, respectively) but a higher proportion of corewood (48% and 22%, respectively).

DISCUSSION

Starch grains stored in the parenchyma cells of the secondary xylem have an important role in the tree’s
functioning, as these can be hydrolysed into soluble sugars to repair cavitation, translocated to heterotrophic organs
of the tree that need these sugars, and can be used when photosynthesis does not supply the carbon requirements

for maintenance and growth (Glerum 1980; Kozlowski 1992; Lacointe et al. 1993, 1995; Witt and Sauter 1994;



Barbaroux and Bréda 2002; Hoch et al. 2003; Silpi et al. 2007; Plavcova and Jansen 2015). In particular, in the
deciduous species, including H. brasiliensis when behaving deciduously, starch is the unique carbohydrate source
during the sprouting period (Lacointe et al. 1993; Barbaroux and Bréda 2002). Starch severely limits wood
durability, making it appetible to fungi and insects (Hong and Sim 1994; Hong 1995; Silpi et al. 2007; Chantuma
et al. 2009; Servolo Filho 2013). Durability was repeatedly identified as the main limit to the broad application of
rubberwood (Hong et al., 1999, e.g.). Nevertheless, rubberwood presents favourable physical and mechanical
properties, shown in our previous studies (Eufrade Junior et al. 2015), good workability and low production costs.
Unfortunately, in almost all previous research, durability of rubberwood was evaluated in qualitative terms (HONG
et al., 1999, e.g.), comparing its performance with other timber species, without setting a target of required
durability for timber exploitation. On the other hand, standard studies of rubberwood durability are quite recent,
reporting the class of durability, but not evaluating the starch content (Rodrigues et al. 2018, e.g.).

We set out to investigate whether inner regions of the trunk of rubberwood have lower starch content,
which could justify lamination (peeling) of sapwood and technological exploitation of corewood, for instance, in
the production of preservative-free high added-value products. Our study is the only one investigating the radial
distribution of starch in rubberwood. We found high contents of starch in all regions of rubberwood (6.2 — 17.5
2/100g, Table 1). Starch content decreased towards the centre of the trunk (Table 1), but even the minimum starch
content observed in the innermost part was two or three folds higher than the content commonly observed in the
heartwood of timber species (1g/100g —3g/100g; Santana and Eiras 1999), suggesting that the inner part of
corewood was not yet differentiated into heartwood. In other species the starch content in heartwood is generally
negligible (e.g. Pinus sylvestris - Bergstrom 2003, Robinia pseudoacacia - Magel et al. 1994, Juglans nigra -
Dehon et al. 2002, Larix kaempferi - Nakada and Fukatsu 2012, Tectona grandis - Niamké et al. 2011, 2018) We
conducted a comprehensive bibliographic survey of previous studies investigating starch content in rubberwood
(Table 3). True heartwood apparently does not form in rubber tree plantations. Although we cannot exclude that
true heartwood may eventually form in older trees in the wild we did not find any study reporting its characteristics
and starch content.

Several factors influence starch content, like the age of the plantation, the phenology, the season, and site
characteristics — soil and climate. Silpi et al. (2007) and Chantuma et al. (2009) observed low starch content in 8
to 9-year-old juvenile plantations. Young plants have higher growth rates with more pronounced radial growth,
especially in the summer season, i.e., rainy season in a tropical environment, when trees have leaves and fruits
(Rodrigo 2007). Chantuma et al. (2009) reported radial growth in juvenile plantations even in the dry season
(conditions DS+RAGR [can you explain for non experts please], Table 3), differently from what we observed in
mature plantation. Higher growth rate and latex production divert carbohydrates for biomass and respiration,
possibly competing with allocation to starch (Lacointe et al. 1993; Witt and Sauter 1994; Barbaroux et al. 2003).
Sapwood starch might be more readily converted into soluble sugars and mobilised than corewood starch (Magel
et al. 1994, Sala et al. 2011). The increase of sapwood starch content in winter provides evidence that trees tend
to adjust the amount of carbohydrate reserves to the lower needs for maintenance, growth, and reproduction.
Perhaps, the lower carbon requirements for growth, production, and maintenance of mature trees can be satisfied

by the outermost sapwood. Therefore, starch would not be a sink for carbon overspill, but rather an ‘insurance’



against adverse conditions. However, the reasons for maintaining high starch content in the corewood and invariant
through the seasons are unknown.

Considering high starch contents observed along the entire radius of rubber trees trunks in all the situations
evaluated, laminating would have no value to enhance durability; therefore, the usage of its wood for products that
demand higher durability, would require prophylactic preservative treatments immediately after processing of logs
(Teoh et al. 2011), and impregnation of chemicals after drying (Faria et al. 2020b), or use of chemical modification
of wood without the use of biocides (Oldertrgen et al. 2016), heat treatments using hot oil (Umar et al. 2016) or

steam (Bakar et al. 2013; Severo et al. 2016; Zhang et al. 2019) as heating media for rubberwood conditioning.

CONCLUSION

We conclude that rubber trees accumulate a large amount of starch in its wood, from the innermost to the
outermost regions of sapwood. In summer, starch content is lower, although higher than in other timber species.
The corewood has considerable starch content, commonly associated with low natural biological durability. There

are no technological arguments to destine rubber corewood to timber.

REFERENCES
ASTM- American Society of Testing and Materials (2017) - Standard test method of accelerated laboratory test

of natural decay resistance of woods. 5p.

BAKAR BFA, HIZIROGLU S, TAHIR PM (2013) Properties of some thermally modified wood species. Materials
and Design, United Kingdom, v. 43, p. 348-355

BALSIGER J, BAHDON J, WHITEMAN A (2000) The utilization, processing. and demand for rubberwood as a
source of wood supply. Asia- Pacific Forestry Sector Outlook Study Working Paper Series 50, FAD Regional
Office for Asia and the Pacific, Bangkok. 64p.

BARBAROUX C, BREDA N, DUFRENE E (2003) Distribution of aboveground and below-ground carbohydrate
reserves in adult trees of two contrasting broad-leaved species (Quercus petraea and Fagus sylvatica). New

Phytologyst, United Kingdom, v.157, p.605-615.

BARBAROUX C, BREDA N (2002) Contrasting distribution and seasonal dynamics of carbohydrate reserves in
stem wood of adult-ring porous sessile oak and diffuse-porous beech trees. Tree Physiology, United Kingdom,

v.22, p.1201-1210.

BATES D, MAECHLER M, BOLKER B, WALKER S, CHRISTENSEN RHB, SINGMANN H, DAI B,
SCHEIPL F, GROTHENDIECK G, GREEN P, FOX J, BAUER A, KRIVITSKY PN (2013) Ime4: Linear mixed-

effects models using Eigen and S4. <http.://cran.r-project.org/package=Ime4>.

BELLASIO C, FINI A, FERRINI F (2014) Evaluation of a high throughput starch analysis optimised for wood.
PLoS One, United States, v.9, n. 2: e86645.



BERGSTROM B (2003) Chemical and structural changes during heartwood formation in Pinus sylvestris.
Forestry, United Kingdom, v.76, p.45-53.

BOLKER BM (2015) Linear and generalized linear mixed models. Ecological Statistics: Contemporary Theory
and Application, eds G. A. Fox, S. Negrete-Yankelevich, and V. J. Sosa (Oxford: Oxford University Press).
CARDOSO M, LAVORENTI C, GONCALVES PS, BOAVENTURA M (1989) Biologia, citogenética e ploidia
de espécies do género Hevea. O Agrondmico, v.41, p.40-64.

CHANTUMA P, LACOINTE A, KASEMSAP P, THANISAWANYANGKURA S, GOHET E, CLEMENT A,

GUILLIOT A, AMEGLIO T, THALER P (2009) Carbohydrate storage in wood and bark of rubber trees submitted
to different level of C demand induced by latex tapping. Tree Physiology, United Kingdom, v. 29 p.1021-1031.

CLIMATE-DATA.ORG. CLIMATE DATA FOR CITIES WORLDWIDE (online). <https://en.climate-data.org>

DEHON L, MACHEIX JJ, DURAND M (2002) Involvement of peroxidases in the formation of the brown

coloration of heartwood in Juglans nigra. Journal of Experimental Botany, United Kingdom, v.53, p.303-311.

EDWIN L, ASHRAF PM (2006). Assessment of biodeterioration of rubber wood exposed to field conditions.

International Biodeterioration & Biodegradation, v.57, p.31-36.

EUFRADE JUNIOR H, OHTO JM, DA SILVA LL, LARA PALMA HA, BALLARIN AW (2015) Potential of
rubberwood (Hevea brasiliensis) for structural use after the period of latex extraction: a case study in Brazil.

Journal of Wood Science, v. 61, n. 4, p. 384-390.

EVERT RF (2006) Esau’s plant anatomy — meristems, cells, and tissues of the plant body: their structure, function,
and development. John Wiley and Sons, New Jersey.FARIA DL, LOPES TA, SCATOLINO MV, PROTASIO
TP, NASCIMENTO MF, LAHR FAR, MENDES MB GUIMARAES JUNIOR JB (2020a) Studying the
grammage in LVL panels glued with castor oil-based polyurethane adhesive: a possible alternative to

formaldehyde releasing adhesives. Cerne, v. 26, n. 1, p.140-149.

FARIA DL, SCATOLINO MV, LOPES TA, MESQUITA JUNIOR L, MOTA GS, GUIMARAES JUNIOR JB,
MENDES LM, SORIANO J (2020b) Performance of glulam beams produced with free-formaldehyde adhesive
and underexploited rubber wood treated with preservatives solutions of chromated copper borate and pyrethroids,

Journal of Adhesion Science and Technology, v.34, n. 11, p. 1145-1162,

GLERUM C (1980) Food sinks and food reserves of trees in temperate climates. New Zealand Journal of Forest
Science, United States, v.1, p.176-185.

HASHIM R, HOW LS, KUMAR RN, SULAIMAN O (2005) Some of the properties of flame retardant medium
density fiberboard made from rubberwood and recycled containers containing aluminum trihydroxide. Bioresource

Technology, v 96, p. 1826-1831.

HOCH G, RICHTER A, KORNER C (2003) Non-structural carbon compounds in temperate forest trees. Plant
Cell & Environment, United Kingdom, v.26, p.1067-1081.



HONG LT (1995) Rubberwood utilization: a success story. Paper presented at the XX International Union of
Forestry Research Organizations (IUFRO) World Congress, Tampere, Finland, 6-12 August 1995.

HONG LT, SIM HC (1994) Durability of rubberwood. In: Hong LT; Lim SC (eds.). Rubberwood processing and

utilization. Kuala Lumpur: Forest Research Institute of Malaysia. p.37-50.

IAC- Instituto Agrondmico de Campinas; APTA — Agéncia Paulista de Tecnologia dos Agronegécios (2015).
Solos do Estado de Sdo Paulo. <https://www.iac.sp.gov.br/solossp/>.

IBA- Indiistria Brasileira de Arvores (Brazilian tree industry). Relatério 2019. 80p.

KADIR AA, SUDIN R (1989) Carbohydrates in rubberwood (Hevea brasiliensis Muell.). Holzforschung, Austria,
v.43,n.3, p.173-178.

KILLMANN W, HONG LT (2000) Rubberwood — the success of an agricultural by-product. Unasylva, Itdlia,
v.51,n.2, p. 66-72.

KOZLOWSKI TT (1992) Carbohydrate sources and sinks in woody plants. Botanical Review, United States, v.58,
p.107-222.

KUMAGAI T, MUDD RG, GIAMBELLUCA TW (2015) How do rubber (Hevea brasiliensis) plantations behave
under seasonal water stress in northeastern Thailand and central Cambodia? Agricultural and Forest Meteorology,

v. 213, p.10-22.

LACOINTE A, KAJIT A, DAUDET FA, ARCHER P, FROSSARD JS, SAINT-JOANIS B, VANDAME M (1993)

Mobilization of carbon reserves in young walnut trees. Acta Botanica Gallica, France, v.140, p.435-441.

LACOINTE A, SAUTER JJ, AMEGLIO T, HARMS U, PELLICER V, FROSSARD JS (1995) Carbohydrate and
protein reserves in trees. In: Contribution to Forest Tree Physiology. EUROSILVA (Les Colloques, No. 76).
SANDERMANN H.; BONNET-MASIMBERT M (eds.). INRA-Editions, Paris, pp 273-296.

LENTH R (2020) Emmeans: estimated marginal means, aka least-squares means. R package version 1.4.4.

<https://CRAN.R-project.org/package=emmeans>.

LIM SC, GAN KS, CHOO KT (2003): The characteristics, properties and uses of plantation timbers — Rubberwood
and Acacia Mangium. Timber Technology Bulletin No. 26. Kuala Lumpur, Timber Technology Centre, Forest

Research Institute Malaysia: 11.

MAGEL E, JAY-ALLEMAND C, ZIEGLER H (1994) Formation of heartwood substances in the stemwood of
Robinia pseudoacacia L 11. Distribution of nonstructural carbohydrates and wood extractives across the trunk.

Trees, Germany. v. 8. p.165-171.

MARTIN BM, ARRUDA ST (1993) A producido brasileira de borracha natural: situacio atual e perspectivas.

Informagoes Econdémicas, Sao Paulo, Brazil, v.23, n.09, p. 9 - 55.



MILINGLIANG J, ZHIJUAN W (2008) Rubberwood preservation by friendly preservatives. In: Proceedings of
the ITTO/CFC International Rubberwood Workshop. ZHAO Y (ed.), Haikou, China. p. 117-128.

NAKADA R, FUKATSU E (2012) Seasonal variation of heartwood formation in Larix kaempferi. Tree
Physiology, United Kingdom, v. 32, n. 1, p. 1497-1508.

NIAMKE FB, AMUSANT N, CHARPENTIER JP, CHAIX G, BAISSAC Y, BOUTAHAR N, ADIMA AA,
KATI-COULIBALY S, JAY-ALLEMAND C (2011) Relationships between biochemical attributes (non-
structural carbohydrates and phenolics) and natural durability against fungi in dry teak wood (Tectona grandis L.

f.). Annals of Forest Science, France, v. 68, p. 201-211.

NIAMKE FB, ADIMA AA, KATI-COULIBALY S, AMUSANT N, JAY-ALLEMAND C (2018) Heartwood
formation process in teak (Tectona grandis L. f): fate of non-structural carbohydrates and characterization of

forsythoside B. International Journal of Biological and Chemical Sciences, Cameroon, v.12, n.3, p. 1102-1112.

NELDER J, WEDDERBURN RWM (1972) Generalized Linear Models. Journal of the Royal Statistical Society:
A, United Kingdom, v.135, p.370-384.

OLDERTR@EN K, H-KITTIKUN A, PHONGPAICHIT S, RIYAJAN S, TEANPAISAL R (2016) Treatment of
rubberwood (Hevea brasiliensis) (Willd. ex A. Juss.) Miill. Arg. with maleic anhydride to prevent moulds. Jounal

of. Forest. Science., 62: 314-321.

PLAVCOVA L, JANSEN S (2015) The role of xylem parenchyma in the storage and utilization of nonstructural
carbohydrates. In: Functional and Ecological Xylem Anatomy. HACKE U. (ed). Springer, Cham. p. 209-234.
<https://doi.org/10.1007/978-3-319-15783-2_8>

R CORE TEAM (2019) R: A Language and Environment for Statistical Computing. <http://www.r-project.org/>

RATNASINGAM J, IORAS F, MACPHERSON TH (2007) Influence of wood species on the perceived value of
wooden furniture: the case of rubberwood. Holz Roh Werkst v.65, p. 487—489. <https://doi.org/10.1007/s00107-
007-0186-4>

RODRIGO VHL (2007) Ecophysiological factors underpinning productivity of Hevea brasiliensis. Braz. J. Plant
Physiology [online], vol.19, n.4, p.245-255. ISSN 1677-9452. <https://doi.org/10.1590/S1677-
04202007000400002>.

RODRIGUES PLM, SEVERO ETD, CALONEGO FW, PELOZZI, MMA (2018) Drying behavior and decay
resistance of rubberwood from steamed log and presteamed lumber, Drying Technology, v.36,n.10, p.e1243-1249.
<https://doi.org/10.1080/07373937.2017.1399274 >

SALA A, FOUTS W, HOCH G (2011) Carbon storage in trees: does relative carbon supply decrease with tree
Size? MEINZER FC et al. (eds) In: Size- and Age-Related Changes in Tree Structure and Function, Tree
Physiology 4, Springer Science+Business Media, p. 287-306.

10



SANTANA MAE, EIRAS KMM (1999) Madeira de Hevea brasiliensis: adequacdo tecnoldgica para a sua
utilizacdo. Brasilia, DF: Laboratério de Produtos Florestais do Instituto Brasileiro do Meio Ambiente e dos

Recursos Naturais Renovdveis. 90 p. Not published.

SERVOLO FILHO HJ (2013) Propriedades mecanicas da madeira de clones de seringueira (Hevea brasiliensis-
RRIM 600 e GT 1) analisadas em duas épocas do seu ciclo fenoldgico anual. Tese (Doutorado em Ciéncias,

Recursos Florestais) -Escola Superior de Agricultura "Luiz de Queiroz", Piracicaba, 90p.

SEVERO ETD, CALONEGO FW, SANSIGOLO CA, BOND B (2016) Changes in the chemical composition and
decay resistance of thermally modified Hevea brasiliensis wood. PloS One, v. 11, n. 3, p.e0151353.
<https://doi.org/10.1371/journal. pone.0151353>

SHIGEMATSU A, MIZOUE N, KAJISA T, YOSHIDA S (2011) Importance of rubberwood in wood export of
Malaysia and Thailand. New Forest, v.41, p.179-189.

SILPI U, LACOINTE A, KASEMPSAP P, THANYSAWANYANGKURA S, CHANTUMA P, GOHET E,
MUSIGAMART N, CLEMENT A, AMEGLIO T, THALER P (2007) Carbohydrate reserves as a competing sink:
evidence from tapping rubber trees. Tree Physiology, United Kingdom, v. 27, p.881-889.

SPICER R (2016) Variation in angiosperm wood structure and its physiological and evolutionary significance. In:
Comparative and Evolutionary Genomics of Angiosperm Trees. GROOVER A., CRONK Q. (eds). Plant Genetics
and Genomics: Crops and Models, vol 21. Springer, Cham.

TAMOLANG FB (2008) Status of rubberwood processing and utilization in the Philippines. In: Proceedings of
the ITTO/CFC International Rubberwood Workshop. ZHAO Y (ed.) Haikou, China. p. 83-98

TEOH PY, DON MM, UJANG S (2011) Assessment of the properties, utilization, and preservation of rubberwood
(Hevea brasiliensis): A case study in Malaysia. Journal of Wood Science, Germany, v.57, p. 255-266.

UMAR I, ZAIDON A, LEE SH, HALIS R (2016) Oil-heat treatment of rubberwood for optimum changes in

chemical constituents and decay resistance. Journal of Tropical Forest Science, Malaysia, v. 28, n.1, p. 88-96

UYUP MKA, KHADIRAN T, HUSAIN H, SALIM S, SIAM NA, HUA, LS (2019). Resistance improvement of
rubberwood treated with zinc oxide nanoparticles and phenolic resin against white-rot fungi, Pycnoporus
sanguineus. Maderas. Ciencia y tecnologia, v.21, n4, p. 457-466 <https://dx.doi.org/10.4067/50718-
221X2019005000403>

WARGO PM (1975) Estimating starch content in roots of deciduous trees — a visual technique. USDA For Ser
Res Pap no. 313.

WITT W, SAUTER JJ (1994) Starch metabolism in poplar wood ray cells during spring mobilization and summer
deposition. Physiologia Plantarum, United Kingdom, v.92, p.9-16.

WONG AHH, KIM YS, SINGH AP, LING WC (2005) Natural durability of tropical species with emphasis on

Malaysian hardwoods —variations and prospects. Int Res Group Wood Prot 1:1-33

11



ZHANG N, XU M, CAI L (2019) Improvement of mechanical, humidity resistance and thermal properties of heat-

treated rubber wood by impregnation of SiO2 precursor. Sci Rep v. 9, n. 982.

Figure captions

Fig. 1. Sampling scheme for starch quantification (A) and for microscopic observation of tyloses and starch grains

(B).
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Fig. 2. Radial variation of starch content in rubberwood felled in summer and winter in two different sites (A, B),
or, same data alternatively plotted in two seasons (C, D). In A and B, different lowercase letters represent
significative differences between the samples for the same season and uppercase letters represent
significative differences between the seasons for the same samples. In C and D, different lowercase letters
represent significative differences between the samples for the same site and uppercase letters represent
significative differences between the sites for the same samples.
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Fig. 3. Micrographs of cross sections collected every 2 cm of the trunk radius from A (closest to the pith) to I

arrows. All images are in the same magnification. Bar = 200 pm. Every second of the micrographs collected

dark points (the presence of starch grains indicates living parenchyma cells) and tyloses are shown by
for each 1 cm of radius (Fig. 1B) is shown.

(closest to the cambial zone) of trees from the Mococa plantation felled in summer. Starch grains are the
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Table 1. Starch content (g/100g) every one fifth along the larger radius of the tree from pith (1) to bark (5). Mean
+ Standard Deviation.

Radial samples
1 2 3 4 5

Winter 7.5+0.28d 11.3+0.36¢  13.6+0.23b 16.3+0.27a 11.5+0.38¢
Summer  6.2+0.30 e 9.6£0.26d 12.8+041b 15.6+0.18a 10.6x0.27 ¢
Winter 9.740.26 d  13.7+0.31¢ 154+0.39b 17.5#0.22a 14.0+0.34 ¢
Summer 8.7+0.19d  12.5+0.40¢ 14.3+031b 16.3+041a 1244033c¢

Letters compare radial samples, according to site and season

Site Season

Mococa

Ribeirao Preto

Table 2. Mean radius (R), corewood (C) and sapwood (S) width and corewood percentage (C/R) of four H.
brasiliensis 25-year-old trees from Mococa (summer and winter) and Ribeirao Preto (summer and

winter).

) Radius (R) Corewood (C)  Sapwood (S) C/R
Site Season

(cm) (cm) (cm) (%)
Winter 18.0 5.0 13.0 27.8

Mococa
Summer 18.0 3.0 15.0 16.7
Winter 13.0 7.0 6.0 53.8

Ribeirao Preto

Summer 14.0 6.0 8.0 42.9

15



Table 3. Compilation on papers studying starch quantification in H. brasiliensis — information of sites,
plantations and methodologies of experimental programs.

Study Authors
Characteristics  Present study  Silpi et al. (2007) (Czlégg;“ma et al- g volo Filho (2013)

Brazil (Lat. 21° Thailand (Lat ~ Thailand (Lat =

Growing site Brazil (Lat. 21°S)

S) 6°-18°N) 6°-18°N)
Age of plantation 25 9 8 26
(years)
DBH (cm) Mococa: 25.8 - 14.6 - 16.7 148-164 11.8-22.9
Rib. Preto: 23.5
Phenological DS+WOL DS+RAGR DS+WOL+WORA WOL - leaves artificially
Period and season  pg WWI+FRU RS+RAGR DS+REGR removed
(See abbreviations)
DS+WOL+WORA RS+ WWL+RAGR WWL
DS+ DS+RAGR
DS+WORA
Hydrolysis a-amylase NaOH NaOH a-amylase
Methodology amyloglucosidas o-amiloglucosidase a-amiloglucosidase amyloglucosidase
e (Boehringer 1984)  (Rickard and Behn 1987)
(Bellasio et al.
2014)
Starch content 6.2-175 39-538 ~55-65 55-72
(/100g)
Season Phenol. Period - Phenol. Period - growth
Abbreviati DS -dryseason WOL - without RAGR - with radial growth
reviations RS -rainy season WWL - with leaves WORA - without radial growth
FRU - fruits REGR - regrowth
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Supplementary material

Table S1. Statistics of climate data for the sites in seasons (winter and summer) in 10-years periods prior to
experimentation and climate data in the sampled years.

Seasonal
Site Season/period Tmax Tmin Tmean Etp Accum}llated
or year rain
(WS (mm)

Win/2006-2015

Mean 29.89 1239 21.12 2.44 106.53

std dev 0.61 075 041 0.05 91.58

Mococa Win/2016 30.27 11.54 20.86 2.46 59.40
Sum/2007-2016

Mean 31.59 18.75 24.90 4.44 631.52

std dev 072 030 043 0.15 192.83

Sum/2017 32.16 19.11 25.39 4.56 735.90
Win/2006-2015

Mean 30.24 12.64 21.34 2.50 90.55

std dev 073 0.86 0.38 0.07 87.96

Ribeirao Win/2016 3046 12.28 21.03 2.44 55.80
Preto  Sum/2007-2016

Mean 31.67 18.54 24.83 4.42 623.27

std dev 0.61 035 0.39 0.13 152.89

Sum/2017 31.96 18.88 25.20 4.45 433.00
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Table S2. Comparison of climate data between sites by Mann-Whitney test, in seasons (winter and summer) in 10-

year periods prior to experimentation.

Season/ . . .. Tmax Tmin Tmean Etp Accum}l lated
Period Site Statistics rain
O (mm)
Median 29.91 12.58 21.13 2.43 84.10
Winter Mococa .
(2006 [Min-Max] 29.07-30.80 11.18-13.30 20.32-21.70 2.37-2.51  29.40-343.70
Preto [Min-Max] 29.39-31.81 11.31-13.76 20.42-21.72 2.39-2.57 24.30-327.10
p-value 0.393 0.631 0.140 0.045* 0.436
Median 31.32 18.72 24.65 4.36 625.30
Summer Mococa .
(2007 [Min-Max] 30.63-32.98 18.35-19.30 24.49-25-70 4.28-4.68 360.30-1049.80
2016) Ribeirao Median 31.57 18.54 24.83 4.40 641.85
Preto [Min-Max] 30.78-32.65 17.83-18.90 24.19-25.32 4.20-4.59 361.00-915.30
p-value 0.579 0.190 0.796 0.970 0.971

Note: (*) means statistically significant difference between sites (p<0.05)
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