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abstract

Pinus elliottii is a fast-growing conifer well adapted to southern Brazil, used for wood fiber and resin production. oleoresin production 
is part of the plant’s defense systems and is induced by ethylene, which production is stimulated by hypoxic conditions. the 
experiment was designed with the goal of verifying whether one year-old plants had measurable oleoresin yield and if flooding led 
to increased oleoresin production. there was an increase of 78% in oleoresin production after 14 to 21 days of flooding and plants 
with larger stem diameters were more productive.

Key-words: flooding, defense mechanisms slash pine.

resumo

Pinus elliottii é uma conífera de rápido crescimento usada para produção de fibras de madeira e para resinas no sul do Brasil. 
a produção de oleoresinas é parte do sistema de defesas da planta e é regulada por etileno, cuja a produção é estimulada em 
condições de hipoxia. com os objetivos de verificar se as plantas com cerca de um ano já produziam níveis mensuráveis de resinas 
e se estes respondiam ao alagamento é que esse estudo foi realizado. houve um aumento de até 78% de produção de resina entre 
14 e 21 dias após o alagamento induzido e, plantas com maior diâmetro de caule foram as mais produtivas.

palavras-chave: alagamento, mecanismo de defesa, pinheiro.

introDuction

conifers are long-lived trees and their success can 

partly be attributed to their potent defense mechanisms 

against insects and fungi, among them production of resins 

(Franceschi et al., 2005; Luchi et al., 2005). injuries to the resin 

duct system cause the accumulation of oleoresins at the injury 

site (martin et al., 2002), forming a physical barrier against 

boring insects, which can also act as vectors of pathogenic 

fungi (Wallin et al., 2003). in Abies grandis, fungal extracts 

stimulate the production of monoterpene cyclases, enzymes 

that are involved in the production of oleoresins (Lewinsohn 

et al., 1994). in addition, genes involved in the metabolic 

defense mechanisms of plants are synergistically induced by 

ethylene and methyl jasmontate (Xu et al., 1994). traumas 

increase the gene expression of acc-oxidase, a precursor of 

ethylene in the resin ducts (hudgins and Franceschi, 2004; 

chae and Kieber, 2005)
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Various stress factors can alter the production 
of phytohormones and trigger responses modulated 
by these agents external to the plant (Kerbauy, 2008). 
resin flow is a defense response controlled by various 
environmental factors (rodrigues et al., 2009). Yamanoto 
and Kozlowski (1987) observed that in Pinus densiflora 
seedlings, flooding and application of ethrel, a synthetic 
precursor of ethylene, stimulated the formation of thick-
walled tracheids and induced the formation of resin 
ducts. the oleoresins of Pinus elliottii are composed 
of mixtures of terpenoids, particularly turpentine (mono 
and sesquiterpenes) and rosin (diterpenes), which can 
be used in solvents, varnishes, flavorings, fragrances, 
disinfectants, synthetic rubber and glues (Lee et al., 2001; 
rodrigues et al., 2009). 

Based on reports that increased ethylene levels are 
caused both by mechanical traumas and flooding, questions 
arise of whether flooding can increase the production of 
oleoresins in young Pinus elliottii plants and if it is possible 
to establish seedling parameters that can be related to the 
production of resins. the aim of this work was to verify whether 
flooding increases the output of oleoresins in seedlings and 
if ethylene stress-induced and other measurable parameters 
can be related to this production.

material anD methoDs

Pinus elliottii seeds were cooled in the laboratory in 
a refrigerator and soaked in water for 15 days, after which 
they were germinated in test tubes (25 mL) in a mixture of 
soil-vermiculite (1:1) containing mycorrhizas gathered under 
mature P. elliottii trees. the tubes were watered daily in a 
greenhouse. When the seedlings reached about 10 cm in 
height, they were transplanted to PVc cylinders (40 x 100 cm) 
with drains holes at the bottom and cerrado (savanna) soil was 
added, fertilized with 3 g/L of nPK (5:15:15) enriched with 
mycorrhizas. When the seedlings reached 12 to 13 months of 
age, they were divided into 10 treatments of 30 plants each, 
in asbestos fiber boxes: 1) control without flooding with resin 
extraction at time zero, 2) control without flooding with resin 
extraction after 7 days; 3) one week of flooding with resin 
extraction four days after drainage; 4) one week of flooding 

with resin extraction 8 days after drainage; 5) control without 
flooding with resin extraction after 14 days; 6) two weeks of 
flooding with resin extraction 4 days after drainage; 7) two 
weeks of flooding with resin extraction 8 days after drainage; 
8) control without flooding with resin extraction after 21 days; 
9) three weeks of flooding with resin extraction 4 days after 
drainage; and 10) three weeks of flooding with resin extraction 
8 days after resin drainage. in all cases the water was drained 
with a siphon.

the plants were numbered individually in advance and 
the stem diameter was measured at 2 cm above the collar. 
the total seedling height was measured from the base to 
the tip with a ruler. the resin was extracted by cutting a 
V-shaped incision in the stem about 5 cm from the base, 
and the material was collected in a cut-off eppendorff tube 
adjusted and tied to the stem. to keep the exudate flowing, 
an acidic paste was applied on the incision with a spatula, 
as described by rodrigues et al. (2008), and the resin 
was collected for five days. the amount of exudate was 
quantified by weighing on a precision scale. the data on 
the stem diameter and height of the seedlings at the start 
of the experiment and on resin production were adjusted to 
the normal distribution and/or for homoskedasticity, when 
necessary, by a specific transformation in each case. then 
the data were submitted to parametric analysis of variance 
(anoVa) followed by a test to compare the means by the 
minimum significant difference (mSD at 5%). Besides this, 
correlation analysis was performed to identify possible 
effects of the initial height and stem diameter on the resin 
production. 

results anD Discussion

at about one year of age, the Pinus elliottii mycorrhized 
plants had reached an average height of slightly over 0.5 m and 
a stem diameter above the collar of 2 cm. indeed, the use of 
mycorrhizas to cultivate this species favors the development 
of seedlings (Silva et al., 2003). the analysis of variance 
indicated no significant difference in the stem diameter and 
height of the seedlings in each treatment, thus ruling out the 
possibility that these variables may have interfered in the 
results (table 1).
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table 1. mean stem diameter and height of the Pinus elliottii seedlings used 
in each treatment (exposed to flooding for 7, 14 and 21 days). the control 
plants were analyzed at the times corresponding to the flooding treatments.

treatments (simulated flooding periods)

Diameter (mm) height(cm)

Days 7 14 21 7 14 21

mean 7.35 7.36 7.33 52.28 52.69 52.28

cV (%) 15.3 14.4 12.6 16 16.5 16.7

P-value 0.469 0.796 0.75 0.802 0.727 0.692

transformation - 1/x - - - -

the resin production by the Pinus elliottii seedlings 
exposed to flooding stress for three weeks increased by 
78% as measured in samples collected four days after 
drainage. a similar effect (an increase of ~ 73%) oleoresins 
production was obtained from the seedlings flooded for two 
weeks also, but with only one week of flooding the increase 
in resin outputs was not significant (P=0.923). the 
sampling periods after drainage also affected the results, 
with the greatest resin production occurring four days after 
drainage (Figure 1). resin yield was also greater with larger 
stem diameter of the P. elliottii seedlings (table 2). a larger 
stem diameter of the P. elliottii seedlings was previously 
shown to be related to a greater increase in the volume 
of resin ducts in response to stress situations (Yamanoto 
and Koslowski, 1987; hudgins and Franceschi, 2004), 
which means greater capacity to store oleoresins. this 
effect was also observed for adult trees of this species: the 
larger the trunk diameter, the greater the resin production is 
(rodrigues et al., 2008).

the flooding-induced resin production in Pinus elliottii 
plants could be also underlie  an ethylene production, since 
the same pattern was observed in corn, where hypoxia of 
the root system was observed to increase the production of 
ethylene (Geisler-Lee et al., 2010). under these conditions, 
it was found enzymes of the synthesis pathway of this 
phytohormone, inducing greater production of terpenoids 
and synthesis of resins. Flooding should not last longer than 
three weeks, because of the possibility of causing severe 
damages to the plants, such as leaf shedding, root rot and 
stunted or halted growth (Kozlowski, 1997). Flooding can 
also be a useful procedure for selection of plants for growth 
in the nursery (plants with greater oleoresin expression) and 

to supplement the parameters for selection of seed sources 
of resinferous plants. it still remains to be seen whether this 
mechanism, expressed in the young phase, continues to 
operate in the adult phase. experiments are underway to try 
answering this question in a near future.

table 2. Pearson correlation coefficient between diameter and height of Pinus 
elliottii seedlings at the start of the experiments, with the production of resin 
measured in each treatment by flooding simulation.

treatments 
(flooding)

Diameter x 
resin Production significant height x 

resin Production significant

control 10.0% ns 6.0% ns

7 days 32.0% * 0.9% ns

14 days 34.0% * 9.0% ns

21 days 15.0% ns 16.0% ns

ns= not significant; *= significant at 1% probability
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figure 1. Percentage of increase in resin production of Pinus elliottii seedlings 
during flooding compared to the yield of unflooded control seedlings. numbers 
on the X axis correspond to flooding time + period of recovery post draining 
before resin harvest started – all values in days (7, 14 and 21 days of flooding 
simulation and resin harvesting 4 or 8 days after draining) (stars inside bars 
indicate that increments differ statistically from the respective controls by the 
DmS test at 5% probability).

conclusions

it is possible to quantify the resin production of Pinus 
elliottii plants as young as one year of age. the flooding of 
young plants of this species for two to three weeks is efficient 
to increase resin yield by up to 78%.
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