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Estudo dos constituintes químicos voláteis e interação inseto-planta em Piper
mollicomum Kunth (Piperaceae) da Floresta da Tijuca, Rio de Janeiro - RJ, Brasil
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Antunes e Defaveri,c Alexandra Aparecida Gobatto,c Davyson de Lima Moreirab,*

The aim of this work was to investigate the seasonal variation of essential oils (EOs) from leaves,
inflorescences and infrutescences of Piper mollicomum Kunth and to identify which chemical and
abiotic factors correlate with the frequency of visitation of their potential pollinators. The EOs were
obtained by hydrodistillation in a modified Clevenger apparatus characterized and quantified by Gas
Chromatography coupled to Mass Spectrometry (GC-MS) and by GC coupled to Flame Ionization
Detector (GC-FID). Observations were made weekly, from October 2019 to February 2020, totaling
112.5 h. The main compounds present in the EOs were identified as 1,8-cineole (16.22 to 36.66%)
and linalool (1.59 to 20.05%). Eupatoriochromene showed a distinction between leaves (0.81 to
3.66%) and reproductive parts (16.57 to 64.35%). The weekly observations revealed a high frequency
of bee visits, and the results related to Spearman’s correlation (potential pollinators versus major
constituents) showed a strong positive correlation between constant insect visits and percentage of
linalool and E-nerolidol in the inflorescences, in addition to negative correlation with germacrene D.
A strong negative correlation was observed between humidity and the frequency of bee visits.
Keywords: Chemical ecology; pollination; bees; chromenes; terpenoids

1. Introduction
Studies show that 87.5% of plants, especially angiosperms, at some stages of their life cycle
are dependent on pollination by animals.1 These studies denote the importance of pollination
in natural ecosystems for promoting their stability. Therefore, the conservation, defense and
protection of the main pollinators are essential for biodiversity maintenece.2 The symbiotic
association between plants and pollinators has existed for millions of years, a fact that enabled
an evolutionary advantage between angiosperms over all other pre-existing plant groups.3
Besides ecological interactions, different ecosystem incomes generate billions of dollars
annually for the world economy. Pollination process is a considerable character in the economic
growth originated by ecological task, with an estimated value of approximately 200 billion
dollars.4,5
Among the different pollinators, bees are insects that play a prominent role in the genetic
variability and reproduction of different plants in natural environments.6-8 They are equally
important for agribusiness, as they can detect viable pollen grains that will facilitate the
availability of seeds fertile in cultivated fields. 9,10 Few years ago, little quests emphasized the
mutualistic interaction between angiosperms and bees, with researchers predominantly carried
out by biologists, with only an observational point of view, without any purpose of evaluating
their ecological role.11 However, recent studies have demonstrated the relevance of ecological
interaction between angiosperms and bees, especially considering analyzes for improving
habitat management and conservation strategies in forests that have suffered anthropogenic
impacts. 12-14 Approaches with pioneer species, such as some of Piperaceae family, may be
considered attractive in the level for contribution to these analyzes.
Piper mollicomum Kunth is a pioneer species of the Piperaceae family, heliophile, that
grows predominantly in places exposed to high light or in humid and dusky environments.
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It is characterized by membranous and tomentose leaves;
inflorescences which are mostly curved and yellow when
ripe.15 Specimens of this plant have been registered in several
regions of Brazil, such as in the North (Amazonas, Rondônia
and Tocantins); Northeast (Alagoas, Bahia, Ceará, Paraíba and
Pernambuco); Midwest (Federal District, Goiás, Mato Grosso
do Sul and Mato Grosso); Southeast (Espírito Santo, Minas
Gerais, Rio de Janeiro, and São Paulo) and South (Paraná,
Rio Grande do Sul and Santa Catarina).15 P. mollicomum is
one of the many species of the genus Piper that are endemic
to Brazil, with different popular names such as Aperta-ruão,
Jaborandi, Jaborandi-manso, Pariparoba and Rabo-de-galo.16,17
Since the 19th century, the therapeutic effects of P.
mollicomum have been investigated. Its fruits were used to
treat intestinal disorders, sexually transmitted infections and
as anesthetics.18 Other activities from different organs of this
plant (leaves, stems and even roots) are mentioned,19 such as
antifungal,20 antibacterial,21 antinociceptive,22 antihepatotoxic
effects, for low back pain relief, decreased extreme menstrual
flow, and even as a hair tonic.23-25 However, there are few
chemical-ecological approaches to this species. It is also
known that essential oils (EOs) are involved in attracting
pollinators.26,27 Terpenes are the main secondary metabolites
present in the EOs of P. mollicomum that are precursors of
different cosmetic and phytotherapeutic products, such as
linalool, 1,8-cineole, camphor and β-ocimene.28,29
Thus, this research aims to verify which chemical
phenotypes are present in the EOs of different organs
(leaves, inflorescences and infrutescences) of P. mollicomum
from a fragment of the Atlantic Forest of the State of Rio
de Janeiro. In addition, we analyze possible correlations
between abiotic factors and which different classes of
volatile constituents of the EOs may influence the frequency
of visitation of potential pollinators of this plant.

2. Methodology
2.1. Study area and species

The study area for investigation was in the Tijuca
National Park (43°14’29,64”W, 22°58’9,80”S), at an
elevation ranging from 127 m to 68 m among the studied
specimens. The region, located in the South Zone of the City
of Rio de Janeiro, has a tropical monsoon climate according
to the Köppen-Geiger classification.30 The climate shows
at least one well-defined dry month with precipitation less
than 60 mm, but equivalent to more than 4% of total annual
rainfall. Population of adult specimens of P. mollicomum with
an average height of 1.65 m in an open area was investigated.
The surroundings of the experimental plot consisted of a strip
of native vegetation. The fertile species of P. mollicomum was
previously identified by the taxonomist George Azevedo de
Queiroz at the Botanical Garden of Rio de Janeiro (Rio de
Janeiro, Brazil) and the voucher samples were deposited at
the Herbarium RB (voucher n. RB01319727).
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2.2. Climatic data

Data on abiotic factors were obtained from the Brazilian
Meteorological Institute (INMET) as average temperature
(°C), radiation (KJm-2), wind speed (m/s), rainfall (mm)
and humidity (%). Data were obtained to the city of Rio de
Janeiro and to the days of collection, from October of 2019
to February of 2020.
2.3. Qualification of reproductive and vegetative phenology

Weekly observation from October 2019 to February
2020 were done to qualify the phenological pattern of
reproductive and vegetative parts of six subjects of P.
mollicomum. Phenological events were evaluated as follows:
leaf sprouting (emissions of leaf vegetative buds); leaf fall
(reduction of leaves on stems and branches); immature or bud
inflorescences (emission of green or yellow inflorescences,
without the presence of pollen, with closed bracts); mature
inflorescences (flowers in anthesis with the presence of
pollen); immature or green infructescences (a process that
ranges from the oxidation of mature inflorescences to the
presence of infructescences with hardened pericarps); mature
infructescences (infructescences with softened pericarps or
with signs of predation). Thus, due to the small size of the
flowers and fruits, a manual lens (60x magnification) was
used to observe the inflorescences and infructescences in the
field and to determine when the flowers were in the anthesis
and stage of maturity, respectively.31
Fournier Intensity methodology was used to quantify
the phenophases mentioned above,32 which is a quantitative
method to estimate the phenological pattern of plant
specimens. The Fournier Intensity consists in the formation
of a scale that groups the phenological patterns analyzed
in the plant, according to the criteria: 0 - Absence of the
investigated phenophase; 1 - Presence of the investigated
phenophase in a proportion of 1 - 25%; 2 - Presence of the
investigated phenophase in a proportion of 26 - 50%; 3 Presence of the investigated phenophase in a proportion of
51 - 75%; 4 - Presence of the investigated phenophase in a
proportion of 76 - 100%.
2.4. Observation of floral visitors

Observations were made weekly from October of 2019
to February of 2020, from 8:00 a.m. to 5:00 p.m. (30 min
observation and 30 min of resting, totaling 112.5 h, to check
the visiting insects.33 The insects that visited the inflorescences
of P. mollicomum were photographically registered (exception
for visitor 7) and collected with the aid of an entomological
forceps-plume, with approximately 35 cm in diameter of the
basket, 80 cm in depth, reach of 3 m and 12 mm of mesh.
Visitors were promptly anesthetized in flasks that included
cotton slightly moistened with 70% hydroalcoholic solution
(v/v), and then, for the preservation of the samples, were placed
in individual wrappers containing the same alcohol solution.34
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The frequency and visiting hours of the insects, as well
as their respective habits, behaviors, and activities, were
recorded weekly during this period by direct observations and
photographs in the field (Figure 1). Visitor 7 was registered in
poor quality images and by this was omitted of this manuscript.
Even so, it was captured and send for identification.
2.5. Collection of plant material and essential oils (EOs)
obtention

Leaves (150g), inflorescences (40g) and infructescences
(40g) were collected from three specimens once for each month
in the reproductive period, always on the day 15 of the months of
October of 2019 to February of 2020, in the morning, between
9:00 a.m. and 10:00 a.m. These plant materials were manually
reduced with scissors and submitted to the hydrodistillation
method in a modified Clevenger type apparatus.35 The crushed
material was transferred to a 2L round bottom flask, in which
700 mL of distilled water were added. The hydrodistillation
process was carried out for 2 h. After completion of the process,
the pure EOs were separated from the aqueous phase, subjected
to drying with anhydrous sodium sulfate (Sigma-Aldrich,
Brazil) and stored in a closed dark amber vial, and in a freezer
at -20 °C, until the time of analysis. The yields were calculated
by the volume ratio in milliliters of EOs and the weight in grams
of the fresh plant material used in the extraction multiplied by
one hundred (percentage content w/v).36
2.6. Essential oils (EOs) analysis

The EOs obtained by hydrodistillation were subsequently
solubilized in dichloromethane (HPLC grade, Tedia, Brazil),
to obtain the final concentration of about 1000 ppm, and then

subjected to analysis by Gas Chromatography coupled to
Mass Spectrometry (GC- MS), in HP Agilent GC 6890 - MS
5973 equipment, for mass spectra to identify the compounds.
For quantitative parameters of the EOs, and, consequent
calculation of the Retention Index (RI), analyzes were carried
out by Gas Chromatography Coupled to the Flame Ionization
Detector (GC-FID), on HP-Agilent 6890 equipment.
The conditions used by GC-MS were as follows: HP5MS column (30 m x 0.25 mm id x 0.25 µm film thickness),
temperature ramp from 60 °C to 240 °C with increment of
3 °C/min, and with Helium (99.99%) as carrier gas at constant
flow rate of 1.0 mL/min with mass range m/z 40 - 600 atomic
mass units (u), with impact energy of 70 eV and operating
in positive mode. A sample of 1 μL of the EOs solution was
injected, with an injector temperature of 270 °C, splitless.37-38
GC-FID analyzes were performed using an HP-Agilent
6890 chromatograph, equipped with an HP-5MS capillary
column (30 m x 0.25 mm id x 0.25 μm film thickness),
temperature programming from 60 °C to 240 °C, with an
increase of 3 °C/min, using hydrogen as the carrier gas at a
constant flow rate of 1.0 mL/min. The EOs solution was injected
at 1 μL, with an injector temperature of 270 °C, splitless.
Retention times (Rt) were measured in minutes without
correction.37-38
RIs were calculated using data obtained by GC-FID from a
homologous series of saturated aliphatic hydrocarbons (C8-C28,
Sigma-Aldrich, Brazil) performed on the same column and
conditions used in GC-FID analysis.39 The identification of the
compounds was made by comparing the mass spectra obtained
with the spectra of the databases (WILEY7n; NIST), and with
findings in the literature records. The comparison of calculated
RIs with those from literature records was used to assist in the
identification.40 All experiments were done in triplicate.

Figure 1. Main visitors of the inflorescences and infructescences of Piper mollicomum Kunth from Tijuca Forest/ RJ. The observations were made weekly
from October 2019 to February 2020. A) - Insect 1; (B) - Insect 2; (C) - Insect 3; (D) - Insect 4; (E) - Insect 5; (F) - Insect 6
1218
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However, the oxygenated monoterpenes 1,8-cineole (16.22 to
36.66%) and linalool (1.59 to 20.05%) provided prominent
percentages in comparison to the other compounds. Nonoxygenated monoterpenes also showed relevant percentages
(above 5%), with the majority being α-pinene (0.72 to
10.73%) and β-pinene (0.70 to 8.84%).
It is noteworthy that the compound desmethylencecalin
(eupatoriochromene) showed a great distinction in the
percentage content between leaves (0.81 to 5.13%) and
reproductive parts (16.57 to 64.1%).
Figure 1 shows the photographic record of the main visitors
of the inflorescences of P. mollicomum that were observed
during the reproductive phase (exception for visitor 7).
Table 2 shows the attendance of potential pollinators of
P. mollicomum, together with data on the meteorological
averages of the days on which the frequency of visitation
was observed. Bees and flies were the groups of floral
visitors observed on all inspection days. Hymenopterans
were the most perceived insects in the inflorescences of P.
mollicomum with a high frequency of visitation in practically
all observed periods. Insect 2 registered the highest frequency
of visits (n = 1033) of all floral visitors. Another bee, insect
6, was the second hymenopteran with the highest number of
visits (n = 305). Two other bees, insects 5 and 4, provided
frequencies of 133 and 57, respectively. The diptera (insects
3 and 1) also registered relevant visit rates in the mature
inflorescences of the studied specimens (n= 128 and 33,
respectively). Insect 7 was the least in visitation (n = 17).
The principal component analysis (PCA) was applied
to the data obtained from the EOs of the 14 leaf samples,
inflorescences and infructescences, and are shown in Figure 2.
It was possible to record a total variation of 88.70% with
the contribution of the first main component (PC1) of
63.00% and 26.70% for the second main component (PC2).

2.7. Statistical analysis

Statistical analyzes were performed using the software
Statistica version 10 (StartSoft Inc., Tulsa, USA). Spearman’s
correlation test was approached to access the correlation
between abiotic factors (humidity, temperature, wind speed
and precipitation), volatile constituents, and frequency of
visitation of potential pollinators. The correlation coefficient
can be positive (directly proportional) or negative (inversely
proportional), assimilating quantitative values that suggest
that the relationship between two or more variables is strong,
moderate or weak such as 0.00 to 0.19 (very weak); 0.20 to
0.39 (weak); 0.40 to 0.69 (moderate); 0.70 to 0.89 (strong);
0.90 to 1.00 (very strong). For chemometric analyzes,
including principal component analysis (PCA), they were
used to assess the variance between EOs at different times
of collection and plant parts.

3. Results
The chemical composition of the EOs of the vegetative
parts of P. mollicomum was evaluated from October of 2019 to
February of 2020. The results are shown in Table 1. The EOs
showed great variations in their yields, ranging from 0.55 to
6.12%. The leaves showed the lowest percentages of yield (0.55
to 0.69%), and the infructescences the highest (3.45 to 6.12%).
It was possible to identify 61 different compounds in the
EOs from P. mollicomum. EO from inflorescences revealed
the greatest variability of constituents (n = 46) in February.
The EO from leaves, inflorescences and infructescences were
evaluated chemically from November to February and did not
show variations in their volatile constituents, demonstrating
a rich and varied fraction in non-oxygenated sesquiterpenes.

Table 1. Major chemical constituents of the essential oils from leaves, inflorescences and infructescences of Piper mollicomum Kunth from Tijuca Forest / RJ, in the
months of October of 2019 to February of 2020
Chemical
class

Relative peak area (%)
Compounda

RICal RILit

October
IFL

L

November

December

IFL

L

IFR

IFL

L

January

IFR

IFL

February

L

IFR

IFL

L

IFR

NOM

α-pinene

938

939

10.00 10.73

7.51

5.44

7.26

7.22

9.56

7.61

1.92

6.74

0.72

6.13

7.28

7.28

NOM

β–pinene

979

980

8.40

5.75

4.76

5.36

5.63

7.12

5.50

2.06

5.97

0.70

4.90

6.03

3.48

OM

1,8- cineole

1034 1033 17.00 17.28 23.00 16.22 22.70 23.00 26.32 25.90

5.75

36.66 2.57 17.70 19.54 19.70

OM

α-terpineol

1190 1189

0.20

0.23

4.01

5.66

0.31

1.19

6.19

-

3.28

3.53

3.97

OM

linalool

1196 1198

2.90

3.04

14.00

7.96 14.60 15.10 9.11 15.80

7.10

15.52

-

20.50 1.59

8.52

NOS

germacrene D

1477 1480 10.00 9.91

0.19

4.13

0.31

0.63

-

0.95 11.06 0.31

1.01

-

NOS

8.84

6.16
-

0.29
0.19

4.34
3.21

-

bicyclogermacrene

1496 1500

5.70

5.43

-

5.03

-

-

3.63

-

-

OS

E-nerolidol

1561 1564

5.10

4.70

5.16

6.72

4.43

5.06

5.63

3.95

9.06

OC

eupatoriochromene 1743 1761

2.00

1.83

16.60

Yield (%)

2.20

0.66

Identified Compounds (n)

43

44

-

-

-

3.77

3.34

3.66 16.80 17.40 2.63 15.80 36.30

5.13 64.10 12.20 0.81

7.15

3.76

0.55

6.12

2.05

0.69

3.45

2.05

0.59

3.24

2.06

0.88

3.67

28

47

23

28

43

23

46

40

17

30

40

35

5.43 10.40 9.97

Identified Compounds (%)
98.61 97.16 98.86 96.86 98.97 99.03 98.72 99.72 98.68 98.31 100 99.98 98.74 99.81
RIcal= Calculated retention index (column HP-5MS); RIlit = Literature retention index39; aAll compounds were identified by MS and RI according to
experimental; IFL - Inflorescences; L – Leaves; IFR - Infructescence; NOM - Non-oxygenated monoterpenes; OM - Oxygenated Monoterpenes; NOS Non-oxygenated sesquiterpenes; OS - Oxygenated Sesquiterpenes; OC - Other Compounds
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Table 2. Frequency of visitation of potential pollinators and averages of the phenological events of Piper mollicomum Kunth in the Tijuca Forest/ RJ, in the weeks
from October of 2019 to February of 2020
Phenophases (Average)

Visitation frequency (Σd)
Week

Insect
1

2

3

4

5

6

7

31/10/2019

16

0

0

0

0

0

0

LR

LF

IFL - Mature

IFL - Immature

QT - IFL

IFR

1.50

0.00

1.00

4.00

3.50

0.00

16/11/2019

17

107

0

0

0

0

0

1.83

0.00

3.30

4.00

3.33

1.83

29/11/2019

0

162

18

0

0

75

0

2.17

0.00

3.67

4.00

3.50

2.33

17/12/2019

0

140

0

8

46

88

0

2.33

0.00

3.67

3.33

3.83

2.67

26/12/2019

0

154

0

9

38

129

0

2.50

0.00

3.33

3.17

3.50

3.17

07/01/2020

0

62

26

9

20

3

6

2.00

0.00

2.33

1.67

3.00

3.83

18/01/2020

0

65

16

8

0

3

3

2.83

0.00

1.67

1.50

2.17

4.00

30/01/2020

0

68

2

14

21

4

1

1.83

0.17

1.33

1.00

1.67

3.43

03/02/2020

0

53

11

9

8

3

7

1.67

0.67

0.83

0.33

0.83

4.00

15/02/2020

0

122

22

0

0

0

0

1.67

1.17

0.83

0.50

0.83

4.00

22/02/2020

0

100

33

0

0

0

0

2.67

1.50

0.83

0.50

0.83

3.67

33
1033 128
57
133
305
17
Visits Σt
Σd = Sum of the observation day; Σt = Sum of the observation period (October of 2019 to February of 2020); IFL = Inflorescences, IFR = Infructescences;
QT - Quantity; LR = Leaf release; LF = Leaf fall.

Figure 2. Biplot graph of principal component analysis based on 14 samples of essential oil of Piper mollicomum Kunth: leaves (L), inflorescences (IFL),
infructescences (IFR). Collections performed during October of 2019 to February of 2020 in the Tijuca Forest in the city of Rio de Janeiro/ RJ

Four groups were registered with variations in the content
of components: (1) Predominant in eupatoriochromene; (2)
Predominant in linalool; (3) Predominant in 1,8-cineole; and
(4) Predominant in germacrene D.
At the beginning of flowering in October, the leaves and
inflorescences distanced themselves from the other groups
due to the increased positive charge in PC1, influenced by
the high levels of germacrene D (PC1: 2.12). This evidence
corroborates the hypothesis that there is an allocation of leaf
resources for inflorescences at the beginning of flowering.
1220

This fact needs to be evaluated in a study on chemical
ontogeny.
In the period of registration of the largest amounts
of inflorescences in anthesis (mature), these presented
higher percentage levels of linalool, and the leaves, higher
percentage levels of 1,8-cineole. This record suggests that
there is a biosynthetic dichotomy in the different organs of
P. mollicomum that favors the transcription of the linalool
synthase enzyme in the inflorescences and 1,8-cineole
synthase in the leaves.
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In the period of equal predominance between inflorescences
and infructescences, the percentage of eupatoriochromene
increased, leading to the separation of IFR-J (Infructescences
of the month of January) and IFL-J (Inflorescences of the
month of January) from the others due to the increase
in positive charge PC2 promoted by eupatoriochromene
(PC2: 4.43). The decrease in the proportional relationship
between these reproductive organs led to a reduction in
eupatorichromene in the IFR-F (Infructescences of the
month of February). This observation raises the hypothesis
that eupatorichromene: A) has a signaling role in controlling
IFL and IFR emission and B) herbivore protection for
effective seed formation, thus ensuring their dispersion in
P. mollicomum. These hypotheses must be investigated.
The results regarding the Spearman correlation (r²)
between frequency of potential pollinators versus major
constituents of essential oils of P. mollicomum are described
in table 3. The analyzes point to a strong positive correlation
between the acyclic monoterpene linalool content and
frequency of visitation of a species of bee (insect 2), (r²
= 0.900; p < 0.05). The results also demonstrate a strong
positive correlation between the sesquiterpene E-nerolidol
percentage and constancy of visits to the infructescences
by specimens of dipterans (insect 3) (r² = 0.975; p < 0.05).
In an antagonistic way, the germacrene D sesquiterpene

showed a negative correlation in relation to the visitation
insect 6 (bee) (r² = -0.975; p < 0.05).
Table 4 presents the results related to Spearman’s correlation
for potential pollinators versus pattern of phenological events.
The data revealed a moderate positive correlation between the
number of mature inflorescences and the frequency of bees´
visitation (insect 7) (r² = 0.650; p < 0.05). It means that the
greater the amounts of mature inflorescences, the greater the
frequency of visitation 7. However, the results also expressed
a moderate negative correlation between the total amounts of
inflorescences and the frequency of visitation of hymenopterans
(insect 4), (r² = -0.635; p <0.05). Additional data must be
obtained for further analysis and verification of these results.
The data also revealed positive and negative concomitant
moderate correlations between frequency of bees´ visitation
and the number of infructescences (insect 4 and 2) (r² =
0.610; p <0.05), (r² = -0.667; p <0.05), respectively.
To investigate the possible influence of abiotic factors
on insect visiting activity, Spearman’s correlation test
between the frequency of visitation of potential pollinators
and environmental variables was performed. The results
for these tests are shown in table 5. Our findings revealed a
strong negative correlation between humidity and activity
of bees visiting the inflorescences (insect 4 and insect 7),
(r² = -0.806; p <0.05), (r² = -0.642; p <0.05), respectively.

Tabela 3. Spearman´s correlation between major constituents of reproductive parts and potential pollinators of Piper mollicomum Kunth of the Tijuca Forest/ RJ,
from October of 2019 to February of 2020
Spearman´s correlation (r2)
Insect

Compounds
1

2

3

4

5

6

7

α-pinene

0.783

-0.300

-0.718

-0.872

-0.667

-0.200

-0.894

β-pinene

0.783

-0.300

-0.718

-0.872

-0.667

-0.200

-0.894

1,8-cineole

0.112

0.800

-0.359

-0.205

0.205

0.700

-0.670

linalool

-0.447

0.900*

0.462

0.205

0.410

0.400

0.112

α-terpineol

0.224

0.700

0.051

-0.103

0.103

0.800

-0.335

germacrene D

-0.057

-0.616

0.132

-0.237

-0.395

-0.975*

0.229
-0.395

bicyclogermacrene

0.395

-0.707

-0.544

-0.544

-0.544

-0.707

E-nerolidol

-0.224

-0.100

0.975*

0.154

-0.154

-0.400

0.783

eupatoriochromene

-0.447

0.300

0.154
* p < 0,05

0.821

0.718

0.700

0.447

Table 4. Spearman´s correlation analysis between potential pollinators and pattern of phenological events of Piper mollicomum Kunth from Tijuca Forest/ RJ, from
October of 2019 to February of 2020
Insect

Spearman´s correlation (r2)
LR

LF

IFL-Mature

IFL - Immature

QT -IFL

IFR
-0.667*

1

-0.461

-0.344

0.068

0.600

0.288

2

0.411

-0.126

0.595

0.285

0.370

-0.239

3

0.217

0.528

-0.417

-0.541

-0.635*

0.610*

4

0.092

-0.045

0.047

-0.357

-0.079

0.361

5

0.139

-0.178

0.352

-0.070

0.323

0.015

0.415

-0.408

0.650*

0.166

0.517

6
7
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-0.058
0.085
-0.278
-0.511
-0.440
IFL = Inflorescences; IFR = Infructescences; QT – Quantity; LR = Leaf release; LF = Leaf Fall; *p < 0.05.

-0.076
0.638*
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Table 5. Spearman´s correlation analysis between environmental variables (abiotic factors) and potential pollinators of Piper mollicomum Kunth from
Tijuca Forest/ RJ, from October of 2019 to February of 2020.
Insect

Spearman´s correlation (r2)
Temperature (°C)

Humidity (%)

Wind (m/s)

Rainfall (mm)

Radiation (kJ/m2)

1

-0.121

-0.081

0.378

-0.337

-0.040

2

-0.345

0.509

0.282

0.527

0.427

3

-0.084

0.340

-0.423

0.209

0.442

4

0.531

-0.806*

-0.420

-0.101

-0.241

5

0.575

-0.525

-0.079

-0.203

-0.134

6

0.132

-0.169

0.094

0.132

-0.042

7

0.179

-0.642*

-0.495
*p < 0.05

-0.232

-0.347

4. Discussion
The results regarding Spearman’s correlation between
major constituents of the inflorescences and potential
pollinators of P. mollicomum revealed a strong positive
correlation between the visit of bees to the inflorescences
and the percentage content of linalool and E-nerolidol,
in addition to a negative correlation between the content
of germacrene D (tables 1 and 3). Data in the literature
indicate the compound linalool as capable of assisting in
the attraction of bees. In research carried out by Bergstrom
and Teng (1978)41, a significant content of this monoterpene
was identified in the jaws of the hymenopterans belonging
to the genus Colletes. Barros and collaborators (2009)42
found in studies involving specimens of Lippia alba
(Mill.) NE Brown (Verbenaceae) that in periods when
plants are exposed to high temperatures, they can lead to
the volatilization of the linalool and boost the biosynthesis
of cyclic monoterpenes such as camphor and 1,8-cineole.
The results of this study demonstrated that when the
percentage of camphor content in the vegetative parts of
P. mollicomum decreases, the linalool content increases,
which can be deduced, that in some way, the biosynthetic
routes that synthesize these terpenes may be related.
Studies also demonstrate that 1,8-cineole and linalool can
assist in the pollination process by attracting bees43, which
corroborates our findings that express a high content of
these monoterpenes in the inflorescences, such as the high
frequencies of hymenopteran visits to the reproductive
parts of P. mollicomum. Blande and Glinwood (2016)44
later indicated that linalool and 1,8-cineole are identified
in high percentage amount in leaves of plant species when
they are subjected to abiotic stress. In addition, other factors
can be significant, such as the mechanism of operation of
terpenes synthase and the stimuli arising from biotic and
abiotic interactions.40,45
Previous studies on EO of the genus Piper of the
Atlantic Forest had already revealed a significant content of
E-nerolidol in P. aduncum L.46 and P. claussenianum (Miq.)
C. DC.47-48 This compound is also widely used in the industry
for the manufacture of drugs.49 Several therapeutic activities
have already been presented by extracts of Piper species
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that demonstrated high percentages of E-nerolidol, such as
leishmanicide for P. aduncum and P. claussenianum50-51; and
larvicidal action for P. gaudichaudianum Kunth52. However,
no symbiotic activity between E-nerolidol and pollinators
has yet been investigated in Piper. The positive correlation
between visitation frequency of bees to the inflorescences
of P. mollicomum suggests that this sesquiterpene, in
addition to its protective function against herbivory, can act
synergistically with other constituents of the EO to assist
in pollinating attraction of insects. More experiments need
to be done to confirm this hypothesis.
Our findings differ from studies involving a correlation
between the constituent germacrene D and insect attraction.
Mozuraitis and collaborators (2002)53 demonstrated that
these sesquiterpenes increase the attraction of pregnant
females of moths of the species Chloridea virescens
(Fabricius, 1777) and their subsequent oviposition in
tobacco leaves. The same research pointed out that the
attraction occurs by the connection of germacrene D to
receptors present in the antennae of specimens of this moth,
which would be related to the chemical message between
plants and insects53. In another study that analyzed the EO
of Vitis riparia Michx. (Vitaceae) grape leaves by GC, a
considerable content of germacrene D was detected. In
research carried out with Paralobesia viteana (Clemens,
1860) (insect that host of vines, called grape moth) and
EO it has been shown that pregnant females of this insect
species are attracted when EO containing germacrene D is
emitted.54 The negative correlation between germacrene D
and the attraction of possible pollinators in P. mollicomum,
results of our study, may indicate that this sesquiterpene
is synthesized to prevent the oviposition of moths or other
pregnant insect females on the leaves. More accurate tests
must be performed to confirm this hypothesis.
The chemical constituent eupatoriochromene has
previously registered in significant percentage levels in EO
from inflorescences and infructescences of other Piper species,
such as P. gaudichaudianum Kunth and P. hostmannianum
(Miq.) C. DC.55. Ramos and collaborators (2009) also
identified the presence of some chromenes in the leaves of P.
gaudichaudianum Kunth, which may exert negative pressure
on the eggs of phytophagous caterpillars that prey on these
specimens, thus inhibiting the development of these predators.56
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Other works reported antifungal and antibacterial activity of
some chromenes in P. chimonanthifolium Kunth.57Another
finding that demonstrates the protective role of
eupatoriochromene identified an abnormality in the
behavior of Colorado potato beetle (Leptinotarsa
decemlineata Say, 1824) females that they fed on leaves
that contained this chromene. The females of these
Coleoptera that previously maintained active food,
preying on the leaves of the plant, stopped feeding, buried
themselves in the soil, and entered a state known as
diapause. 58 Some plants, such as Ageratum houstonianum
Mill. (Asteraceae) accumulate chromenes (precocenes I
and II), mainly in their leaves and flowers (12.45; 9.14
pmol/plant, respectively), to the detriment of other less
predated parts such as stems and roots (0.069; 0.63 pmol/g
plant respectively), and this chromenes are stored in the
mesophyll and not in the epidermis of plant tissues.59 These
data corroborate our findings and allow us to infer that the
presence of eupatoriochromene in the inflorescences and
infructescences of P. mollicomum may be related to the
protection of its reproductive organs.
The results obtained allow us to infer that the higher the
humidity, the lower the visitation frequency of bees in the
inflorescences of P. mollicomum (Table 5). These results
corroborate with previous studies with other species that
noticed a decrease in the number of visits between different
groups of bees when the relative humidity rate increased.60-61
This fact was not registered only for rock fields, where the
humidity of the air is relatively higher. Pedro (1992)62 found
that the pollination activity of this group of hymenopterans
(bees) on some flowers of plant specimens in the Cerrado
is more prominent in periods when the humidity in this
biome decreases.

5. Conclusion
The study of insect-plant interactions in Piper
mollicomum, based on volatile components, allows us to
conclude that the monoterpenes 1,8-cineole and linalool
and the sesquiterpene E-nerolidol act as attractors of
bees and that eupatoriochromene has the function of
preventing herbivory, just as germacrene D works to repel
potential predatory insects. In addition, the increase in air
humidity decreases the frequency of bees visiting in the
reproductive parts of P. mollicomum. Thus, we present a
new contribution to the chemical-ecological understanding
of the interrelationships of P. mollicomum with insects, a
species of Piperaceae that is pioneer and fundamental for
the recovery of devastated areas.
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