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Understanding the factors that affect cambial activity can provide historical
documentation of events influencing plant growth and development. This
study aimed to link cambial activity and diameter increment of native and ex-
otic species in a floodplain forest in SE Brazil with phenological and meteoro-
logical data to answer the following questions: Is species diameter growth in-
fluenced by meteorological variables and phenological behavior? Is cambial ac-
tivity seasonal, with active and inactive periods? Is cell differentiation for ini-
tial wood formation triggered by any phenological phase? Diameter increment
was measured with dendrometer tapes, cambial activity through vascular cam-
bium samples collection, and phenological behavior through the intensity in-
dex. Vegetative structures (mature leaves, senescent leaves, and buds) and re-
productive structures (anthesis, immature fruit, and mature fruit) were moni-
tored on a monthly basis. The relationship between meteorological variables
and phenophases that lead ro diameter increment was analyzed using multiple
linear regression. Additionally, logistic regressions was employed to examine
the connection between phenophase variables and cambial activity. The re-
sults indicate that the duration of the growing season differs among species,
ranging from seven to nine months. Gymnanthes klotzschiana and Blepharoca-
lyx salicifolius showed their highest rates of radial increment from November
to March, while Hovenia dulcis and Ligustrum lucidum, from August to April.
The increase in diameter for these species is positively influenced by specific
phenophases. For G. klotzschiana, these include the presence of mature
leaves, senescent leaves, and immature fruits, while for H. dulcis, the pres-
ence of mature leaves, senescent leaves, and mature fruits. Moreover, cambial
activity is seasonal, with both active and inactive periods occurring mainly in
the spring and summer in the four species studied. Different phenological sig-
nals were identified as triggers for the initial wood formation, namely, the
presence of senescent leaves in G. klotzschiana, budding in H. dulcis, and ma-
ture fruits and senescent leaves in L. lucidum. No relationship was found be-
tween phenophases and cambial activity or inactivity periods in B. salicifolius.

Keywords: Foodplain, Seasonality, Phenophases, Meteorological Variables, En-
vironmental Monitoring, Ecophysiology

Introduction
Tree growth dynamics are important for

jan 2013), or may be limited to a brief sea-
son. This leads to distinct periods of ele-
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the annual wood formation and carbon fix-
ation flux. The factors that control tree
growth are diverse, ranging from genotype
to the environment where they grow (Fig-
ueiredo et al. 2014, Vasconcelos et al.
2016).

The relationship between climatic factors
and tree growth is complex and varies ac-
cording to the region and species studied.
In tropical and subtropical areas, seasonal
variation in precipitation and temperature,
along with photoperiod, help explain the
cambial activation of tree trunks (Botosso
& Mattos 2002). Conversely, in temperate
and boreal forests, growth is influenced by
specific cycles of temperature and light
(Hawerroth et al. 2010).

The relationship between dormancy and
cambial activity varies among different
species. For example, in tropical trees, vas-
cular cambium activity can be observed
throughout the year (Pumijumnong & Bua-

252

vated and reduced cambial activity, exclud-
ing periods of dormancy (Borchert 1999,
Cherubini et al. 2003, De Luis et al. 2007).
Periodicity is therefore a direct response to
environmental variations (Begum et al.
2013) and can affect other plant processes,
such as phenological behavior, leaf re-
newal, flowering, and fruiting.

Tree growth periodicity can be assessed
by measuring radial increments year-round
with dendrometer tapes, a non-destructive
method that avoids material shredding
(Fahn et al. 1981). However, analyzing cam-
bium samples can help determine whether
variations in growth phases are attributed
to cellular differentiation or simply to the
expansion or contraction of bark in re-
sponse to dry or rainy conditions (Amano
2007, Worbes 1995).

Previous studies have investigated the
link between phenological processes and
cambial activity in tropical forests (Singh &
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Venugopal 2011, Worbes et al. 2013). How-
ever, integrated approaches aimed to com-
pare radial growth and phenology across
multiple time scales can provide a better
understanding of how climate influences
these characteristics in tropical trees
(Yafiez-Espinosa et al. 2010).

Understanding the factors that influence
cambial formation can reveal events affect-
ing plant growth. In this context, the goal
of this study was to analyze the relation-
ship between cambial activity, diameter in-
crement, phenological phases, and meteo-
rological data in several tropical tree spe-
cies. The study aimed to answer the follow-
ing questions: (i) is the diameter increment
of the species influenced by meteorologi-
cal variables and their phenological behav-
ior? (if) Is cambial activity seasonal, with de-
fined activity and inactivity periods? (iii) Is
cellular differentiation for initial wood for-
mation triggered by any phenological
phase?

Materials and methods

The study area is a floodplain located by
the Rio Barigui, in the municipality of Arau-
cdria, Parang, Brazil (25°34'S, 49° 20’ W), at
an average altitude of 900 m above sea
level. According to the Kdppen classifica-
tion, the region has a humid subtropical
mesothermal climate (Cfb). The annual
mean rainfall is 1300-1500 mm, with no dry
season and frequent frost in the winter (Al-
vares et al. 2014). The study area is a frag-
ment of Alluvial Araucaria Forest within the

Tab. 1- Species, family, and number of indi

Brazilian Atlantic Forest.

Based on meteorological data from a
SIMEPAR station (Meteorological System
in Parand), located 35 km away from the
study area, the annual average precipita-
tion was 1629 mm in 2011-2012, 1555 mm in
2012-2013, 1414 mm in 2013-2014, 1537 mm
in 2014-2015, and 2035 mm in 2015-2016.
The monthly average of minimum, mean,
and maximum temperature had variations
of approximately 1 °C over the period 2001-
2016. The lowest mean temperature was
recorded in June 2016 (6.9 °C) and July 2013
(7.9 °C), and the highest temperature was
recorded in January 2014 and January 2015,
respectively 29.8 °C and 29.6 °C. The mean
annual temperature was 17.8 °C (Fig. 1).

Four tree species (two native and two
exotic) representative of the Alluvial Mixed
Ombrophilous Forest were considered in
this study, namely Gymnanthes klotzschi-
ana Mill.Arg., Blepharocalyx salicifolius
(Kunth) O.Berg, Hovenia dulcis Thunb., and
Ligustrum lucidum W.T.Aiton (Tab. 1).

Phenological observations were carried
out monthly from August 2011 to July 2016,
monitoring the vegetative structures (ma-
ture and senescent leaves, and buds) and
reproductive structures (anthesis, imma-
ture and mature fruits) of four tree
species . Flowers and fallen fruits were also
considered as indicators of phenological
activities of the local species, using the In-
tensity Index (Milani et al. 2015) with adap-
tations.

The phenophases were classified in four

viduals monitored during the study.

Scientific name

Gymnanthes klotzschiana Mull.Arg.
Blepharocalyx salicifolius (Kunth) O.Berg
Hovenia dulcis Thunb.

Ligustrum lucidum W.T.Aiton

iy ongn N, Dereral
Euphorbiaceae native 12 Zoochory
Myrtaceae native 10 Zoochory
Rhamnaceae exotic 8 Zoochory
Oleaceae exotic 8 Zoochory
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intensity categories, calculated as:

Z Fournier
3N

where Y Fournier is the sum of the Fournier
categories for each individual and N is the
number of individuals in the sample. The
Fournier intensity categories were: (1) ab-
sence of phenophase (flowering or fruit-
ing), (2) presence of phenophase from 1 to
25%, (3) presence of phenophase from 26
to 50%, (4) presence of phenophase from
51 to 75% and (5) presence of phenophase
from 76 to 100%. The averages of the vari-
ables over the period 2011-2016 were con-
sidered in the analysis.

For each individual tree, the circumfer-
ence at breast height (1.30 m) was mea-
sured monthly throughout the study pe-
riod, using stainless steel dendrometer
tapes with an accuracy of + 0.20 mm. The
circumference increment was converted
later into diameter increment.

For assessing the cambial activity, wood
samples were collected from two individu-
als of each species in September, Novem-
ber, and December 2014, and in January,
March, April, and May 2015, using the
methodology proposed by Amano (2007).
Approximately 2 to 3 cm of bark and sec-
ondary xylem were collected using a cord-
less electric drill, followed by the use of a
Pressler’s auger at 1.30 m above the
ground. To prevent pathogen attacks in
the removed area, copper sulfate and cal-
cium oxide were applied in a 1:1 ratio.
Wood samples were then fixed in FAA
(formaldehyde-glacial acetic acid-ethyl al-
cohol 50%) until processing. Subsequently,
the wood material was embedded, and
slides were prepared for histological analy-
sis. The active cambium was recognized by
the presence of mitotic figures or phrag-
moplasts in the cells, or by the presence of
tangential walls recently formed.

The relationship between meteorological
and phenological variables with diameter
increment was analyzed by multiple linear
regression, given the continuous nature of
the variable. Multiple regression analysis
and logistic regression return the probabil-
ity of occurrence of the evaluated event
based on the selected independent vari-
ables. The relationship between phenologi-
cal variables and cambial activity was ex-
amined using a logistic regression, due to
the dichotomous nature of the cambial ac-
tivity variable (0-1). The assumptions of
normality, homoscedasticity, and indepen-
dence of residuals were verified for all vari-
ables before analysis.

To address the multicollinearity problem
of meteorological and phenophase vari-
ables, Principal Component Analysis (PCA)
was applied, which resulted in a set of sta-
tistically orthogonal variables explaining
the highest proportion of the total vari-
ance in the dataset through linear combi-
nations of the original variables. Both me-
teorological variables, such as precipita-
tion, minimum, mean, and maximum tem-

% Fournier = -100 0
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perature, and photoperiod were subjected
to PCA, as well as phenophase variables,
and the main components were extracted.
The criterion of latent roots (Kaiser) was
chosen to determine the minimum number
of axes to be considered, with eigenvalues
> 1. The extracted principal components
were then used as independent or explana-
tory variables in regression techniques. The
stepwise method of variable selection was
used to identify the significant compo-
nents for the generated regression mod-
els. All analyses were performed using the
Statgraphics Centurion XV program.

Results

The results of phenological behavior,
cambial activity, and diameter increment
from the assessed species are shown in

PHENOPHASES

Fig. 3 - Phenology, cambial
activity, and monthly aver-
age diameter increment

Senescent leaf

Mature leaf

for Blepharocalyx salici- Sprouting
folius in a fragment of allu- Floral bud
vial mixed ombrophilous Anthesis
forest, Parana, Brazil. Unripe fruit

Ripe fruit
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Fig. 2, Fig. 3, Fig. 4, and Fig. 5. Each figure
displays the specific phenophase period,
the stages of cambial activity and inactiv-
ity, and the average monthly diameter in-
crement. The length of the growing season
varied by species, with diameter increasing
from seven to nine months per year; for ex-
ample, G. klotzschiana and B. salicifolius
have their highest rates of diameter incre-
ment from November to March, while H.
dulcis and L. lucidum, from August to April.

Regarding cambial activity, the results
confirm that the species exhibits defined
cambial activity and inactivity periods. For
the native species, G. klotzschiana and B.
salicifolius, the activity periods span over
seven to four months, respectively (Fig. 2,
Fig. 3), followed by a reduction in the last
month until complete cambial inactivity.

For the exotic species H. dulcis and L. lu-
cidum, cambial activity lasts from seven to
six months, respectively (Fig. 4, Fig. 5). We
found that cambial activity occurs in all
four species during summer, from Decem-
ber to March, which corresponds with the
region's highest precipitation period.

The principal component analysis (PCA)
conducted using meteorological variables
revealed that the first component (PC1) ac-
counted for 76.9% of the total variation in
the dataset. PC1 showed significant load-
ings for the mean, minimum, and maxi-
mum temperatures, followed by the pho-
toperiod, while precipitation had a rela-
tively minor impact. From the selected
components, the main original variables
were extracted based on the absolute val-
ues of the loadings. Tab. 2 reports the load-
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ings of the original variables for pheno-
phase and species.

In the analysis of phenological data for G.
klotzschiana, two main components of vari-
ation were identified by PCA, accounting
for 70.0% of the total variation. Component
| contributed 38.1% to the variance (eigen-
value = 2.67), while Component Il contrib-
uted 29.5% (eigenvalue = 2.24). Regarding
B. sdlicifolius, three components were ex-
tracted, which together accounted for
67.0% of the total data variation, with 30%,
22.6% and 14.9% contribution for compo-
nents I, II, and 11, respectively (eigenvalues
=2.10, 1.58, and 1.04).

For the exotic species H. dulcis, three
components of variation were also ex-
tracted, which together accounted for
74.8% of the total vatiation. In this case,

PHENOPHASES
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Component I, Component Il, and Compo-
nent Il contributed 33.7%, 29.8%, and 17% to
the variance, respectively (eigenvalues =
2.36, 17.2, and 1.20, respectively). Finally,
for the species L. lucidum, two components
of variation were extracted from the data,
which together accounted for 70.0% of the
total data variation. Component | contrib-
uted 34.0% to the variance (eigenvalue =
2.38), while component Il contributed
29.0% (eigenvalue = 2.03).

The multiple regression analysis of diame-
ter increment for G. klotzschiana based on
PC scores revealed that Component | of
meteorological variables was significant to
the model, followed by Component | of the
phenophase variables, which mainly re-
flects the mature leaves, senescent leaves,
and immature fruit phenophases (Tab. 2).

o0 7o (o I I

The model provided an adjusted coefficient
of determination (R*-adj) of 0.58, indicating
that the two selected principal compo-
nents explain 58% of the variation in the
species’ diameter increment.

Regarding B. salicifolius, the regression
analysis revealed a significant effect only
for the first component of PCA based on
meteorological variables. In this case, the
R-adj was 0.42, implying that 42% of the
species diameter increment can be ex-
plained by the variables that compose the
selected component, namely, mean tem-
perature, minimum temperature, maxi-
mum temperature, and photoperiod, in or-
der of decreasing weight.

Regarding the diameter increment in H.
dulcis, the regression analysis indicated a
significant effect of the meteorological

Fig. 5 - Phenology, cambial
activity, and monthly aver-
age diameter increment
for Ligustrum lucidumin a
fragment of alluvial mixed
ombrophilous forest,
Parana, Brazil.
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Tab. 2 - Correlation coefficients of variables with the main principal components (PC). ;
wv

Species PC Eenescent Mature Leaf ) Floral Anthesis Imn]ature Mat}lre g
eaf Leaf Budding bud Fruit Fruit L.

| 0.828719 -0.783637 -0.788494 -0.777363 -0.869576  -0.34504 -0.0799873 -E

Gymnanthes klotzschiana I 0.543153 -0.58716 0.510923  0.593681  0.431977 -0.78841 -0.72171 :
i ]

| 0.522803 -0.94014 0.801213  0.086753 -0.25724 -0.59243 -0.47834 EJ

Blepharocalyx salicifolius 1] -0.53165 0.087073 0.074903 0.730494 0.752091  -0.30426 -0.5219 b,’
1 -0.3782 -0.28897 0.535586  0.584574 -0.25508 0.656449 0.481861 §D

| 0.85945 -0.71331 0.395758  -0.32302 -0.77723 -0.66521 0.359238 1)

Ligustrum lucidum I -0.38634 -0.45616 0.850678  0.680567  0.12379 -0.40788 -0.79409 Clﬂ
1] 0.120171 -0.49766 0.216342 -0.60672 0.446034 0.466419 -0.23086 e

| 0.714382 -0.7403 0 -0.75715 -0.5652 -0.21352 0.787827 f_’

Hovenia dulcis Il -1 -1 1 0 0 0 0 |2
1 -0.34799 0.161152  0.07029 -0.52329 -0.53592 0.846996 -0.21561 =

variables, Component | of phenophase var-
iables (reflecting mature leaves, mature
fruits, and senescent leaves), and Compo-
nent Ill of phenophase variables (mainly re-
flecting immature fruit). The model includ-
ing these three components explained 71%
of the diameter increment variation in H.
dulcis (R*adj = 0.71).

To explain the diameter increment in L.
lucidum, only Component | from the PC
analysis based on the meteorological vari-
ables was included in the model. The re-
sulting adjusted R? was 0.55, indicating that
the selected component explained 55% of
the diameter increment variation in the
species. The results of the logistic regres-
sion analysis, considering only the main
components of the phenophase variables,
arereported in Tab. 3.

Regarding cambial activity in G. klotzschi-
ana, only Component | showed a significant
effect, accounting for 75.46% of the varia-
tion in the data. As for H. dulcis and L. lu-
cidum, two components has a significant
effect on cambial activity, explaining
53.45% and 63.93% of the total variation, re-
spectively. However, no significant rela-
tionship was identified between the main
components of phenological variables and
cambial activity in B. salicifolius.

The probability of occurrence of cambial
activity in G. klotzschiana resulted inversely
related to the main phenophase variables
correlated to Component I, namely, bud
and anthesis. Therefore, it can be hypothe-
sized that the probability of occurrence of
cambial activity in G. klotzschiana decreases
as the intensity of these phenophases in-

On the other hand, Component Il was posi-
tively correlated with the sprouting pheno-
phase.

For the species L. lucidum, Component I
showed a direct relationship with the prob-
ability of occurrence of cambial activity,
primarily reflecting the mature fruit and
senescent leaf phenophases. While Com-
ponent Il showed a direct correlation with
the probability of occurrence of cambial ac-
tivity, predominantly represented by the
sprouting phenophase, which is also di-
rectly related to Component Il.

Discussion

Development patterns in tree species re-
fer to specific ways in which wood charac-
teristics and the growth process evolve
over time. These patterns encompass cam-
bial activity, which involves the seasonal
and cyclical processes of cambial growth.
During this process, the cambium layer
produces new cells that contribute to the
increase in tree diameter. Cambial activity
varies among species, and it is influenced
by a combination of environmental factors,
such as climate and soil conditions, and
phenological events, such as seasonal
changes in temperature and moisture. The
results obtained in this study contribute to
understanding the growth and develop-
ment patterns of species in subtropical

forests. By monitoring changes in diameter
throughout the seasons, a dynamic view of
intra-annual growth can be obtained (Stri-
eder & Vospernik 2021) and the plant re-
sponse to periodic variations in tempera-
ture and precipitation can be assessed. We
found that meteorological variables have a
positive effect on radial increase, the main
drivers of diameter increment in the evalu-
ated species being represented by mean
temperature, minimum temperature, maxi-
mum temperature, and photoperiod. Com-
plex interactions between environmental
and genetic factors specific to each species
can influence radial growth and phenology
(Cordeiro et al. 2020, Davis et al. 2022).
Nevertheless, approximately 50% of the di-
ameter increment of the studied species is
dependent on meteorological conditions
(except precipitation), which results in dis-
tinct growth rates among species. Also,
ambient temperature directly or indirectly
regulates phenological behavior of species
(Kanieski et al. 2012).

Previous studies indicate that precipita-
tion is the main factor driving species
growth in tropical regions, leading to the
resumption of radial growth and the occur-
rence of many phenophases (Valverde et
al. 2024, He et al. 2024, Botosso &
Tomazello Filho 2023, Feeley et al. 2023). In
contrast, our findings indicate that precipi-

Tab. 3 - Logistic regression analysis of cambial activity as a function of the main com-
ponents of phenological variables. (ns): not significant.

PC

. 2o

creases. The opposite relationship was ob- Species Component Prob. R*-adj

served for senescent leaves, as this vari- I 0.0001

able is directly related to Component |, in- Gymnanthes klotzschiana I ns 0.7546

dicating high cambial activity when the in- |

tensity of this phenophase increases. Blepharocalyx salicifolius ns 0
As for H. dulcis, the probability of occur- I

rence of cambial activity was associated . . I 0.0042

with two main components. In this case, Hovenia dulcis M 0.0015 0.5345

Component | showed a direct relationship | 0.0067

with the senescent leaf phenophase and Ligustrum lucidum m 0.0002 0.6393

an inverse relationship with the anthesis.
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tation is not the main factor influencing di-
ameter growth or the timing of phenologi-
cal phases of the species examined. In-
deed, precipitation was the only meteoro-
logical variable that was not significant in
the PCA. In a specific environment where
climatic seasonality is less pronounced,
such as in subtropical forests, other factors
may explain diameter increment such as
soil type (Feeley et al. 2023). Moreover, the
phenological behavior of species could also
be affected by selective biotic pressure
such as herbivores, predators, pollinators,
and dispersers (Zuidema et al. 2022, Aide
1993). Finally, it is also necessary to con-
sider that the study area is located in an al-
luvial area, where water is not a limiting
factor, even under possible deficit condi-
tions.

Growth and reproduction of plants occur
regularly when conditions are suitable, re-
quiring them to synchronize their activities
with favorable weather (Da Silva et al.
2021). This adaptation results in intra-an-
nual variations in flowering, fruiting,
sprouting, diameter growth, and cambial
activity, mainly related to ambient temper-
ature (Mdiller et al. 2022).

Several phenophases contributed to ex-
plaining part of the radial growth in G.
klotzschiana and H. dulcis. For both species,
the selected main component reflected the
occurrence of mature leaves, senescent
leaves, and immature fruit, also including
mature fruit for the exotic species. For
both species, a significant relationship was
found between diameter increment and
the presence of mature and senescent
leaves. This indicates that the period dur-
ing which the leaves are senescent is asso-
ciated with the lowest diameter increment.
Conversely, the time when mature leaves
are most abundant corresponds to the
highest diameter increment, ultimately
leading to a peak in cambial activity.

In a study using logistic regression, a
lower diameter increment has been re-
ported after leaf fall. However, leaf shed-
ding was not related to reproductive phe-
nology (O’Brien et al. 2008). The relation-
ship between diameter increment and the
occurrence of immature fruit, which was
not identified in other studies, may provide
new insights into the plant hormonal bal-
ance during metabolic activities. This as-
pect was not evaluated in this study but
warrants consideration as a topic for fu-
ture research.

The species examined in this study typi-
cally experience a phase of reduced
growth, marked by a lack of activity in the
cambium. According to Breitsprecher &
Bethel (1990), while a few species around
the world grow continuously, most enter
periods of dormancy that help them with-
stand unfavorable weather conditions.

The discrepancy between the period of
radial growth and cambial activity may
stem from the measurement technique, as
dendrometer tapes track changes in tree
circumference. Radial expansion or con-
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traction of trunks can be influenced by pre-
cipitation (Gutiérrez et al. 2011). Fritts
(1958) also noted that a decrease in diame-
ter could result from bark contraction as a
response to low moisture content at the
time of measurement.

Regarding the seasonality of cambial ac-
tivity, we found that different species ex-
hibit both inactive and active cambium pe-
riods, which are not uniform throughout
the year, and these periods are determined
by the interaction of internal and external
factors (Igbal et al. 2010, Grotta et al.
2005). In G. klotzschiana, which is a peren-
nial species with annual leaf renewal (Mi-
lani et al. 2015), the cambial activity period
coincided with the senescent Ileaves
phenophase. The gradual replacement of
senescent leaves by new ones (bud break)
triggers growth resumption through hor-
monal factors, such as indole-3-acetic acid
(IAA or auxin), released during the bud
break phenophase (Bhalerao & Bennett
2003). Likewise, cambial activity is associ-
ated to the occurrence of mature leaves,
and coincides with the highest intensity of
the phenophase. Thus, leaf phenology is a
good indicator of cambial activity in tree
species (Morel et al. 2015).

For the exotic species H. dulcis, bud break
is a key phenological signal, typical of de-
ciduous trees, which triggers the reduction
of metabolic activity to survive unfavorable
conditions, particularly during cold winter
periods. Low temperatures at the begin-
ning of spring can impact the initiation of
cambial cell division and xylem differentia-
tion in trees. Conversely, higher tempera-
tures at the end of winter can stimulate an
early cambial reactivation (McMillan 2024).

In this study, no phenophase was associ-
ated with the period of cambial activity/in-
activity in B. salicifolius, indicating that cam-
bium could be influenced by different ex-
ternal or internal conditions. Further re-
search on how these annual processes hap-
pen can provide insights into the species’
life cycle; however, it is important to em-
phasize that the factors that regulate radial
growth may be distinct from those that re-
duce or trigger the resumption of cambial
activity.

Conclusion

Meteorological variables, such as average
temperature, minimum temperature, maxi-
mum temperature, and photoperiod, sig-
nificantly influenced the growth in diame-
ter of the four monitored species. Unex-
pectedly, no influence of precipitation on
diametric growth was detected.

The influence of phenophases also ac-
counts for some of the diametric growth
seen in two species. For Gymnanthes
klotzschiana, the relevant phenophases in-
clude mature leaves, senescent leaves, and
immature fruits. For Hovenia dulcis, the sig-
nificant phenophases are mature leaves,
senescent leaves, and ripe fruits.

Cambial activity is seasonal, with periods
of activity and inactivity in all four species;

notably, cambial activity is concentrated
mainly in the spring and summer.

Different phenological signals triggering
the formation of initial wood were identi-
fied in distinct species. For Gymnanthes
klotzschiana, senescent leaf; in Hovenia dul-
cis, bud break; for Ligustrum lucidum, ripe
fruit and senescent leaves. No relationship
was detected between the evaluated
phenophases and the cambial activity and
inactivity periods in Blepharocalyx salici-
folius.
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