This is an open acce @
article under the CC B @
licence Creative Common

Leaf phenology growth and photosynthesis irPseudobombax munguba
(Malvaceae)

Ricardo Antonio Marenco' @, Francinete de Freitas Sousa?, Marcilia Freitas de Oliveiras,

10.1590/0034-737X201966010001

ABSTRACT

Munguba Pseudobombax munguba) is a tree often found in low-land forests of &reazon region, and there is a
paucity of data regarding its ecophysiologlye aim of this work was to determine photosynthetic rates and growth of
munguba saplings and to describe leaf phenology of a munguba tree. In greenhouse-grown saplings, diameter growth,
leaf expansion, photosynthesis and stomatal conductance were deteffoirtesbcribe the relationship between
photosynthesis and leaf expansion, regression analysis was used. It was also described the leaf phenology of an adult
tree by observing foliage changes at one-week intervals for two years. The leaves completed their expansion in 18 days,
and leaf greening was completed in 40 days. Photosynthesis positively correlated with leaf expansion, but there was no
correlation between stomatal conductance and leaf growth. Growth in diameter was 1.8 mrh Relgtive growth
rate was low0.010 g g day®. In the adult tree, leaf shedding was concentrated in July-August and by the second week
of September the tree had already produced new leaves. Leaf longevity of munguba is about 11 months. It is hypothesized
that leaf phenology of munguba is associated with the increased solar radiation of the dry season.

Keywords: Amazon; growth analysis; leaf longevity; net assimilation rate; relative growth rate.

RESUMO

Crescimento, fotossintese e fenologia foliar eRseudobombax munguba (Malvaceae)

A mungubaPseudobombax munguba) € uma arvore encontrada com frequéncia em florestas de baikioada-
nia e ha escassez de informagao sobre a sua ecofisiologia. O objetivo deste trabalho foi determinar as taxas fotossintéticas
e o crescimento de arvoretas de munguba e descrever a fenologia foliar de uma arvore adulta. Em arvoretas em casa d
vegetacao, taxas de crescimento em diametro, taxas de expansafofoliaintese e condutancia estomatica foram
determinadas. Para descrever a relacao entre a fotossintese e expanséo da folha foi utilizada andlise de regressac
Também se descreveu a fenologia foliar de uma arvore adulta ao se observar visualmente as mudancas na folhagem en
intervalos de uma semana durante dois a®flhas completaram sua expansédo em 18 dias e o enverdecimento das
folhas foi concluido em 40 digsfotossintese correlacionou positivamente com a expansaporf@snao houve correla-
¢do entre condutancia estomatica e crescimenta fol@escimento em diametro das arvoretas foi de 1,8 mrh Avéesca
de crescimento relativo foi baixa, 0,010-§dia. Na arvore adulta, a queda de folhas concentrou-se em julho-agosto e
para a segunda semana de setembro, a arvore ja tinha produzido novas folhas. Concluiu-se que a longevidade foliar de
munguba é de aproximadamente 11 meses. Hipotetiza-se que a fenologia foliar da munguba esteja associada com a maio
radiacdo solar da estacéo seca.

Palavras-chave Amazonia; andlise de crescimento; taxa assimilatéria liquida; taxa de crescimento relativo; longevidade
foliar.
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INTRODUCTION the UV effect of the most engetic UVradiation (UVB,

. _ 280-315 nm) on leaf physiology still remains to be
In most plants, leafsithe organ that carries out ) phy 9y

. elucidated (Ballaré &ustin, 2017).
photosynthesis, and hence leaf phenaldgg temporal . .
. i Senescence is an age-related degradation process
arrangement of leaf emergence and leaf fall, is an important . . .
lant trait. as tree arowth and the ecosvstem functionir?ccumng at the cellular and tissue level that ultimately
P ' gr y oM ds to death of the senescent organ @tiah., 2007). It
depends on carbon fixed by leaves. Leaf phenology is also

. o . . ... _IsInfluenced by various internal and environmental signals
important because it is related with flowering and fruiting

. . . ; éﬁikuzawa & Lechowicz, 2011). Senescence involves both
leaf gas exchange and plant-herbivore interactions (Rei . .
a tlecreased expression of genes related to photosynthesis

1995). The leaves can emerge synchronously (on a sin%Ie

. : _dnd protein synthesis and an increased expression of
leaf cohort) during the growing season or successive . . .
. S . genes associated with senescence @tih, 2007) Water
over time, in this case several leaf cohorts can coexist

. ; . ; {]ress can induce leaf senescence because an increased
the same plant (Kikuzawa & Lechowicz, 2011). Itis behevea . . . .
roduction of reactive oxygen species can trigger the

that in the lowland tropics, leaf phenology is mainl . . . ) -
determined by variation in precipitation, and consequentF)(press'on of genes involved in protein degradation and
' remobilization of nutrients during stress (Munné-Bosch

by the severity of the dry season, as in these environmeg{tiIegre 2004: Leetal., 2012)

there is little variation in temperature over the year (Reic Munguba Pseudobombax munguba (Mart. & Zucc.)

1995). In tropical forests and arid environments, a plal tutgand., Malvaceae) is a deciduous and fast growing

that.sheds s !eaves In the dry segson 's termed drou rée that can reach 26 m in height and 60 cm in diameter
deciduous, while a leaf exchanger is a plant that gradua . : . .
orenzi, 2009). It occurs in th&mazon region, in

renews all their leaves in less than a year, it is never . .

. . ._floodplain forests and river banks. The tree has about
bare of leaves during the year (Kikuzawa & Lechowmzéi ht leaflets per leaf. The blooming (anthesis) of
2011). Leaf longevity is defined as the elapsed timeg P ' d

.__munguba can occur iApril-May and fruit maturity in
between leaf emergence and leaf fall, whereas functio Pg P Y Y

. . . eptember-October; the seed is small (238 mg) and its
leaf longevity (often called leaf life span or realize L .
. . . ermination takes about 10 20 days (Lorenzi, 2009). The
longevity) describes the amount of time (days) a leaf

. . ; ole of munguba has been used for making canoes, floats
capable of performing photosynthesis (Kikuzawa & '
) and frames. Strong fibers can be extracted from the tree
Lechowicz, 2011). . .
o . . after macerating the bark for 2-3 weeks under water), which
Leaf longevity is determined by the genetic make-u

. . . b df ki F ,1922), wh
of every species and may be influenced by internal a gve een used for making ropes (Fonseca ), whereas

i . e seed floss can be used as stuffing material (Lorenzi,
environmental factors. In tropical forests leaf longevit . o
. . . 009). Because of its nearly cylindrical bole and the
varies across species between one and six years, and it - .
characteristics of its flowers, the munguba can also be
has been suggested that leaves of shade-tolerant saplmgs . .
. - used as an ornamental tree (Fern, 2014). The aims of this
can exceed 10 years (Restfal., 2004; Russo & Kitajima,

. . work were to evaluate the biomass gain in one-year old
2016). Environmental factors such as light, temperature, . . :

. i o ?apllngs and the relationship between leaf allometry and
mineral nutrition and solar radiation can affect lea

. . - “photosynthesisA second objective was to describe the
longevity. Thus, it has been found that leaf Iongevn)P y ! JECHVE W !

decreases with increasing light intensity (Harletal ., leaf phenology of an adult mungubiae.
200§,V|ncent 2006), but on the contrary mtensg Shadmlg/l(A\TERlALS AND METHODS
can induce leaf senescence (carbon starvation). Lea

longevity can increase under elevated, Cancentration The study was carried out @ampus Il (\V8) of the
(Craine & Reich, 2001) or in plants grown in low-fertility National Institute for Research in thmazon (INRA Ins-

soils (Shaverl981; Russo & Kitajima, 2016; Reich& Flo- tituto Nacional de Pesquisas mazo6nia) in Manaus—
res-Moreno, 2017). Leaf senescence may be induced All. In Manaus citymean values of climatic data (1961
drought stress or by limited nutrient availability (parti-1990) are as follows (INMEhttp://wwwinmet.govbr): To-
cularly nitrogen), either to reallocate nutrients tdal insolation is about 5.0 h per day (range of 3.92 htday
reproductive organs or to reduce water consumption byet season to 6.51 hours per day in the dry season); mean
older leaves (Gan &masino, 1997). For deciduous specieselative humidity 83%; mean temperature, 26.7 °C, and
leaf longevity can increase with temperature, while theean evaporation (Piché) is 65 mm per morabl@1).The
contrary can occur for evergreen species (Klaetka., study involved two experiments. Experiment 1 lasted 127
2011; Kikuzaweet al., 2013) Although ultraviolet radiation days and was conducted under greenhouse conditions,
UV (280-400 nm, 3 - 5% of total radiation that reaches thehereas in a second experiment, the phenology of an adult
earth surface) can affect leafescence (Lirgt al., 2007), tree wasnonitored for two years.
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Leaf phenologygrowth and photosynthesis Rseudobombax munguba (Malvaceae) 3

Experiment 1: In this experiment, 15 plants of -
xperi is experi p RGR (g g day™) = nW, - InW, (Eq. 2)
Pseudobombax munguba (Malvaceae) were produced -1
from seeds (collected from a mother tree located at Campus
( . o pNuAR 2 d 1 W2 - W] X ZnAz - l}’lAl (Eq3)
[ll, INPA). The experiment was initiated dwgust 18, (gm™day™) L-1 A, -4,

2015 (Julian day 230), when the saplings were 340-da\)//\? ) )
old, and ended on December 23, 2015 (day F&7the hereW, andW, represent the biomass of the plant (in
beginning of the experiment the saplings were 67.7 + 8: am, at, andt,, _respectlvely)AZ andA, the leaf grea of
cmin height, 9.06 = 1.57 mm in stem diameter (at 6 cm frome_ whole plant (in square .metattz andt,, respectively),

the base of the plant) and had 5.6 leaves per plant an{f Andicates natural logarithm, and ftt,) denotes the
leaf area of 1350 chper plant. During the experimental Ntérval between the beginning)(and end t) of the
period (127 days) the plants were kept in a greenhouse SPeriment, i.e. {t- ) =127 days.,. _ o

the greenhouse mean irradiance (over a 12-h period) was !N order to determine the variation of leaflet size with
about 20Qumol m?2 s, mean temperature 27.5 °C and rHime, three leaves were labeled on each plant (15 plants in
70 - 80%. The saplings were grown in pots containingt‘?’tal)' which were monitored for a period of 71 days. In

kg of clay-sandy soil fertilized (5.0 g per pot) with NPKthese leaves, we measured (accuracy of 1 mm) central
fertilizer (10% N, 10% RO, and 10% KO) leaflet length and the central leaflet width. These
’ 5 .

During the experiment, plant heiglt(and diameter Measurements were initiated when the central leaflet was

(D) were measured at one-week intervals. The height (froa,lpout 1-cm wide. Then it was also measured the relative
the base of the plant to stem tip) was measured withcBlorophyll content (hereinafter referred to as thal3P
tape and the stem diameter (at 6 cm above the soil surfa¢alue) using a portable chlorophyll meter £EP502,
was measured with digital calipef@ estimate the leaf Minolta Camera Co., Osaka, Japan).
area per plant at the beginning and at the end of the expe-When thesaplings reached 427 days of age (November
rimental period, in four additional plants (total of 28 leaves)3, 2015) we measured light saturated photosynthesis
the central leaflet was measured (width and length) afid,.,) @nd stomatal conductanag)(in the central leaflet
the leaf area of the whole leaf (including the central leafle®f four leaves per plan®,  andg, were measured in five
determined using a leaf area meter (Li-3000, Li-:Cacoln, ~ plants, which were randomly selected from the group of
USA). Total biomass accumulation (g per plant, including5 plants. The leaves were selected in such a way as to
leaves, stem and roots) was calculated using Equationr@present leaf age variation. That is, from new leaves, with
which was generated for andiroba saplinGsr@pa at least 2.8-cm wide (to fully cover the IRGA’s leaf
surinamensis) by Oliveira & Maraco (2019): chamber), to fully developed leaves. This leaf size
_ corresponded to new leaves ranging in age from 10 to 40
B(g) = 10.157 [exp (0.1692)] (Ba.1) days P, andg, were measured using a portable infrared
WhereD represents the stem diameter (in millimeter)gas analyzetRGA (Li-6400XT, Li-Cor, Lincoln, NE, USA).
Relative growth rate (RGR) and net assimilation rate (NARyleasurements were carried out between 08:00 and 14:00.
were calculated as follows (Huettal., 2002): In the leaf charber, leaf temperature was 27+1 °C, air

Table 1: Mean values of total solar radiatio§,(), photosynthetically active radiationAR), temperature (maximunT, -
minimum,T . and meafT__ ), relative humidity (RH), evaporation (Piché evaporamiter, inside a meteorological shelter) and rainfall

in Manaus from 1961 to 1990 (data compiled from INMEip://wwwinmet.govbr). The dry season includes the months from

June to October, whereas the wet season includes months from November to May (October is often considered a transition month,
but it was included in the dry seasomtal solar radiation§,, ) was calculated using insolation dafg, [(MJ m* day™”) = 8.767+

1.39%, r2 = 0.91,n = 341 days, wheredsis daily insolation (hour da})]; whereas RR was calculated multiplying total solar

radiation by 0.45 (RR fraction in total radiation) and considering that 1 maRR= 217 kJ (engy).

Climatic parameter Dry season Wet season
T. (0 32.1+0.90 30.940.61
T.ean CC) 27.1+0.634 26.310.45
T..(C) 23.2+0.41 23.310.22
RH (mean, %) 79.2+2.49 85.9+2.34
Rainfall (mm month!) 86.9+28.4 267.6+55.1
Insolation (hour day) 6.51+0.68 3.92+0.67
Solar radiation (MJ nt day™?) 17.86+0.95 14.24+0.94
PAR (mol m2day?) 37.0+1.96 29.5+1.95
Evaporation (Piché, mm month 82.3+13.21 52.8+8.54
Mean annual rainfall (mm) 2307
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humidity 70%, CQ400 ppm, andAR 1000umol m?s™.  experiment (day 230) to 4519 gper plant (day 357) at the
Before gas exchange measurements, length, width agald of the experimental period (Figure 2). This led to an
the SRAD value of the central leaflet were also measureiicrease of 3166 chper plant (i.e. 24.93 chper day).The

in order to relate these parameters with photosynthegigrease in biomass and leaf area, led to a net assimilation
data. The relationship between leaflet size (length amdte (NAR) of 3.94 g Mday?, during the evaluation period
width) and SRD values and between leaflet size andFigure 1B). In the greenhouse the leaves reached maximum
photosynthesis data was examined by regressiteaf expansion in about 18 days, when they reached 4.66 +
analysis. The data were analyzed using EX&§10. 0.94 cmin width and 16.45 * 3.26 cm in length (Figure 3).

One can see in this Figure (square symbols) thADSP

Experiment 2: In the second experiment, leaf phenologx/ | ) d rapidly in the first 40 d il hi
was monitored by observing foliage changes of one adyff |es Increasedrapidly Inthe firs ays untit reaching

tree (the mother tree used to collect seeds) at one-we(rjnef%‘x'mLljc';n values (S¥D of ~ 40 units) in leaves 45 - 50
intervals for two years (frorAugust 2015 to September ay;ho ’ i lation bet d
2017). The mother tree (located at 03° 052%9° 59° 38N) ere was a positive correlation betwdgp,, an

was 50 cm in diameter (density wood of 0.244 gcand !e?ﬂﬁt Igngtrll an(jjlleaﬂet V\tlftmg 2.01,hF|<:[:]ure ‘:ﬁ) ‘?‘”d ¢
about 25 m in height, in September 2017. Photographns ully developed eaves the higher pholosynthesis rates

_ 21
were taken to illustrate leaf phenology were 8 - 1umol m .s .O.n the other hand, tlgvalues
showed no correlation with changes in leaflet length and

RESULTS leaflet width (Figure 4B). There was a positive relationship
Experiment 1: The saplings grew 59 cm in height (67 between leaflet length and leaflet width and the_ relative
é;}nlorophyll content - the 3 values p < 0.01, Figure

126 cm) and 8 mm in diameter (9 - 17 mm) during the 1 but th lation b dth
days of the experimental period (Figure 1). On average<) Putthere was no correlation betwgeand the SRD

the height and diameter growth rates were 5.0 mmlda)\/alues (Figure 4D).

and 0.063 mm day(Figure 1A). Mean biomass gain perExperiment 2: In 2015, leaf senescence started in the first-
plant was 2.94 g day during the experimental period second week of Julgnd then the tree also began to bloom
(47.0 to 178.3 g per plant) which led to a mean RGR ¢Table 2). Leaf fall was concentrated in July-Auguab(&
0.0105 g ¢* day* (Figure 1B). Correlation between the2), and the Julian day 233 (August 21, 2015 —leaf
central leaflet length (xxm) and leaf area (¥n?) was emergence, Figure 5A) was considered the starting time
described by the equation, y (nF —214.5 + 24.42x0(=  for calculating leaf longevityBy September 09, 2015 (Julian

< 0.001,r 2=0.91, Figure 2), and on average, leaf areday 252) most of the leaves were fully developed, and
increased from 1353 cnper plant beginning of the they were about 20 days old (Figure 5B). One year, later

y (A)=71.7 + 0.50x; r2=0.94, p <0.001 A
y (0)=9.45 + 0.063x; r2=0.98, p < 0.001 { 25
140 ¢ —
£ £
£
S 110 120 =
[0]
£ T
2 80 | 1 15 €
T S
(@)
50 t+ y(&) dx/at = 0.50 cm day—"' {1 10
y(0) dx/dt = 0.063 mm day—"'
20 - - : - - 5
i y ()= 36.89+ 1.094x; 2 =0.99, p< 0.001 B
=
c 200 r
© Biomass at Julian day 230 =47.0g
Q. Biomass at Julian day 357 =178.3 g
o 150 f
Q.
2
o 100 f
®
£ Biomass gain = dx/dt = 2.94 g day—'
s 50 r < RGR=0.0105g g~ day~'
m NAR =3.94 gm™2 day™!
0 1 1 1 1 1

0 30 60 90 120 150
Time (days)

Figure 1: Growth in height 4, triangle) and stem diameter (o, circd®, and biomass accumulation per plant (B) during the
experimental period in munguba saplingise vertical line on each symbol (paAgldenotes the standard deviation.
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Leaf phenologygrowth and photosynthesis Rseudobombax munguba (Malvaceae) 5

leaf senescence began again, as it is shown in Figure p€riod of leaf shedding was about four weeks, mainly
when the leaves were about 300 days c&bl@ 2). It was concentrated in the last week of July and the first three
estimated that at least 50% of the leaves had fallen tyeeks ofAugust, and thus, the tree was bare or almost
July 19 (2016) and those still on the tree were in the finhkre during that same period. The tree produced oblong,
senescence stage. Therefore, July 19 (Julian day 201, feid-orange fruits, about 10 cm in diameter and 13 cm in
gure 5D) was considered to be the end of annual leaf liflength, the leaves had 6 - 8 leaflets, and the central leaflet
cycle, as the leaves still in the tree were very senescengas about 6 - 8 cm wide and 18 - 22 cm loref(€ 2).
Thus, it was inferred that leaf longevity of this tree was
about 330 days (i.e. 365 —233 + 201 = 333 dag8). DISCUSSION

By August 16, 2016, the tree had shed all its leaves
(Figure 5 E), and by September 08, 2016 the tree had new : - =
leaves, about 10-20 days old (Figure 5F). In Figuree and 15 cm monthin height, which is higher than growth
can see that the tree was bareAaigust 22, 2017 and "ates (in diameter) observed in andirolzarépa spp)

with new leaves on September 15, 2017 (Figure 5H). Duri der greenhouse condition's, 0.9mm mdr@tplivgirg &
the study period, flowering and fruit developmen arenco, 2019). Howevgthis growth rates is similar to

occurred between July adigust (Figure 5D-E)The that reported by Camargo & Marenco (2012) in andiroba
in the open, 1.9 - 2.0 mm montlfin diameter). The RGR

found in munguba (0.0105 g'glay™) is lower than the

Munguba tree grg about 1.9 mm per month in diameter

T ) S ————————— RGR (0,'04 -0.041 ggday?) reported by Shipley (2006)
Mean leaf area per plant at Julian day 230 = 1353 cm? andAntinezetal. (2001) for other WOOdy plants. Howe,ver
. Mean leaf area per plant at Julian day 357= 4519 cm? A the NAR value found in munguba (394 gzrday’l) is
Ng 350 r similar to the mean values of 3.6 - 3.7 g day* reported
;’ by Shipley (2006) anéintiinezet al. (2001). Since RGR is
g 250 the product of NAR and leaf area ratio (LAR, total leaf
= area divided by total plant biomass), one can conclude
9 150 that the low RGR found in munguba is the result of a low
{a LAR. To further explore this hypothesis we harvested four
50 1 1 munguba saplings (mean of.4 cm diametgr89.4 cm
15 20 25  height, and 0.1658 Aof leaf area) and calculated LAR,

specific leaf area (SLA, leaf area to leaf mass ratio) and
Figure 2: Relationship between leaf area and the central Ieaflletaf mass ratio (LMR, whole plant eaf biomass divided by
Ier?gth =28 leaves Ff)rom four plants). This equation was use tal biomass). LAR isthe product. of LMR and SLA. ltwas
to estimate total leaf area per plant. Estimated mean leaf area {f8tnd that the fraction of the total biomass (97.07 g) allocated
plant was 1353 cfon August 18, 2015 and 4519 éran  to plant organs was as follows: roots, 33.29 g; stems, 58.82
December 23, 2015; i.e., the beginning and end of the experimeraind only 5.04 g (5.2%) of the total biomass was allocated

Central leaflet lenght (cm)

period, respectively to leaves, which led to a LAR of 1.712kg™). This is very
low, as in many woody species LAR is about 12 Zagr
y(0)= 40.8(1-exp(-0.092x)), R? = 0.97,p < 0.01 1 (Antlnezet al., 2001) Although SLAwas uncommonly
£ 40T :((Z)): 581(1?:::‘()(00022;)()”R;1==oos:5pp<<ooo§ ) 150 high (33.2 nT kg, i.e. the leaves were very thin), that high
32} shgfghad .| 0 %‘ SLA value was not enough to compensate for the sharp
2 i = declinein LMR, that was only 0.052 (5.04/97.07). The LMR
o 24 | 30 = value found in munguba was almost eight times lower
g | § than the mean value (0.43 over several woody species)
g1er 120 g reported byAntlnezet al. (2001). It is apparent that the
% s L 1 10 % amount of biomass allocated to leaf biomass in munguba
° 6 was very lowwhereas the proportion of biomass allocated
0 - . s - . . - ) to stem was high (60.6%). The SLA of munguba under
0 10 20 30 40 50 60 70 greenhouse was still higher than that (24 Fan®) found
Tirrie: {days) in Goupia glabra (a light demanding tree) growing under

Figure 3: SRAD values (0 square), central leaflet width (0, the forest understory (Marenco ¥ieira, 2005).This
circle), and central Ieaf_let Iengt@.@rlangle) asafu_nctlon oftime dsuggests that the light intensity in the greenhouse was
from leaf emergence (in days) in munguba saplings grown under . ) .
greenhouse conditions. The vertical line on each symbol denot@¥/ for munguba, and this stimulates a greater biomass
the standard deviation. allocation to stem, in detriment of biomass allocation to
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y(B) = 20.5(1-exp(-0.488x)), R? = 0.48, p < 0.01
v (0) = 5.88 (1-exp(-0.426x)),R? = 0.53, p < 0.01

A AﬁA

| YA QA A A A A
A —ablt—FK A
A A
I A, A © width, A length AAM © width, A length

y(8)=17.7+9.3x, 7 =0.04, p>0.05 B
y(0)=4.9+3.2x,?=0.04,p>0.05

NN
o O,

s
o

Width and length of
central leaflet (cm)
o

[
T

0 1 | 1 1 1
c D
[m} -
50 o o o
S 40 u] _
° o
>
£ doo o
[0} .
© 30 |
o h
g 20 [u] ]
0 J(0) = 43.5(1-exp(-0.416x), R2= 041, p <001 | ¥ (?)=355+29.92=0.05,p>0.05
10 . . ; ; . . ; :
0 3 6 9 120 006 012 0.18 024

Puysat (Hmol m2s7") gs (mol m2s71)

Figure 4: Relationship between width (o, empty circle), lendthtjangle) of the central leaflet and light saturated photosynthesis
(P (A) and between central leaflet width and leaflet length and stomatal conduggiePanels C and D show the relationship
between the central leaflet aRg, andg.and SRD values. Data from 427-day-old munguba saplings.

Table 2: Leaf phenology changes over time in an adult munguba tree (50 cm in dj@B@ten height, in September 2017) located
at 03°05°29” S, 59°59"35"W).

Date

Phenology of the tree Panels in Figure 5 for illustration

July 07-14, 2015

Leaf senescence started and the tree began to bloom.
Leaf fall was observed.

August 03, 2015

The tree showed senescent leaves and intense leaf
fall was observed. The tree had flowers and fruits.

August 13-21, 2015

The tree still had some senescent leaves (there was ] .
intense leaf fall in the first two weeksAfigust), See Figure 5August 21 (day 233) was considered

some fruits had reached their final size. Some nev&he starting time for leaf emggnce About one
leaves began to engar on 17-2August, 2015. month after leaf senescence began.

August 25, 2015

The tree had fruits and new leaves had emerged aﬁee Figure 5B.The leaf had 6-8 leaflets. In a fully
over the tree eveloped leaf, the central leaflet was about 18 -

22 cminlength and 6 - 8 cm in width.

September 09, 2015

New leaves were at the final stage of development.
Leaf age was about 20 days old.

June 16, 2016

See Panel 5C (day 168). The leaves were about

o) later, leaf b in.
ne year later, lear senescence pegan again 300 days old.

July 09-19, 2016

. . . See Figure 5D. On July 19, 2016 the leaves were
Most of the leaves still on the tree were in the final g
. bout 330 days old. This was assumed as the end
senescence stages. The tree had fruits. By July 1

(day 201) at least 50% of the leaves had fallen of leaf life span, as the leaves still in the tree were
" completely senescent.

August 16-19, 2016

eSee panel 5E. The flowers were white-cream and
about 10 cm in diameter, whereas the fruits were
oblong, about 10 cm in diameter and 13 cm in length.

The tree was entirely bare, all leaves had fall. Th
tree had fully developed fruits.

September 08, 2016

The tree had new leaves, about 10-20 days old. Figure 5F

Two years later from
the beginning, on
August 22 and
September 15, 2017

The tre_e was bare againAaigust and with new See Figure 5.
leaves in Septemher
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leaves. Thishows that munguba could be better adaptedith leaf expansion (Figure 4), which shows that
to sunny environments, as suggested by Lorenzi (200®hotosynthesis increases during leaf development (Ticha
who describes this species as heliophyte and pioneeret al., 1985). SRD values increased steadily up to about
P Values recorded in fully expanded leaves aré0 days (Figure 4), but leaf expansion stop increasing at
within the range of values found in saplings of otheabout 18 days, which indicates that leaf greening
Amazonian trees, such @arapa guianensis, 8.97umol  continued for a few days after the leaf had reached its full
m2 st (Camargo & Marenco, 2012) ar@arcinia expansion. Relative chlorophyll content fA&Pvalues)
brasiliensis, 7.53umol 2 s* (Gouvéa & Marenco, 2018). had a positive correlation with the photosynthetic rates
Although theP, values are within the expected rategFigure 4), which is not unexpected as carbon assimilation
for tree species, this assimilation rates did not lead teepends on the amount of energy captured by
high RGR, which suggests the actual photosynthetic ratblorophylls.
in the greenhouse was well below the values recorded The munguba tree shed its leaves in Aulgust (in
under light saturated conditiorso, at the plant level, the middle of the dry season) and it was considered that
total carbon assimilation (and hence RGR) depends alde leaf cycle ended when at least 50% of leaf had fallen
on the amount of carbon allocated to leaves, which wélslatsuki & Koike, 2006). Thus, it is feasible assume
low in munguba saplings. Photosynthetic rates increastiuat leaf longevity of this tree was 330 days (frangust

Figure 5:Changes in leaf phenology in the adult tree (mother tree) of munguba. (A) Mungubaivgrisii21, 2015 (starting time

for leaf emergence). (B), the tree with well-developed new leaves on September 9, 2015. One year later: (C) the tree was with
senescent leaves on June 16, 2016; (D) on July 19, 2016, at least 50% of leaves had fallen, and the remaining leaves were very

senescent; the tree had well-developed fruits; (Bugust 16, 2016, the tree was bare again and it had flowers and fruits; (F) the tree
had new leaves (10-20 days old) on September 08, 2016;(G) the tree was bareAggirso?22, 2017, and in panel H (September

15, 2017) the tree was again with new leaves. In panels G and H there is a neighboring tree on the left-hand side of the tree (photos

R.A. Marenco).
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21, 2015 to July 19, 2016). If we considered that the As photoperiod, tengrature and water stress appear
contribution of senescent leaves to photosynthesis is veoy have little effect on triggering leaf shedding in this
low (Gan &Amasino, 1997), it is plausible to concludemunguba tree, we hypothesized that leaf shedding of this
that the functional leaf longevity of the munguba tree canee can be related to the increase in insolation (and
be reduced to 300-315 days. thereby in direct solar radiation), which is higher in the
The pattern of leaf shedding and leaf emergence fouddy season, 3.92 h day(wet seasonjersus6.51 h day
in this study was more concentrated than that reportéih the dry season éble 1). If leaf shedding in munguba
by Schongarét al. (2002) who found that in a floodplain is induced by a critical daily insolation (or by accumulated
forest of centraAmazonia, munguba trees dropped theiinsolation over time), then the tree will begin to shed leaves
leaves between March and July and produced new leawse that threshold is reached. This could explain the
in September Januarhis discrepancy can be ascribedack of a discernible effect of dry season length on the
to the fact that in this study the munguba tree was nigf phenology between the years 2015 and 2017. Of course,
subjected to flooding stress. some indirect effects of drought can be associated with
It has been postulated that across species the annigaf phenologyin the dry season maximum temperatures
pattern of leaf shedding in rainforest is rather flat, i.dncreaseThis can lead to higiiPD, particularly at midday
each month sharing about 5 - 13% of total annual leZhis is important, because the typical response of an
drop (Reich, 1995). In seasonal tropical environmenti)crease in VPD is a decline in photosynthetic rates
as dryness increases (i.e. precipitation declines and ¥Maruyamaet al., 2005), because high VPD induces
por pressure deficit increases) a greater proportion sfomatal closing. The drop in photosynthesis and the
species becomes deciduous, with leaf longevity roughigcrease of irradiance can ultimately lead to an increase in
following the length of the wet season (Reich, 1995}he amount of reactive oxygen species (ROS). Besides its
Although in centraAmazonia the dry season is rathefole in signaling, ROS are very toxic molecules capable of
short, in most species leaf renewal seems to increase&eaising irreversible damage to chloroplasts. It has been
the dry season (Lopes, 2015). It is still unknown whicEhown that degradation of proteins and ROS accumulation
environmental clue triggers leaf shedding of deciduouecur in senescing leaves (Nakamura & Izumi, 2018). In
trees (such as munguba) in centAahazonia. In this work we show that leaf senescence and fruiting
rainforests located close to the Equator (5°N to 5°syccurred synchronicallywhich makes sense as factors
maximum variation of day-length is of 35 min and théuch as self-shading and fruiting also play a role in leaf
mean temperature variation is small, from 26.3 °C (wéenescence (Kikuzawa & Lechowicz, 2011). The elapsed
season) to 27.1 °C in the dry seasoab(& 1) Thus, one time between leaf fall and leaf emergence was short (about
can assume that the contribution of photoperiod af@ur weeks), which seems to be uncorrelated with the
temperature to leaf phenology is small. Mendes &ngth of the dry season.
Marenco (2010) found a small difference in leaf area index Oné needs to be cautious in extrapolating data from
(LAI) between the dry season and the wet season, £7€ tree to the ecosystefinis tree, howevecan give us
versus5.1. Dias & Marenco (2016), howeyeid notfind & clue of the performance of the trees in the ecosystem.
an effect of the dry season on tree growth in 120 treédthough leaf shedding tends to increase in the dry
(28 species) in centréimazon, perhaps because thes€ason, it does not occur synchronously across all species.
correlation between LAl and above-ground net primaryus; light can penetrate deeper in the canopy of a
production is low i = 0.33:Asneret al., 2003). Morton neighboring tree when its companion tree is exchanging
et al. (2014) found that the greening (a proxy of phol_eaves at increased rates. It follows that at the ecosystem
tosynthetic rates) of themazon forest tends to remain level photosynthesis tends to remain rather constant over
stable over the yeawhich suggests that tree growthtime, as suggested by Mortetral. (2014). This can explain
and photosynthetic rates are not limited by water stred€ rather constant monthly growth rates of trees often
We ague that in the munguba tree (this study) |eaqb_served in centraikmgzonla, particularly under th_e
shedding and the environmental clue that triggers tfi@infall patterns of a typical yeawhen the dry season is
emergence of new leaves are not a direct response”f 00 prolonge (Dias & Marenco, 2016).
drought stress. For example, the dry season of 2015 (si
months below 100 mm monthwas more prolonged than %)bNCLUSIONS
that of 2017 only two months below 100 mm month In the greenhouse it was found that the leaves
(INMET, http://wwwinmet.govbr). However that expanded rapidly and fully expanded leaves have
variation in drought length apparently did not have photosynthetic rates similar to those found in saplings of
discernible effect on the phenological pattern oéther species. Munguba saplings show fast growth rates
munguba (Figure 5). (15 cm month* in height and about 1.9 mm moniin
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diameter). This suggests that munguba can be testedit R, Causton DR, Shipley B &skew AP (2002)A modern
reforestation programs particularly in areas with a mild gooqagt)sr_:éaéss'cal plant growth analysiannals of Botany
drought period. It was observed a low RGR in munguba

. . . L Kikuzawa K & Lechowicz MJ (201) Ecology of Leaf Longevit
saplings perhaps because the light intensity in greenhousg.,,, york Springer 147 p. (20m) o gevity

Wa? rather lowLeaf sheddlpg of munQUba Occu_rredl(ikuzawa K, OnodaY, Write IJ & Reich PB (2013) Mechanisms
during the dry season, and it was concentrated in Julyynderlying global temperature-related patters in leaf longevity
August. There was a lag of about one month betweenGlobal Ecology and Biogeograph2:982-993.

beginning of the leaf fall period and the emergence of nexbeke AEEO, Douma JC, Ordonez JC, Reich PB & van Bodegom
leavesWe hypothesized that leaf pheno'ogy of munguba PM (2011) Global qualification of contrasting leaf life span

is associated with the greater insolation and increased2\¢9ies for deciduous and evergreen species in response to
environmental conditions. Global Ecology and Biogeography

solar radiation of the dry season. 21:224-235.
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