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ABSTRACT
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The Brazilian Dry Tropical Forest, called Caatinga, has several environmental conditions limiting plant
growth and development, requiring the plants that inhabit this phytogeographic domain, physiological
and morphological traits to guarantee the perpetuation and survival of the species. The objective of the
present work was to evaluate the growth parameters in Ceiba glaziovii, a tree species that occurs in the
Caatinga, submitted to intermittent drought. For such seedling of C. glaziovii were subjected to different
cycles of irrigation suspension [Control- daily irrigation, S7- irrigation every seven days and SS - total
suspension of irrigation until signs of wilt appear]. Height, number of leaves, stem diameter, dry matter
of the various organs, root / shoot ratio, leaf area, and the index of plasticity were evaluated. The
prolongation of intermittent drought had a significant reducing effect on the growth rates, dry matter
production and leaf area of stressed C. glaziovii seedlings compared to daily watering ones. Plant height
and stem diameter were the most plastic traits found (IP>0,8). Thus, watering intervals above seven
days may severely compromise the production of C. glaziovii seedlings, affecting the growth rates until
the accumulation of dry matter. These results demonstrate that this species does not show great
tolerance to drought stress during the initial period of its development, suggesting for cultivation of
seedlings an adequate water availability or an interval of up to seven days between watering.

RESUMO
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Respostas fisioldgicas de mudas de Ceiba glaziovii (Kutze) K Skum. & eventos de seca intermitente.

A Floresta Tropical Seca brasileira, chamada de Caatinga, apresenta diversas condi¢des ambientais que
limitam o crescimento e desenvolvimento dos vegetais, exigindo das plantas que habitam esse dominio
fitogeografico estratégias morfoldgicas e fisiolégicas que garantam a perpetuacdo e sobrevivéncia de
suas espécies. O objetivo deste trabalho foi avaliar os parametros do crescimento inicial de Ceiba gla-
ziovii, espécie arborea que ocorre na Caatinga, submetidas a seca intermitente. Para tal, plantulas de C.
glaziovii foram submetidas a diferentes ciclos de suspensdo de rega [rega diéria (controle), a cada sete
dias (S7) e suspensao da rega até sinais de murcha foliar (SS). Foram avaliados altura, nimero de folhas,
diametro do caule, matéria seca dos diversos 6rgdos, relacdo raiz/ parte aérea, area foliar, e o indice de
plasticidade. O prolongamento da seca intermitente apresentou um efeito significativamente redutor
nos ritmos de crescimento, na producgdo de matéria seca e na area foliar das plantulas de C. glaziovii
estressadas em comparagdo as regadas diariamente. A altura e o didmetro do caule das mudas foram as
caracteristicas mais plasticas encontradas (IP>0,8). Ndo houve diferenga para particdo de biomassa e
relagdo raiz/parte aérea. Com isso, intervalos de rega acima de sete dias podem comprometer a producéo
de mudas de C. glaziovii, demonstrando que a espécie ndo apresenta grande tolerancia a seca durante o
periodo inicial do seu desenvolvimento. E indicado o cultivo das mudas em situacdes de disponibilidade
hidrica ou intervalo de até sete dias entre as regas.
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INTRODUCTION

Northeastern Brazil has about 53% of the semi-
arid region, in which it is inserted the ecoregion
called Caatinga, one of the geographical domains
occurring in dry tropical forests (Dombroski et al.,
2011; Santos et al., 2021). This domain is
characterized by a low annual precipitation volume
(250-800 mm) distributed irregularly, and high soil
and air temperatures. These characteristics can
promote changes in the distribution of plant
communities in the most diverse ecosystems (Silva
etal., 2017; Zhao et al., 2018).

Because of the intensification of the greenhouse
effect caused by global climate changes, arid and
semi-arid environments have been considered
highly vulnerable to climate changes (Ouhamdouch
e Bahir, 2017; Marengo et al., 2018). In this
perspective, the Caatinga vegetation has undergone
severe changes caused by desertification and
anthropic actions, putting at risk the promotion of
the maintenance of ecosystem services and the
permanence of these species (Silva et al., 2017,
Antongiovanni et al., 2020; Ramos et al., 2020).

Several findings in the literature have been
discussing the most varied strategies that plants
occurring in arid and semi-arid environments are
used to withstand this recurrent disturbance (Silva
et al., 2013; Gratani, 2014; Amissah et al., 2018;
Santos Junior et al., 2020; Ribeiro et al., 2020).
Some changes in growth patterns such as reduced
number of leaves and leaf area (Moura et al., 2020),
investments in a more robust root system (Dantas
et al., 2020) and, consequently, increase in the
root/shoot ratio (Ferreira et al., 2015) have been
interpreted  as important ~ morphological
transformations that guarantee greater survival in
these environments (Santos Junior et al., 2020).

Although these changes occur, it is still
guestionable whether such characteristics, which
are often indications of xeromorphic behavior, are
common among the most diverse species that are
already adapted to these environmental conditions
(Souza et al., 2015; Santos et al., 2021). This leads
us to question whether the occurrence of this
behavior is closely related to the plant's growth
habit or it is a consequent response to the stressful
environment.

Ceiba glaziovii (Kutze) K. Sckum, known as
paunchy or white paineira, it is an endemic tree
species from northeastern Brazil, occurring in the
Caatinga (Duarte, 2015; Silva et al., 2021). Its
popular name is due to its great ability to retain
water in its stem, leaving it swollen (Du Bocage e
Sales, 2002; Silva et al., 2016). The species in
question has a strong importance for popular
knowledge due to its medicinal properties (Pereira-
Janior et al., 2014), helping in predicting rainfall

(Bastos e Fuentes, 2015), feeding ruminants (Souza
et al., 2013) and it has also been shown to be
important in projects for the restoration of degraded
areas (Lorenzi, 2009; Pereira et al., 2001).

Notwithstanding the conditions of the
phytogeographic domain of occurrence of the
species and its natural tolerance to conditions of
strict water limitation, studies that evaluate the
morphological parameters of its initial growth, in
this perspective, are scarce, with studies under
different levels of shading (Ribeiro et al., 2020) or
studying other aspects of their behavior under
intermittent drought (Santos Junior et al., 2020).

Therefore, the present study aimed to evaluate
the growth parameters of Ceiba glaziovii seedlings
submitted to intermittent drought, seeking to
discuss how the morphological responses reflect in
different growth patterns and rhythms for the
ecology and survival of this species.

MATERIAL AND METHODS

The experiment was conducted out under semi-
controlled conditions in an agricultural greenhouse
at the Federal University of Sergipe (UFS). The
seeds of Ceiba glaziovii K. was collected in
Paripiranga/BA (10°41°00”’S; 37°51°00”0), located
in a semi-arid region, and sown in trays containing
washed sand.

After emergence, fifteen seedlings they were
transplanted into polyethylene bags containing 4.5
kg of a mixture of vegetable soil, washed sand, and
bovine manure, in the proportion 3:1:1 (v/v). The
seedlings, after transplanting, were watered daily
for approximately 20 days, close to field capacity
(20% of the maximum volumetric capacity of the
soil), before the application of water treatments
(differentiation of treatments).

Soil monitoring was done using a soil meter
(Hidrofarm HFM2010 Falker), and the soil
remained close to field capacity with an average
percentage of volumetric soil moisture of 20.9%.

During the period of the experiment, the average
temperature was 29.6 °C, ranging from 25.9 °C to
31.3 °C. The average relative humidity was 64.8%,
alternating from 49 to 75.

The experimental design was completely
randomized, with three water treatments of
irrigation suspension cycles [daily watering
(control), intervals of seven days as moderate stress
(S7), and suspension of watering until signs of leaf
wilt as severe stress (SS)] with five replication per
treatment, totaling 15 seedlings.

Soil moisture was always assessed before re-
irrigation in all treatments. The vegetative growth
was evaluated weekly over the 56 days, and the
parameters evaluated were: height of the seedlings
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(H), using a measuring tape, starting from the base
of the stem at a previously marked point until the
insertion of the youngest leaf; basal stem diameter
(SD), using a Digimess digital caliper measuring it
in a previously marked location, and the number of
leaves (LN) from the visual count.

At the end of the experimental period, the
seedlings were separated into leaves, stem and root,
packed in paper bags and taken to dry in an oven at
65°C for 72 hours until the material reached
constant weight, to obtain the dry matter weight for
leaves (LDM), stem (SDM), root (RDM) and total
(TDM). From these data, it was possible to
calculate the biomass partition for the various
organs and the root/shoot ratio (R/S ratio),
following the protocols described by Benincasa
(2003).

The phenotypic plasticity index (ranging from 0
to 1) for each morphological variable was
calculated as resulting from the difference between
the highest and lowest mean values between
treatments, divided by the highest mean value.

Values closer to 1 indicate high levels of
plasticity for a given characteristic, whereas values
close to 0 indicate low levels of plasticity for the
analyzed attribute (Valladares et al., 2005). The
data were submitted to the Shapiro-Wilk normality

test and when the data presented normal
distribution they were subjected to analysis of
variance and the means compared by the Tukey
(P<0,05).

RESULTS AND DISCUSSION

The soil moisture was reduced over the
experimental period due to intermittent drought,
both due to evaporative issues occurring on the
surface of the pots and due to the water demands of
the seedlings in the respective water treatments.

The reduction in water availability directly
affects the development and physiology of plants,
being a relevant factor for the survival of species
that live under this stress condition (Taiz et al.,
2017; Marengo et al., 2018).

The soil moisture of the control seedlings (C)
ranged from 19.2 to 20.9%, whereas in the
seedlings watered every seven days (S7) the
variation was from 15.8 to 16.9% and in plants with
water suspension. watering until signs of leaf
wilting (SS) varied from 9.3% to 9.6%, before re-
irrigation, which demonstrates a reduction of about
20 and 50% in soil moisture, for plants grown under
moderate water restriction and severe, respectively,
when compared to the control treatment (Table 1).

Table 1 — Percentage of volumetric soil moisture (%) before the re-irrigation of C. glaziovii seedlings subjected
to intermittent drought. Control (C) with daily watering, watering every seven (S7) day sand at intervals until
the leaves show signs of wilting (SS). Mean + SD of five repetitions

Water treatments

Days after water stress

C S7 SS
14 19,2+0,5 16,3+0,6 9,4;:0,7
28 20,9+2,4 16,0+2,0 9,3+0,3
42 19,1+1,2 16,4 +0,9 9,4+0,4
56 20,8 +1,0 15,8 +0,4 9,6+0,4
Mean 20,9+0,04 16,05+1,4 9,5 +0,06

The water deficit in the soil is one of the main
abiotic factors that affect the establishment and
dynamics of plant species, affecting the growth
rates and production of dry matter in the initial
stage of plant development (Silva et al., 2013;
Gratani, 2014; Ribeiro et al., 2019; Santos Junior et
al., 2020).

In this study, there was a marked reduction in
growth rates in seedlings of C. glaziovii as they
were exposed to more severe water restriction,
which reflected drastic reductions in the final
accumulation of fixed carbon. Seedlings grown

under the highest water restriction regime showed
approximately 70% reduction in height and stem
diameter (Figure 1A and 1B), as well as 50%
reduction in the number of leaves when compared
to the control treatment (Figure 1C). Analyzing the
growth of Erythrina velutina seedlings De Oliveira
etal., (2016) also observed reductions in height and
number of leaves when grown under water
restrictions. Reductions in cell division rates during
periods of water restriction may imply a decrease
in plant growth rate (Taiz et al., 2017).
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Days after treatment

Figure 1 - Height (A), basal stem diameter (B) and leaf number (C) of C. glaziovii seedlings submitted to

intermittent drought

This behavior of reduced growth rates was also
observed in moderate stress. These reductions in
height, stem diameter, and, especially, the number
of leaves can harm the production of dry matter.
Thus, leaf abscission may be one of the survival
mechanisms used during water scarcity, found in
some arboreal species such as Tabebuia aurea and
Caesalpinia ferrea (Dombroski et al., 2011) but the
species in the present study did not use this strategy
but significantly reduced the emission of new
leaves when they were stressed.

Similar to growth, intermittent drought had a
strong effect on the production of dry matter (Table
2), especially on root (RDM) and total (TDM) dry

matter. The most severe watering intervals (SS), of
approximately 14 days, significantly reduced the
production of dry matter when compared to the
control seedlings (C), reductions also observed to
plants watered each every seven days (S7). No
significant results were observed for the root/shoot
ratio and biomass partition for the different organs.
The interferences of water deficit in the promotion
of growth and development rhythms in plants as
observed in the present work have been widely
discussed (Silva et al., 2013; Gratani, 2014; De
Oliveiraetal., 2016; Taiz et al., 2017; Santos Junior
et al., 2020).
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Table 2 - Leaves dry mass (LDM), stem dry mass (SDM), root dry mass (RDM), total dry mass (TDM),
root/shoot ratio (R/S), leaf biomass partition (LBP), stem biomass partition (SBP) and root biomass partition
(RPB) of C. glaziovii seedlings submitted to water deficit. Control, S7 and SS corresponding to water
treatments as daily watering and intervals of seven days and total suspension of watering, respectively. Equal

letters did not differ statistically by Tukey’s test (P<0.05)

e A RSt gy RPBOA
Control 3,96 a 432a 513a 11,12a 0,3944a 29,12a 43,54 a 27,32 a
S7 2,68 a 3,49 a 2,35Db 0,3478a 28,64a 46,29 a 25,05 a

SS 1,05b 1,90b 1,02b 0,3271a 27,14a 46,35 a 26,50 a

These reductions in growth rates are multicausal
in nature and may occur due to stomatal limitations
(Santos Junior et al., 2020), which aim to restrict
the loss of water through transpiration while
limiting the diffusion of CO- to the carboxylation
sites, reducing the formation of carbon compounds
for immediate consumption and promoting growth
rates (Marques et al., 2020; Santos et al., 2021)
commented that Ceiba glaziovii seedlings under
intermittent drought prioritize keeping the tissues
hydrated, probably due to stomatal closure, slowing
their growth to ease metabolic costs.

Reductions in growth rates are also related to the
adoption of energetically costly mechanisms such
as the accumulation of osmoprotective and
regulatory substances that aim to protect tissue
water content (Moura e Vieira, 2020; Santos Janior
et al., 2020), a characteristic that Ceiba glaziovii
presents in the roots to keep the tissues hydrated at
the first sign of drought (Santos Janior et al., 2020).

In addition, the absence of the basic preceptor
maintain growth rates. The absence of water
hinders the processes of cell stretching and
division, which leads to a restriction of cell
expansion since it is the one that guarantees the
necessary turgor pressure for cell growth to occur
(Taiz etal., 2017).

Although this occurs, some of the usual
responses to this condition were not observed in the
present study, such as greater root growth resulting
from a greater investment of resources for this
organ. This generally translates into changes in the
proportion of root growth as a function of the area,
which is usually interpreted as xeromorphic
behavior. This can guarantee a greater uptake of

water resources in the deepest layers of the soil as
well as better management of the transpiring
surfaces (Ferreira et al., 2015; Dantas et al., 2020).
Thus, although C. glaziovii is a species widely
occurring in the semi-arid landscapes of the
Caatinga, it does not seem to use this strategy of
reversing patterns to deal with disturbances
occurring in its place of occurrence.

Despite the literature citing the inversion of
growth patterns as a drought tolerance strategy,
species such as popularly called jatoba (Hymenea
coubaril L.) (Nascimento et al., 2011) and pereiro
(Aspidosperma pyrifolium Mart.) (Freitas e Silva,
2018) in the same way that C. glaziovii also does
not present such alterations. This behavior, at least
so that H. courbaril and A. pyrifolium seems to be
related to the low growth rates that these species
have, presenting a slow growth pattern in the initial
stage of development, which does not seem to
apply to C. glaziovii, since it is referred to as a
selective xerophytic pioneer species (Melo et al.,
2014), which in a way needs further explanation.

Some changes in leaf morphology and structure
respond to water deficiency. In the present study
(Table 3), an increase in the leaf area ratio (LAR)
was noted, a characteristic that demonstrates
changes in leaf thickness, which may symbolize a
greater accumulation of carbohydrates or
inefficiency in transporting them (Benincasa, 2003;
Nascimento et al., 2011). In addition, changes in
specific leaf area (SLA) seems to correlate with
interferences in carbon metabolism, requiring a
larger leaf area to maintain full photosynthetic
capacity, at least in conditions of moderate stress.
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Table 3 - Leaf area (LA) (cm?), leaf area ratio (LAR) (cm?%g TDM) and specific leaf area (SLA) (cm?/g LDM)
of C. glaziovii seedlings submitted to water deficit. Equal letters did not differ statistically by Tukey’s multiple

range test (P<0.05)
Water treatment LA (cm?) LAR (cm?g TDM) SLA (cm?g LDM)
Control 267,6 a 185Db 74,9 ab
S7 230,2a 21,5ab 77,0 a
SS 140,1b 25,0a 62,0b

Plant species that have a slow-growing initial
growth, especially late secondary and climax
(Lovelock et al., 1998), do not invest as many
resources in promoting the growth of a given organ,
thus impacting on low levels of plasticity for such
characteristics. This behavior seems to be related to
the ecology of tree species, since such organisms
do not require high levels of energy investment for
faster growth (reflecting a lower level of plasticity),
which no longer occurs with fast-growing species
that require a large amount of resources to develop
in a short period of time, which reflects a high
degree of plasticity (Chapin 1l et al., 1993; Price et
al., 2003 Ferreira et al., 2015).

0,8 4 ]
0,6 -

0,4 4

Index plasticity (IP)

0,2 4

0,0

Although we have observed this fact, in our
study changes in height and stem diameter were the
characteristics of greater plasticity (Figure 2). The
plastic response of such organs probably seems to
be related to the particularity of the growth habit of
C. glaziovii, which presents differentiated stem
anatomy. It can store large volumes of water, a
stock that guarantees the maintenance of the water
supply during periods of drought.

Thus, it is notable that this curious strategy of
living with drought requires organs with high levels
of plasticity, which allows expansion and retraction
of the stem without serious damage to the
anatomical structures.

s m

T T T T T T
H SD RDM LN TDM LAR SLA LDMSDM LA R/S BPR BPL BPS

Morphologicals parameters

Figure 2 - Plasticity index of the morphological parameters evaluated in C. glaziovii seedlings submitted to
intermittent drought. Height (H), stem diameter (SD), root dry matter (RDM), leaf number (LN), total dry
matter (TDM), leaf area ratio (LAR), specific leaf area (SLA), leaf dry matter (LDM), stem dry matter (SDM),
leaf area (LA), root/shoot ratio (R/S), biomass partitioning for root (BPR), biomass partitioning for leaves

(BPL), and biomass partitioning for stem (BPS)
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In this study, C. glaziovii had its initial growth
reduced when subjected to severe water stress,
which highlights the importance of studies on the
morphophysiological responses of plants during the
seedling establishment phase, ensuring a higher
success rate in reforestation programs. Therefore,
evaluating the initial parameters of seedling growth
is of significant importance in identifying the
strategies used by species to establish themselves in
environments with unfavorable situations. In this
way, it is possible to contribute to higher
productivity of seedlings, knowing the conditions
that best favor their growth, inducing greater
amounts of acclimated plants to the wvarious
stressful situations found in the Caatinga, thus
increasing the percentage of success of their
insertion environment.

CONCLUSIONS

Ceiba glaziovii is moderately tolerant to water
suppression during the initial phase of its
development. Intervals longer than seven days
compromise seedling production, by reducing
growth and dry matter production. So, according to
the present study the cultivation of the seedlings
must be carried out with adequate water
availability, using interval of up to seven days
between irrigations.
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