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Resumo

SILVA, Elson Junior Souza da Silva. Hidratagdo descontinua: aprimoramento da
expressado do potencial fisiologico de sementes de Ormosia grossa Rudd e
Schizolobium parahyba var. amazonicum (Huber x Ducke) Barneby em condicdo de
estresse hidrico. 2021. 44f. Dissertacdo (Mestrado em Ciéncias) — Programa de Poés-
graduacéo em Ciéncia e Tecnologia de Sementes, Faculdade de Agronomia Eliseu
Maciel, Universidade Federal de Pelotas, Pelotas, 2021.

A maioria dos Modelos de Sistemas Terrestres prevé um aumento da intensidade da
estacdo seca na Amazbnia no século XXI. Assim, é fundamental investigar o
comportamento da germinacdo de sementes de espécies nativas sob condicdes de
estresse e estratégias para garantir seu estabelecimento. Diante do exposto, este
trabalho teve como objetivo descrever o padréo da curva de hidratacdo de sementes
de espécies florestais nativas da Amazénia Ormosia grossa Rudd e Schizolobium
parahyba var. amazonicum e avaliar o efeito da hidratacdo descontinua na
germinacdo de sementes em condigbes de estresse hidrico. Para tanto, as
sementes foram submetidas a 0 (controle), 1 e 2 ciclos de hidratacdo descontinua, e
semeadas em condi¢bes de estresse hidrico simulado (0, -0,2; -0,4; -0,6 e -0,8
MPa). As sementes de O. grossa apresentam padrdo trifasico na curva de
hidratacdo e as sementes de S. parahyba var. amazonicum tem um padréo bifasico.
Ambas as curvas de hidratacdo se ajustaram a curva de Fourier Maia com uma série
de dois termos. A germinacdo das duas espécies estudadas foi influenciada
positivamente pelos ciclos de hidratacdo descontinua em condicbes de estresse.
Sementes de O. grossa e S. parahyba var. amazonicum, quando submetidas a 2
ciclos de hidratacdo descontinua, geralmente apresentam melhor desempenho
germinativo e podem permanecer quiescéncia quando submetidas a condicdes de
estresse hidrico.

Palavras-chave: sementes florestais, ciclos de hidratacdo, curva de hidratacao



Abstract

SILVA, Elson Junior Souza da. Discontinuous hydration: improving the expression
of the seeds physiological potential of Ormosia grossa Rudd and Schizolobium
parahyba var. amazonicum (Huber x Ducke) Barneby at water stress condition. 2021.
44f1. Dissertation (Master in Science) — Programa de Pés-Graduacdo em Ciéncia e
Tecnologia de Sementes, Universidade Federal de Pelotas, Pelotas, 2021.

Most Terrestrial Systems Models foresee an increase in the intensity of the dry
season in the Amazon in the 21st century. Thus, it is essential to investigate the seed
germination behavior of native species under stress conditions and strategies to
guarantee their establishment. Given the above, this paper aims to describe the
hydration curve pattern seeds of the forest species native to the Amazon Ormosia
grossa Rudd and Schizolobium parahyba var. amazonicum and evaluate the effect of
discontinuous hydration on seed germination under water stress conditions. For this,
the seeds were submitted to O (control), 1, and 2 cycles of discontinuous hydration,
and sown under simulated water stress conditions (0, -0.2; -0.4; -0.6 and -0.8 MPa).
Seeds of O. grossa had a three-phase pattern in the hydration curve and seeds of S.
parahyba var. amazonicum had a two-phase pattern. Both hydration curves fit the
Fourier Maia curve with a series of two terms. The germination of the two studied
species is positively influenced by discontinuous hydration cycles under stress
conditions. Seeds of O. grossa and S. parahyba var. amazonicum, when submitted
to 2 cycles of discontinuous hydration, generally present better germination
performance and can remain quiescent when subjected to water stress conditions.

Keywords: forest seeds, hydration cycles, hydration curve
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1.1 Introducéo

O potencial fisiologico de sementes florestais pode ser afetado diretamente
pela disponibilidade hidrica (POPINIGIS, 1985). A 4gua é um fator essencial tanto
para a formacdo das sementes como para 0O inicio do processo germinativo
(BASKIN; BASKIN, 2014; TAIZ et al., 2017). A reidratacdo é um dos fatores que
mais influenciam o processo de germinacdo, pois intensifica a respiracao,
promovendo atividades metabodlicas para o fornecimento de energia e nutrientes
necessarios para a retomada do crescimento do embrido (CARVALHO;
NAKAGAWA, 2000).

O conhecimento do periodo de germinacdo, estabelecimento e
desenvolvimento das plantulas arboreas sao importantes para a sobrevivéncia das
espécies florestais, principalmente em locais onde fatores estressantes, a exemplo
da baixa disponibilidade hidrica sdo comuns. Nesse sentido, tem-se levantado uma
preocupacdo com o cenario de &reas desflorestadas na regido amazobnica que
podem apresentar um periodo de esta¢do mais seca, bem como maior demanda por
agua (BARKHORDARIAN et al., 2019; SALES et al., 2020). Essas condi¢cdes podem
ser um fator limitante para o estabelecimento de diversas espécies seja por meio da
semeadura direta ou através da dispersao natural.

O estudo acerca da resposta das espécies florestais sob condi¢cdes de
estresse apresenta diversos pontos de interesse, uma vez que cada espécie
apresenta seu préprio mecanismo para sobreviver diante de fatores bidticos e
abidticos (GOU et al., 2012). A partir da constatacdo da capacidade das sementes
germinarem em condicbes adversas pode-se verificar seu desempenho de
adaptacdo a ecossistemas em processo de recuperacdo com condicdes
desfavoraveis.

Um dos aspectos que pode ser levado em consideragao para garantir melhor
desempenho germinativo de sementes em condicdo de estresse € a hidratacdo
descontinua (DUBROVSKY, 1996, 1998; LIMA; MEIADO, 2017; LIMA et al., 2018;
NICOLAU et al., 2020; SARMENTO et al., 2020). Esse processo ocorre naturalmente
em sementes de espécies de clima com alta temperatura e baixa precipitacao
pluviométrica. Em virtude da baixa disponibilidade hidrica as sementes nao

absorvem agua suficiente para completar o processo de germinagdo e perdem a
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agua absorvida por evaporacdo (DUBROVSKY, 1996, 1998). Nesse contexto,
sementes de algumas espécies podem apresentar a capacidade de armazenar
informacdes bioquimicas e fisiolégicas que podem refletir positivamente na
germinacao das espécies mesmo em condi¢cdo adversa (DUBROVSKY, 1996, 1998).

No estudo da germinacdo de sementes, o conhecimento de como 0 estresse
hidrico influencia o processo de germinacdo tem importancia na ecofisiologia para
avaliar os limites de tolerancia e a capacidade de adaptacdo das espécies, pois 0s
fatores abidticos interferem na germinacédo de sementes (LARCHER, 2006).

1.2 Objetivos e Metas

Caracterizar a curva de hidratacdo das sementes de Tachigali myrmecophila
(Ducke) Ducke, Schizolobium parahyba var. amazonicum (Huber x Ducke) Barneby,
Stryphnodendron adstringens (Mart.) Coville e Ormosia grossa Rudd.

Determinar o tempo de hidratacdo e desidratacdo das sementes de T.
myrmecophila, S. parahyba var. amazonicum, S. adstringens e O. grossa e
estabelecer seus ciclos de hidratacdo descontinua.

Analisar o efeito dos ciclos de hidratacdo descontinua na germinacédo de
sementes em condicdo de estresse hidrico.

Auxiliar na elaboracdo de novas estratégias de manejo de espécies florestais

da regido a amazonica frente as altera¢cdes ambientais.

1.3 Metodologia

Este estudo serd realizado no Laboratério de Analise de Sementes do
Programa de Pods-graduacdo em Ciéncia e Tecnologia de Sementes da
Universidade Federal de Pelotas, campus Capéo do Le&o, Rio Grande do Sul.

No inicio do experimento sera determinado o teor de agua das sementes por
meio do método em estufa a 105 °C+ 3 °C em camera de circulagdo forgada por 24
horas (BRASIL, 2009). Para tanto, duas repeticdes de 4g de sementes quebradas de

cada espécie serdo utilizadas.

Ciclos de hidratacao e desidratacéo
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O tempo de hidratacdo e desidratacdo de ambas as espécies sera obtida a

partir da curva de hidratacéo.

Curva de hidratacao

Serdo utilizadas quatro repeticoes de 25 sementes. As sementes serao
submetidas ao procedimento de desponte para superacdo da dorméncia fisica e, em
seguida, serdo colocadas em papel toalha do tipo Germitest® umedecido com &gua
destilada a um volume, equivalente a 2,5 vezes a massa do papel seco. Os papeis
serdo organizados em forma de rolos coberto por um saco plastico e colocados
dentro de um germinador do tipo Biochemical Oxygen Demand (BOD) a 30 °C com
fotoperiodo de 12 horas.

A massa de sementes inicial serd equivalente ao peso de sementes antes da
hidratacdo (tempo zero). A curva de hidratacdo sera obtida a partir dos valores da
massa de sementes, verificada em balanca analitica em intervalos de 60 minutos até
completarem o processo de germinacdo com a protusdo da radicula. A cada 60
minutos as sementes serdo retiradas da BOD e colocadas em papel toalha para
retirar o excesso de agua de sua superficie e, em seguida, sera feita a pesagem de
cada amostra.

Apos a obtencdo de todas as pesagens sera calculado a percentagem de

agua absorvida em cada tempo conforme a férmula abaixo:

Peso final—Peso inicial

% hidratacao = [ ]x 100 (1)

Peso inicial

Curva de desidratacao

Para a determinacdo da curva de desidratacdo serdo utilizadas quatro
repeticbes de 25 sementes escarificadas com lixa n°90 na regido oposta ao hilo. As
sementes serdo pesadas inicialmente em balanca analitica para a obtencdo da
massa inicial. Em seguida, cada repeticdo sera colocada entre duas camadas de
papel do tipo Germitest® umedecido com agua destilada a um volume equivalente a
2,5 vezes a massa do papel seco e colocadas em BOD a 30 °C com fotoperiodo de
12 horas durante o periodo correspondente ao tempo de ¥4 da curva de hidratacao.

Apo6s o tempo de hidratacdo, as sementes seréo retiradas do contato com a agua e
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colocadas em bandeja forrada com papel toalha, mantidas em ambiente controlado
com temperatura a 30 °C e pesadas a cada 60 minutos até atingirem o peso inicial
antes da hidratacéo.

Apbs o estabelecimento da curva de hidratacdo, sera considerado o tempo de
hidratacdo das sementes equivalente a ¥4 da fase Il do processo de hidratacao
(LIMA et al., 2018).

Ciclos de hidratacao e desidratacao

Apos as curvas de hidratacédo e desidratacdo, as sementes serdo submetidas
a 0, 2 e 4 ciclos de hidratacdo descontinua, colocadas para germinar em condicdes
de estresse hidrico simulado. Cada ciclo sera composto pelo tempo determinado de
hidratacdo (Y2 da fase Il da curva de hidratacdo) e desidratagcdo das sementes,

conforme ser& observado para cada espécie.

Estresse hidrico simulado

Ao final de cada ciclo, as sementes serdo colocadas para germinar em
condicbes de estresse hidrico simulado por solucdes de Polietileno Glicol (PEG
6000) nos potenciais osméticos de 0,0 (agua destilada); -0,2; -0,4; -0,6 e -0,8 MPa
(VILLELA et al., 1991).

Delineamento experimental
O delineamento experimental serd inteiramente casualizado em esquema
fatorial de 3 x 5 (ciclos de desidratacdo descontinua e potenciais osméticos), com

quatro repeticdes, cada.

Tabela 1 - Representacdo experimental da germinacdo de sementes de T. myrmecophila, S.
parahyba var. amazonicum, S. adstringens e O. grossa, submetidas aos ciclos de desidratacdo
descontinua e estresse hidrico simulado.

Potencial osmotico (MPa)

Ciclos

0,0 -0,2 -0,4 -0,6 -0,8
0 T1 T2 T3 T4 T5
2 T6 T7 T8 T9 T10
4 T11 T12 T13 T14 T15

*T: tratamento

Variaveis a serem analisadas
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Serdo avaliadas as seguintes variaveis:

a)

b)

d)

Germinacédo de sementes (JELLER; PEREZ, 2003):

_ &n
G% = +==2x 100 @)

Onde, G%: germinacdo; Zn é o numero de sementes germinadas ao final do
experimento e TSS é o total de sementes semeadas no inicio do experimento.

indice de velocidade de germinacédo (MAGUIRE, 1962):

ve = () + (@) +

Onde, G1, G2, Gn: numero de sementes germinadas na primeira, segunda,

() @)

Nn
(...) e ultima contagem; N1, N2, Nn: nimero de dias a primeira, segunda, (...)
e Ultima contagem de germinacao.

Tempo médio de germinacdo (LABOURIAU, 1983):

K 4
E — Zi=1 niti (4)

Z§=1ni
Onde, ti=tempo entre o inicio do experimento e a i-ésima observacao (dia); ni=
namero de sementes que germinam no tempo ti (hdo nimero acumulado, mas

o numero referido para a i-ésima observacédo); k: ultimo tempo de germinacéo

das sementes.
Entropia informacional (LABOURIAU, 1983):
E= - Xk, filog2fi )

Onde, E: entropia; fi: frequéncia relativa de germinacéo; k: dltimo dia de

observacéao.
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Apoés o final da avaliacdo de desempenho germinativo sera mensurado a
massa seca da parte aérea, raiz e total. Além disso, utilizando analise
computadorizada de imagens de plantulas (SVIS®) serdq analisado também o

comprimento de plantulas, indice de vigor, crescimento e uniformidade.

Anadlise estatistica

Os dados serdo submetidos a analise de variancia e em seguida sera
realizado o teste de normalidade de dados pelo teste de Shapiro-Wilk e
homogeneidade de variancias pelo teste de Bartlett a 5% de significancia pelo teste
F no programa R.

Serd verificado se ha interacéo entre os fatores, em seguida os dados seréo
submetidos andlise de regressao.

1.4 Cronograma do Projeto

Ano 2020

Maio Junho Julho

Atividades 24 - 30 1-10 15-24 29-30 1-10 11- 20 20 - (.)

Revisdo bibliografica X

Curva de embebicdo X

Curva de desidratacao X

Montar experimento spl X

Montar experimento sp2 X

Montar experimento: sp3 X

Monitorar experimento sp4 X

Monitoramento de experimentos

Andalise de dados X X X X

*sp= espécie
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2 Artigo

Revista: Acta Amazonica

Discontinuous hydration: improving the expression of the seeds physiological
potential of Ormosia grossa Rudd and Schizolobium parahyba var. amazonicum

(Huber x Ducke) Barneby at water stress condition

Abstract: Most Terrestrial Systems Models foresee an increase in the intensity of the
dry season in the Amazon in the 21st century. Thus, it is essential to investigate the
seed germination behavior of native species under stress conditions and strategies to
favor their establishment. Given the above, this paper aims to describe the hydration
curve pattern seeds of the forest species native to the Amazon Ormosia grossa Rudd
and Schizolobium parahyba var. amazonicum and evaluate the effect of
discontinuous hydration on seed germination under water stress conditions. Seeds
were submitted to 0, 1, and 2 cycles of discontinuous hydration (HD cycles), and
sown under simulated water stress conditions (0, -0.2; -0.4; -0.6 and -0.8 MPa).
Seeds of O. grossa had a three-phase pattern in the hydration curve and seeds of S.
parahyba var. amazonicum had a two-phase pattern. Both hydration curves fit the
Fourier Maia curve with a series of two terms. The germination of the two studied
species was positively influenced by HD cycles under stress conditions. Seeds of O.
grossa and S. parahyba var. amazonicum, when submitted to two cycles of HD,
generally present better germination performance and can remain quiescent when

subjected to water stress conditions.
Keywords: forest seeds, hydration cycles, hydration curve
Hidratacion discontinua: mejora la expresion del potencial fisiolégico de semillas
de Ormosia grossa Rudd y Schizolobium parahyba var. amazonicum (Huber x

Ducke) Barneby en condicion de estrés hidrico

Resumen: La mayoria de los modelos de sistemas terrestres prevén un aumento en

la intensidad de la estacion seca en la Amazonia en el siglo XXI. Asi, es fundamental
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investigar el comportamiento de germinacion de semillas de especies nativas en
condiciones de estrés y estrategias para favorecer su establecimiento. En este
contexto, este trabajo tuvo como objetivo describir la curva de hidratacion de
semillas de las especies forestales nativas de la Amazonia Ormosia grossa Rudd y
Schizolobium parahyba var. amazonicum y evaluar el efecto de la hidratacion
discontinua sobre la germinacién de semillas en condiciones de estrés hidrico. Las
semillas se sometieron a 0 (control), 1 y 2 ciclos de hidratacién discontinua (ciclos de
HD) y se sembraron en condiciones de estrés hidrico simulado (0, -0,2; -0,4; -0,6 y -
0,8 MPa). Las semillas de O. grossa tienen un patrén de tres fases en la curva de
hidratacion y las de S. parahyba var. amazonicum de dos fases. Ambas curvas de
hidratacion se ajustan a la curva de Fourier Maia con una serie de dos términos. La
germinacion de las dos especies estudiadas es influenciada positivamente por los
ciclos de HD en condiciones de estrés hidrico. Semillas de O. grossa y S. parahyba
var. amazonicum, cuando se someten a dos ciclos de HD, generalmente presentan
un mejor rendimiento de germinacion y pueden continuar quiescentes cuando se

somete a condiciones de estrés hidrico.

Palabras clave: semillas forestales, ciclos de hidratacion, curva de hidratacion

2.1 Introduction

The Amazon has the largest tropical forest in the world, covering about eight
million square kilometers of the forest with about 16,000 species of trees. It also has
approximately 10% of the world's biodiversity and 15% of the planet's freshwater
(TER STEEGE et al.,, 2016). However, in the past few decades, climate changes
have been observed dramatically in several Amazon zones, especially concerning
the water regime and temperature caused by deforestation (BARKHORDARIAN et
al., 2019).

Most Terrestrial System Models (ESMs) foresee an increase in the intensity of
the dry season in the Amazon in the 21st century (ARAGAO et al., 2018;
BARKHORDARIAN et al., 2019). If this new climatic configuration is confirmed, it is
expected that the Amazon will present oscillations in a large escalation in

precipitation, increasing the demand for water and leaving ecosystems vulnerable to
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fires and prolonged droughts (MALHI et al., 2008; ARAGAO et al., 2018;
BARKHORDARIAN et al., 2019). Moreover, regional climate models warn of possible
changes in the water regime of recently degraded areas (SALES et al., 2020), which
creates unfavorable conditions for establishing forest species through direct seeding
and natural dispersion.

Nevertheless, regions with high temperatures and irregular rains can cause
discontinuous hydration in the seeds. Under this process, seeds of some species
may have the capacity to store biochemical and physiological information from
previous hydration, improving its germinative capacity. This mechanism is called
seed hydration memory (DUBROVSKY, 1996, 1998).

It has been highlighted that species with seeds hydration memory have
significant germination values, lower mortality rates, higher germination speed,
uniformity, and establishment of vigorous seedling stand under conditions of water
and salt stress (LIMA; MEIADO, 2017; LIMA et al., 2018; NICOLAU et al., 2020;
SARMENTO et al., 2020). Thus, it may be used as a possible strategy to improve the
seeds' germinative performance in unfavorable conditions.

In studies with hydration cycles, the description of the seed hydration curve
has been taken into account to elucidate the influence of the process on seed
germination. In this context, a modeling statistic is essential to study the water
absorption kinetics in each phase of the hydration curve, allowing future comparative
analyzes using an accurate model (SILVA et al., 2018).

Given the various environmental changes in the Amazon region, it is essential
to investigate the germinative behavior of native species. Furthermore, looking for
low-cost strategies that can favor their establishment in these environments. In this
context, the use of legume species seeds, such as Schizolobium parahyba var.
amazonicum (Huber x Ducke) Barneby, can be highlighted because they have the
potential to be used to recover deforested areas and agroforest systems
(CORDEIRO et al., 2016; SCHWARTZ et al., 2017; GOMES et al., 2019). Some
species from the Ormosia genus have great importance for building, furniture
construction, and the recovery of degraded areas (MOREIRA et al., 1992; PAULA,
ALVES, 1997; CARNEIRO et al., 1998; RIBEIRO et al., 1999). Both genus
(Schizolobium and Ormosia) present seeds with tegumentar dormancy, which is
considered a survival strategy (CURIEL; MORAES, 2011; SILVA et al., 2014; SILVA
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et al., 2015; SILVA et al., 2018; SMYCHNIUK; CALVI; FERRAZ, 2020) and they have
orthodox seeds, being tolerant to the desiccation process (CARVALHO, 2003; SILVA
et al., 2021).

Thus, this paper aimed to describe the hydration curve pattern seeds of the
forest species native to the Amazon Ormosia grossa and Schizolobium parahyba var.
amazonicum and evaluate the effect of discontinuous hydration on seed germination

under water stress conditions.

2.2 Material and method

Seeds of Schizolobium parahyba var. amazonicum comes from a
subpopulation belonging to the company Amazon flora (1°22' 03.9"S e 48°19'
12.4"W), at the city of Marituba, state of Para, Brazil. Ormosia grossa came from the
State Forest of Antimary (9°22'29” S e 68°23’36” W), at the city of Rio Branco, State
of Acre, Brazil. Both species seeds were collected at dispersion time directly on the
ground. The seeds were transported in a styrofoam container to the city of Pelotas,
State of Rio Grande do Sul. They were stored in a cold chamber (Temperature = 15
°C; Relative humidity = 60%) until the beginning of the experiment. Seed moisture
content was determined before the experiment according to Regras para Analise de
Sementes (BRASIL, 2009).

Overcoming seed dormancy and seeds asepsis

Mechanical scarification was used to overcome both species' seeds'
integumentary dormancy, using sandpaper number ninety (GONCALVES et al.,
2011; FERNANDES et al., 2019). The scarification was performed at the opposite
region to the hilum. Then they were immersed in 1% sodium hypochlorite for one

minute and placed to dry on filter paper.

Hydration curve

For this, four replicates of 25 seeds, each. The curve was drawn from seeds
placed to soak in three germitest® paper sheets saturated with distilled water. The
amount of water used was 2.5 times the dry paper mass. Then, seeds were placed in

a germination chamber of the type Biochemical Oxygen Demand (BOD) Model SL-
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224 | U (Temperature = 27 °C; Relative humidity = 65%; Photoperiod = 12 h). The
seeds were weighed using an analytical balance of precision (0.0001 g) every hour,
ending after protrusion of the primary root of at least 50% of the seeds of each
repetition. The estimate of the seed absorption water was made using the following

equation:
% seed hydration = (fv‘:%) x100 (2)

Where, "fw" is the final weight, in grams (moisture gain at each hydration period), and

"iw" is the initial weight of the seeds before hydration.

Hydration time determination

The hydration and dehydration time was calculated according to the species'
hydration curve. The hydration time used was equivalent to half of phase | of the
hydration curve (LIMA et al., 2018), 48 hours for Ormosia grossa seeds and 35 hours

for S. parahyba var. amazonicum seeds.

Dehydration time determination

Four repetitions of 25 seeds were used to determine the dehydration time of
the seeds. The samples were initially weighed on an analytical balance to obtain the
initial mass. They were then sown under the same conditions as for the hydration
time determination; however, they were kept in contact with the water only during the
hydration period established for each species. After the hydration time, the seeds
were removed from contact with water and placed in a tray lined with filter paper into
a germination BOD chamber (Temperature= 30 °C; Relative humidity= 65%). The
seeds were weighed every 60 minutes until reaching initial weight (before hydration).

Thus, the dehydration time used was 106 hours for Ormosia grossa seeds and

62 hours for S. parahyba var. amazonicum seeds.

Simulated discontinuous hydration
The discontinuous hydration process was simulated from the hydration and
dehydration times of the seeds of each species. The seeds were submitted to O

(control), 1 and 2 cycles of discontinuous hydration and sown under simulated water
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stress conditions. Each cycle was composed by the determined hydration time (48
hours for Ormosia grossa; 35 hours for S. parahyba var. amazonicum) and
dehydration of the seeds (106 hours for Ormosia grossa; 62 hours for S. parahyba

var. amazonicum).

Simulated discontinuous hydration

At the end of each cycle, the seeds were placed to germinate under conditions
of water stress simulated by solutions of Polyethylene Glycol (PEG 6000) in osmotic
potentials of 0.0 (distilled water); -0.2; -0.4; -0.6 and -0.8 MPa (VILLELA et al., 1991).

Experimental design
The experimental design was completely randomized in a 3 x 5 factorial
scheme (discontinuous hydration cycles and osmotic potentials), with four

replications each.

Response variables

Seed germination (JELLER; PEREZ, 2003), germination speed index
(MAGUIRE, 1962), mean germination time (LABOURIAU, 1983) and informational
entropy (LABOURIAU, 1983) were evaluated. Seed germination was considered to
visualize of at least 2 cm of the radicle (BEWLEY et al., 2013).

Since that every seed is considered quiescent due to the absence of one or
more external factors favorable to germination, such as the low water availability
studied in this research (RAGHAVAN, 2000; VICENTE-CARBAJOSA;
CARBONERO, 2005; BEWLEY et al., 2013), percentage of quiescent seeds was
also evaluated.

Quiescent seeds determination

After germination stabilization of all treatments, non-germinated seeds were
removed from the water stress environment and sown on paper towels moistened
with distilled water. The paper rolls were duly identified concerning the treatments of
the conditions as mentioned earlier submitted (from water stress) and placed in a
BOD type germinator at 30 °C and 65% of relative humidity with a 12-hour
photoperiod. Thus, the seeds that germinated after this process were considered
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quiescent once they were still viable. The percentage of quiescent seeds was

calculated from the following equation:

_ in
Q% = == x 100 (2)
Where, Zn= number of seeds removed from the stress condition and

germinated in a favorable condition. TNS= total number of seeds sown at the

beginning of the experiment.

Statistical analysis

The data were subjected to the test of normality and homogeneity of
variances. Once these were proven, the data were subjected to analysis of variance
at 5% significance, followed by regression study for germination, mean germination
time, germination speed index, and informational entropy.

The percentage of quiescent seeds data were submitted to the Kruskal-Wallis
non-parametric test and analyzed using box-plot graphs. The hydration curve
adjustments were based on the classic behavior of the studies by Bewley and Black
(1978). For this, the Fourier series was used. R-square, adjusted R-square and root
mean square error (RMSE) parameters were taken into account for choosing the
best-fit series. The Matlab software was used to adjust the models and the R

software for the other analyzes.
2.3 Results

The seeds' initial water content was 10% for Ormosia grossa and 6.6% for S.
parahyba var. amazonicum.

The seed hydration curve of Ormosia grossa and S. parahyba var.
amazonicum fitted the Fourier-Maia curve with two terms (Figure 1 and Figure 2,
respectively). Both hydration curve had goodness of fit (R? adjusted = 0.99 and
RMSE=1.03 for Ormosia grossa seeds; R? adjusted= 0.99 and RMSE=1.63 for S.
parahyba var. amazonicum seeds).

The Ormosia grossa seed hydration curve was described by the three-phase

model (Figure 1), with germination beginning at 180 hours and 50% germination 240



27

hours after soaking initiation. The duration of phase | of the seeds was longer than

that of phase II.

140 - y= a0 + al*cos(x*w) + b1* sin (x*w) + a2*cos(2*x*w) + b2*sin(2*x*w)
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Figure 1 - Hydration curve of Ormosia grossa seeds fitted to the Fourier-Maia model with two terms at
30°C and 65% relative humidity. Note: a0=84.04 (83.67, 84.2); al=-51.84 (-52.35, -51.32); b1=-11.12
(-12.19, -10.05); b2=-1.57 (-2.15, -1,2); w=0.017 (0.0174, 0.0179). Values in parentheses next to the
regression coefficients refer to the 95% confidence interval; RMSE = root mean square deviation;
transition phases I-ll (h) = 96; transition phases II-lll (h)= 180; phase duration | (h)= 96; phase duration
II(h)=84; phase duration Ill (h)=60; the weighing was carried out until the root protrusion of at least
50% of the seeds was observed in each repetition.

The seed hydration curve of S. parahyba var. amazonicum presented a
biphasic behavior (Figure 2), with germination beginning at 70 hours, reaching 50%
germination at 90 hours.

180 1 y=a0 + al*cos(x*w) + b1* sin (x*w) + a2*cos(2*x*w) + b2*sin(2*x*w)
Adjusted R-square:0.99

( ]
160 1 rvsE=1.63 /r\
140

e -
o N
S o
L L

[}
o
1

1/2 phase |
60 A

Water absorption (%)

40 -

20 1 Phase | Phase Il

0 T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100
Hydratation period (hours)

Figure 2 - Hydration curve of S. parahyba var. amazonicum seeds fitted to the Fourier-Maia model
with two terms. Note: a0= 71.33 (68.83, 78.82); al= -78.29 (-80.79, -75.79); b1= 9.01 (8,52, 10,01);
a2=12.22 (11.8,13.12); b2=7.95 (7.11, 8.35); w= 0.037 (0.032 - 0.042). Values in parentheses next to
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the regression coefficients refer to the 95% confidence interval; RMSE = root mean square deviation;
transition phases I-Il (h) = 70; phase duration | (h)= 70; phase duration Il (h)=10; the weighing was
carried out until the root protrusion of at least 50% of the seeds was observed in each repetition.

The seeds that were not submitted to discontinuous hydration cycles (HD
cycles) showed a significant reduction in germinative performance parameters under
stress conditions. Under these conditions, the seeds of O. grossa showed
germination of less than 33% from -0.2 MPa and seeds of S. parahyba var.
amazonicum less than 18% from -0.4 MPa (Figure 3A and 3B).

However, it was possible to notice a significant increase in tolerance to water
stress in both species through the use of HD cycles. In this sense, the seeds of O.
grossa submitted two HD cycles showed an average germination value eight times
higher than the other treatments at -0.6 MPa, guaranteeing 47%. In seeds of S.
parahyba var. amazonicum, two cycles of HD also guaranteed a significant value in
germination in the condition of water stress of -0.4 MPa, being equivalent to 78%.
The seeds of both species submitted to two HD cycles showed higher germination

values in all water stress levels (Figure 3A and 3B).
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Figure 3 - Germination of Ormosia grossa (A) and Schizolobium parahyba var. amazonicum (B) with 0,

1, and 2 cycles of discontinuous hydration subjected to water stress.

The use of two discontinuous hydration cycles also benefited the parameters
of speed and mean germination time (SGI and MGT) of Ormosia grossa seeds at
different stress levels (Figure 4 A and 4C). The seeds of this species submitted to
two HD cycles had an SGI 10 times higher (SGI ~ 0.74) than the other treatments
under water stress condition of -0.6 MPa (SGI ~ 0.07). At -0.8 MPa, lower MGT was
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observed in seeds submitted to two HD cycles (~ 15 days), whereas for seeds
submitted to one or no HD cycle, the MGT was greater than 17 days.

On the other hand, in seeds of S. parahyba var. amazonicum submitted to HD
cycles, the SGI was slower from -0.2 MPa (Figure 2B). However, it was possible to
notice that all seeds submitted to HD cycles presented low MGT (~ 4 days) in distilled
water conditions (0 MPA). In contrast, all other treatments submitted to some water

stress level showed a delay in the MGT of at least nine days (Figure 4 D).
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Figure 4 - Germination speed index and mean germination time of Ormosia grossa (A and C) and
Schizolobium parahyba var. amazonicum (B and D) with 0, 1, and 2 cycles of discontinuous hydration
subjected to water stress. Note: MGT = 0 means it refers to a null value since there was no

germination.

Regarding germination synchronization, taking into account only the favorable
germination condition (distilled water), it was possible to notice higher uniformity in
the seed samples that had been submitted 1 and 2 cycles of HD in both species
(Figure 5). The informational entropy value for Ormosia grossa seeds submitted to
two HD cycles was lower than the highest disorder value (2.5 bits) in all water stress

levels.
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The response of the informational entropy of the seeds of S. parahyba var.
amazonicum submitted to 1 and 2 cycles of HD showed more synchronization
concerning the control treatment in distilled water conditions. The seeds submitted to
2 cycles of HD showed greater uniformity in all stress conditions when compared to
seeds submitted to 1 cycle of HD (Figure 5B).
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Figure 5 — Germination entropy of seeds of Ormosia grossa (A) and Schizolobium parahyba var.

amazonicum (B) with 0, 1, and 2 cycles of discontinuous hydration subjected to water stress.

Regarding the percentage of seeds germinated after being removed from the
water stress environment (between -0.2 MPa and 0.8 MPa), it was possible to
conclude that many seeds were still viable. The seeds of Ormosia grossa subjected
to HD cycles showed a greater tendency to remain quiescent under more extreme
water stress conditions (<-0.6 MPa) than those not subjected to HD cycles. For
seeds of S. parahyba var. amazonicum, the more negative the osmotic potential, the
greater the tendency of stillness quiescent seeds, regardless of the HD cycle to
which they were submitted (Figure 5).
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Figure 6 - Percentage of quiescent seeds of Ormosia grossa and S. parahyba var. amazonicum with
different discontinuous hydration cycles subjected to water stress.

2.4 Discussion

R-square, adjusted R-square and root mean square error (RMSE) parameters
were taken into account for choosing the best-fit series. Thus, the Fourier Maia
model's equations with two terms can be considered adequate to predict the
absorption of water from the studied forest seeds.

Studies on water absorption kinetics highlight the importance of modeling the
grain and seed hydration curve (RESENDE; CORREA, 2007; PIMENTA et al., 2014;
DEMIRHAN; OZBEK, 2015; LISBOA et al., 2015; MIANO et al., 2016). However,
phase Il data (beginning of germination from a biological point of view), in general,
are not captured by standard and widely used models, such as the Peleg model
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(SILVA et al., 2018). Therefore, establishing a good adjustment model capable of
capturing all stages of the hydration process as found for seeds of Ormosia grossa
and S. parahyba var. amazonicum is essential for seed science and technology.
These results allow us to compare seed lots with different physiological potentials,
stored lots, analyze the hydration curve's behavior at different temperatures, and
evaluate physiological conditioning's viability from the respective complete soaking
curves (SILVA et al, 2018).

The study of seed hydration kinetics is key for developing pre-germination
techniques, for determining the absorption period in seeds treated with plant
regulators (ALBUQUERQUE et al.,, 2000). Besides, knowledge of the hydration
process helps identify some partial impermeability of the tegument or define ways to
overcome dormancy (SILVA et al., 2018).

The three-phase water hydration pattern observed in Ormosia grossa's seeds
is under the concept established by Bewley; Black (1994). A three-phase behavior
was also observed in seeds of Ormosia arborea (Vell) Harms and Ormosia
paraensis Ducke (CURIEL; MORAES, 2011; SILVA et al., 2014; SILVA et al., 2015;
SILVA et al., 2018).

It was observed that seeds submitted to two or more discontinuous hydration
cycles in 1/2 of phase | may present better germinative performance (LIMA;
MEIADO, 2017). This result may be related to the fact that the seeds reach other
points on the hydration curve but in phase Il after rehydration. In phase Il of the
hydration curve, physiological and biochemical changes already occur, influencing
the seeds' germinative performance (MARCOS-FILHO, 2005).

Seeds of the genus Ormosia may have an integument formed by four layers,
one of which is composed of hydrophobic substances that can restrict water entry in
the seeds through other parts, even after overcoming dormancy (SILVA et al., 2015).
In this sense, Hudson et al. (2015) and Silva et al. (2015) added that the palisade
layer's chemical composition, arrangement, and intercellular substances could
influence water absorption by the seed.

S. parahyba var. amazonicum seeds with a hydration biphasic pattern
presents an anatomical structure that can be easily broken through high
temperatures and humidity (SMYCHNIUK et al., 2020). Thus, in addition to the water
entry made by scarifying the seed, other openings may have arisen due to the
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experiment's conditions, promoting rapid water absorption by the seeds. The biphasic
behavior on the hydration curve is also characteristic of other forest species such as
Leucaena leucocephala (Lam.), Bowdichia virgilioides Kunth e Tabebuia aurea (Silva
Manso) Benth. & Hook.f ex S. Moore (SALOMAQ; FUJICHIMA, 2002; OLIVEIRA et
al., 2019). According to Santos et al. (2018), some species may have this behavior
because the radicle emission is not associated with the increase in biomass.

The use of two cycles of HD with a hydration and dehydration time of 18h also
favored the germination of Pityrocarpa moniliformis (Benth.) Luckow & R. W. Jobson
seeds in extreme water stress (-0.8 MPa) (NICOLAU et al., 2020). However,
similarly, the authors of this study observed a reduction in the germination speed of
Mimosa caesalpiniifolia Benth and P. moniliformis. In this sense, some species may
present different germinative behavior when subjected to stress (AZEREDO et al.,
2016; LIMA et al., 2018; NICOLAU et al., 2020). Under very negative osmotic
potentials, the seed's water absorption is affected, reducing germination and delaying
this process's speed.

Much of the discontinuous hydration studies are associated with species of
ecosystems in the Caatinga and Cerrado because they are characterized by dry
weather and high temperatures (RITO et al., 2009; LOPEZ-URRUTIA et al., 2014;
CONTRERAS-QUIROZ et al., 2016; LIMA; MEIADO 2017; SANTOS; MEIADO 2017;
LIMA et al., 2018; NICOLAU et al., 2020). However, there is no scientific proof that it
is an event that occurs only in species from these geographical sites. Besides, not all
species occurring in these environments have hydration memory, such as
Macropitilum atropurpureum (Sessé & Moc. ex DC.) Urb. (LIMA; OLIVEIRA;
MEIADO, 2018). Besides, some cultivated species also respond positively to
discontinuous hydration (ARAGAO et al., 1999; ARAGAO et al., 2000; MATIAS et al.,
2015). Thus, the result obtained in this research with Amazonian species can show
that the discontinuous hydration process can also be useful in seeds of species from
other ecosystems.

The positive effect of discontinuous hydration in S. parahyba var. amazonicum
and Ormosia grossa may be associated with the species’ microenvironment
characteristics, genetic changes, or the accumulation of LEAS proteins that stimulate
positive responses to stress in orthodox seeds (CHEN; ARORA, 2013; LOPEZ-
URRUTIA et al., 2014; COSTA et al., 2017; LIMA; MEIADO 2017; LIMA et al., 2018;
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KIJAK; RATAJCZAK, 2020). However, an investigation is necessary to prove the
hypotheses. It has already been found that the hydration memory of seeds may be
associated with environmental characteristics (LIMA; MEIADO, 2017).

Greater tolerance to the stress condition, better synchronization rates, and
shorter germination times were also observed in other species submitted to more
than one cycle of discontinuous hydration concerning the control treatment
(AZEREDO et al., 2016; CONTRERAS-QUIROZ et al., 2016; SARMENTO et al.,
2020). Prolonged hydration, especially under low water potentials, can significantly
influence the speed, synchrony, and germination percentage (PRISCO; GOMES-
FILHO, 2010; BEWLEY et al., 2013). This mechanism is related to the capacity that
the seeds have to maintain the biochemical and physiological changes that happen
during the soaking of the seeds promoted by the previous hydration (DUBROVSKY
1996, 1998; MEIADO, 2013).

Several models estimate prolonged drought periods, causing water stress in
many areas of the Amazon region (ARAGAO et al., 2018; BARKHORDARIAN et al.,
2019; SALES et al., 2020). Thus, understanding plants' tolerance to drought and how
to manage them can help in the recovery of areas with adverse conditions (SANTOS
et al., 2011).

A significant reduction in germination can be observed in several studies with
water stress in the most negative osmotic potentials. These stress conditions can
prevent seed germination and keep the seed as quiescent (BEWLEY et al., 2013). In
the germination process, stage Il is considered a latency phase with little water
absorption and is where the physiological transition from quiescence to germination
occurs (BEWLEY; BLACK, 1994).

According to the results of this study, it can be demonstrated that at least more
than 30% of all seeds subjected to the most severe stress conditions remain
guiescent. This condition is mainly because the primary factor for the beginning of
germination, water availability (BASKIN; BASKIN, 2014), presented some degree of
restriction due to the different water stress levels.

A notable property of some quiescent seeds is that they can survive in this
condition for years. Many quiescent seeds need only be hydrated for germination to

occur and subjected to ideal temperature and oxygen (BEWLEY et al., 2013).
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The tendency for a higher percentage of quiescent seeds in the most negative
osmotic potentials may be associated with the stress agent's characteristics, which,
due to its high viscosity, interferes with water availability and diffusion of oxygen in
the seeds (SOUSA et al., 2018). The more negative the osmotic potential, the greater
the time of phase II, and progressions the germination process's delay or impediment
(BEWLEY et al., 2013).

From an ecological point of view, the quiescence of seeds represents an
evolutionary advantage. It facilitates the dispersion and resumption of the embryonic
axis's growth in ideal environments (RAGHAVAN, 2000; VICENTE-CARBAJOSA,
CARBONERO, 2005).

The results of this research can be relevant to support reforestation techniques

in the Amazon region, such as direct sowing in unfavorable conditions.

2.5 Conclusions

Seeds of Ormosia grossa have a three-phase pattern in the hydration curve
and two-phase Schizolobium parahyba var. amazonicum seeds. Both hydration
curves fit the Fourier Maia curve with a series of two terms.

The germination of the two studied species is positively influenced by HD
cycles under stress conditions. Seeds of O. grossa and S. parahyba var.
amazonicum, when submitted to 2 cycles of HD, generally present better germination

performance and can remain quiescence when subjected to water stress conditions.
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3 Consideracdes finais

Sugere-se para pesquisas futuras:

1. Investigar a influéncia dos ciclos de hidratacdo descontinua na qualidade de
plantulas utilizando andlise computadorizada de imagens (SVIS®)

2. Analisar a composicdo quimica das sementes, bem como realizar analise
enzimatica.

3. Estudar a influéncia dos ciclos de hidratacdo descontinua em outras espécies
florestais pioneiras com sementes ortodoxas levando em consideragéo
diferentes ecossistemas, a exemplo de Tachigali myrmecophila e

Stryphnodendron adstringens.
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