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ABSTRACT 
 
The aim of the present work was to study the water potential and viability of Eugenia based upon different levels of 
drying. The seeds showed high water content at shedding and were sensitive to desiccation; however, the level of 
this sensitivity (water content) varied among the species. Five target drying levels were defined according to the 
critical levels of hydration. Results showed that water potential seemed to be more reliable than water content. It 
was hypothesize that the differences in desiccation tolerance, as well as recalcitrance, among the seeds of different 
species could be related to the maturity level of these seeds during shedding from the mother plant. Consequently, 
this could be a result of the evolution on how far the maturation process could represent an advantage for the 
species propagation. This could also mean that Eugenia seeds were dispersed at a maturity stage similar to that 
observed in immature orthodox seeds. 
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INTRODUCTION 
 
The ability to dry without dying found in a few 
animals, plants and microbes allows them to 
survive during extended periods and, specifically 
expressed in the seeds, allows them to be stored 
and distributed widely (Alpert 2005). By removing 
the water from the seeds and decreasing the 
environmental temperature seed aging rates can be 
slowed down; these procedures are also important 
to control the fungal proliferation. However, 
drying is only possible for desiccation tolerant 
seeds, which are known as orthodox seeds 
(Roberts 1973). The seeds with relatively high 
lethal limits to desiccation (i.e. recalcitrant seeds) 
must be maintained at high water content, and 

consequently at temperatures above 0°C. Such 
conditions often allow the seeds to maintain a high 
metabolism rate, therefore making their 
conservation difficult. Even though there are 
definitions of desiccation tolerance (Alpert and 
Oliver 2002; Berjak 2006), desiccation sensitivity 
is not an all-or-nothing situation. Instead, there are 
different levels among the species or even in the 
same species, depending on the environmental 
conditions in which the seeds are developed 
(Berjak and Pammenter 1994; Walters 2000; Daws 
et al. 2004). 
Desiccation tolerance is often described based on 
the water content values, meaning the amount or 
proportion of seed water content. More recently, 
researchers have described this desiccation 
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tolerance in terms of water potential (Sun and 
Liang 2001; Sun 2002; Villela et al. 2003; Daws et 
al. 2006), or water activity (Sun 2002; Faria et al. 
2004), which could better describe the status of the 
water and, probably, the real desiccation tolerance 
of the seeds.  
According to Walters et al. (2005), fully hydrated 
seeds (Ψ ≥ ~ -1MPa) could grow. Stress responses 
which could be detected at hydration levels lower 
than -1MPa were initially the expression of stress-
related proteins and nucleic acid repair pathways 
 (-1 to ~ -3MPa) followed by the rampant 
production of free radicals and loss of membrane 
integrity (-5 to ~ -12MPa). At water potentials 
below about -15MPa, cells would be in the dry 
state. As embryos of orthodox seeds mature, they 
acquire tolerance to progressively lessened water 
potentials in discrete steps, coinciding with 
discrete patterns of gene expression. Therefore, 
five critical moisture levels have been identified at 
-1.8, -5, -12, -50 and -180 MPa, suggesting that 
desiccation tolerance could be not quantitative per 
se, but rather represents a series of mechanisms 
designed to meet the discrete challenges (Walters 
2000). 
Tropical rain forests are considered to have 
comparatively more species with desiccation-
sensitive seeds than other regions due to the high 
water availability throughout most of the year 
(Barbedo and Bilia 1998). In this case, the high 
water content of desiccation sensitive seeds, which 
allows rapid germination, may also reduce the 
duration of seed exposure to predation and for 
large-seeded species could increase the resource-
use efficiency (Pritchard et al. 2004; Daws et al. 
2005). However, conservation of these species in 
seed banks is quite difficult and the alternative 
methods used to guarantee biodiversity are often 
expensive (Barbedo and Marcos Filho 1998).  
Eugenia (Myrtaceae) is an important genus in 
Brazil comprising species occurring in almost all 
parts of the country and ecosystems, including the 
Brazilian Atlantic forest (Salgueiro et al. 2004), 
which is one of the world’s 25 biodiversity 
hotspots for conservation priorities (Myers et al. 
2000). Several species of this genus are 
ornamental and besides their ecological use, they 
could be included as urban trees and for economic 
or pharmacological aims (Delgado and Barbedo 
2007). For example, xanthine oxidase inhibitory 
activity and antifungal agents used in the treatment 
of dermatophyte infections were found in E. 
uniflora (Schmeda-Hirschmann et al. 1987; Souza 

et al. 2002).  
Despite their importance, data on the seed 
behavior of these species are scarce and not 
conclusive. Silva et al. (1993), for example, 
suggested that the diaspores of Eugenia 
involucrata should be submitted to shade drying 
techniques after the fruit has been pulped, but 
Barbedo et al. (1998) observed that only non-
dehydrated diaspores maintained their viability 
after a 120-day storage. As a matter of fact, 
lowering water content has proved to be 
deleterious for a range of recalcitrant seeds, 
declining their storage lifespan at this 'sub-
imbibed' condition (Berjak and Pammenter 2008 
and references therein). 
Seeds of many Brazilian tropical tree species in 
the genus Eugenia (Myrtaceae) show high water 
content at shedding and have been considered to 
be sensitive to desiccation. However, among 
Eugenia seeds, there are different desiccation 
sensitivity levels based on the water content, as 
reported by different authors (Barbedo et al. 1998; 
Anjos and Ferraz 1999; Andrade and Ferreira 
2000; Andrade et al. 2003; Delgado and Barbedo 
2007; Masetto et al. 2008). 
Delgado and Barbedo (2007), for example, 
identified three different levels of critical water 
content (described as fresh mass basis) for the 
seeds of six species of Eugenia, from 65 (the most 
sensitive seeds) to 45% (the least sensitive seeds). 
However, there is little information on the 
desiccation tolerance for the seeds of Eugenia in 
terms of water potential, making it difficult to 
understand the metabolic events occurring at 
different levels of water activity, as described by 
Vertucci and Farrant (1995) and Walters et al. 
(2005). In the present work, we describe the 
relationship between the water potential and 
viability for the seeds of six Brazilian species of 
Eugenia (E. brasiliensis Lam., E. cerasiflora Miq., 
E. involucrata DC., E. pyriformis Camb., E. 
umbelliflora Berg. and E. uniflora L.) after 
different levels of drying. 
 
 
MATERIAL AND METHODS  
 
Plant material  
Ripe fruits were collected directly from at least 
four trees of each species at the beginning of 
natural fruit dispersion. The fruits of Eugenia 
brasiliensis Lam. and E. involucrata DC. were 
obtained from Mogi-Guaçu (22°15-16' S, 47°8-12' 
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W; Cwa, according to Köppen climate 
classification), those of E. uniflora L., E. 
pyriformis Camb. and E. cerasiflora Miq. in São 
Paulo (23°27-38' S, 46°36-37' W; Cwb) and of E. 
umbelliflora Berg in Cananéia (25°05' S, 47°55' 
W; Af). The seeds were then removed from the 
fruits manually, bulked and those visually 
damaged by insects or fungi were discarded. Seeds 
were then sampled for analysis of water content, 
water potential and germination ability. The 
remaining seeds were stored in the polyethylene 
bags at 8°C (as these seeds were not chilling 
sensitive, according to Barbedo et al. 1998 and 
Maluf et al. 2003) for not longer than five days.  
 
Analysis of water content, water potential and 
germinability  
The seeds were analyzed for the water content 
(WC), water potential (Ψ) and germination. WC (g 
H2O/ g dry mass, g g-1) was determined by drying 
at 103°C for 17 h (Ista 1985) using five seeds for 
each replicate. Embryo (Ψe) and seed coat (Ψc) 
water potential (MPa) were measured using a WP4 
dew point potentiameter (Decagon Devices, 
Pullman, USA) operating in a temperature-
controlled room (24±2°C), with five seed coats or 
embryos in each replication. Germination tests 
were carried out in germinators MA400 (Marconi, 
Piracicaba, Brazil) at 25±1ºC and constant 
fluorescent light, with 100% RH given by a flux of 
water in the back wall. Seeds were placed in the 
germination paper rolls (10 seeds per roll) and 
then evaluated every 15 days scoring germinated 
seeds (minimum 5mm radicle emergence) and the 
normal seedling development (based on 
descriptions of a normal seedling reported by 
Delgado and Barbedo 2007). 
 
Germination ability at different water contents 
and water potentials 
Five target drying levels were defined based on the 
WC (1.0, 0.7, 0.4, 0.3 and <0.3 g g-1), which 
should correspond approximately to five levels of 
hydration described by Vertucci and Farrant 
(1995). Seeds were submitted to both intermittent 
and continuous drying methods. Intermittent 
drying consisted of placing the seeds in an oven 
with a constant flux of air at 40±1°C for 8 h, 
following a 16 h rest period (25±5°C). This 
procedure was repeated until the last drying level 
was achieved. Continuous drying consisted of 
maintaining the seeds in a sealed chamber 
containing silica gel (25±2°C). Both, the water 

potential and germination ability were analyzed 
based upon the samples of each species seeds, 
each drying method and each drying level.  
 
Statistical analysis  
All the experiments were carried out as a 
completely randomized design with four 
replicates, in a 2 x 5 factorial design (drying 
method x desiccation level). Results were 
submitted to F-test at the 5% level (Santana and 
Ranal 2004). Seedling development as well as the 
relationship between the water potential and 
germination rates were also analyzed by using the 
Probit analysis and the Ψ, in which 10% of normal 
seedling development was lost (LPS10, considered 
to be the beginning of vigor loss), the Ψ in which 
50% viability was lost (LP50) and Ψ in which 90% 
viability was lost (LP90, considered to be the lethal 
Ψ for the seed lot) were estimated. 
 
 
RESULTS AND DISCUSSION 
 
The results showed no differences in Ψ, 
germination or seedling development between the 
continuous or intermittent drying method. 
Therefore, the values were reported as the average 
of both the methods for each drying level. 
However, the drying time was different for each 
drying method, faster in the oven-intermittent (ca. 
0.0026 g g-1 h-1) compared to silica gel-continuous 
(ca. 0.0008 g g-1 h-1). Recalcitrant seeds can 
survive at lower WC if they are dried rapidly 
(Pammenter et al. 2002). The present study 
showed that such differences probably did not 
occur because the drying, for both the methods, 
took place within the days instead of hours as 
described by Pammenter et al. (2002).  
Almost all WC target values were achieved, but 
some levels were not obtained for all the species 
(Table 1). Interestingly, within the same WC, 
embryos of different species showed high 
variation on Ψ. For example, at 0.7 g g-1, Ψe varied 
from -2.5MPa (hydration level IV described by 
Vertucci and Farrant 1995, in which the water 
state would be a concentrated solution), for 
Eugenia umbelliflora, to -12.6MPa (hydration 
level II or III, in which the water state would be 
either glass/hydrophobic or hydrophilic), for 
Eugenia pyriformis. This could explain the 
differences between the desiccation tolerance 
behaviors as for the WC of Eugenia species 
described by Delgado and Barbedo (2007), i.e., 
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higher in E. umbelliflora than in E. pyriformis. 
According to Sun (2002), the response of plant 
tissues to desiccation is related to the 
thermodynamic and kinetic status of tissue water, 
rather than to actual WC. At the same WC, 
embryos of E. pyriformis retained water more 
strongly than E. umbelliflora, i.e., in a 
physiologically drier pattern. 
Interestingly, there was no relation between Ψe and 

Ψc (Fig. 1). Considering that most of the values 
were higher for Ψe than for Ψc and there was also a 
putatively hygroscopic equilibrium between these 
tissues, one could consider some active process for 
maintaining a minimum hydration level of the 
embryo. Furthermore, this difference in Ψ could be 
seen as a strategy to reduce the risk of embryo 
death by desiccation. 

 
Table 1 - Water content achieved (WCa, in g.g-1) and water potential (ψ, in MPa) according to water content 
expected (WCe, in g.g-1). Seed treatments were carried out for six species of Eugenia after different drying periods, 
as well as an additional treatment consisted of drying seeds to values below 0.3 g.g-1 (<-30MPa).  
Species of  WCe: 1.0  WCe: 0.7  WCe: 0.4  WCe: 0.3 
Eugenia WCa ψ  WCa ψ  WCa ψ  WCa ψ 
E. uniflora 1.1 -3.6  0.7 -6.3  0.4 -43.2  0.3 -45.6 
E. brasiliensis 1.0 -4.5  0.7 -7.9  0.4 -14.1  0.3 -20.7 
E. involucrata 1.0 -6.7  0.7 -9.5  - -  0.3 -42.5 
E. pyriformis 0.9 -10.6  0.7 -12.6  - -  0.3 -21.9 
E. umbelliflora - -  0.7 -2.5  0.4 -11.3  - - 
E. cerasiflora 1.1 -2.6  - -  - -  0.3 -29.9 

 

 
 

Figure 1 - Relationship between embryo water potential and seed coat water potential for seeds of 
six species of Eugenia (E .uniflora, E. brasiliensis, E. involucrata, E. pyriformis, E. 
umbelliflora, E. cerasiflora) at different drying levels. 

 
 
As described by Pammenter and Berjak (2000), 
some temperate species could avoid this risk by 
shedding their recalcitrant seeds during the fall and 
winter and, in this case, low temperatures and low 
vapor pressure deficit would slow the water loss. 
For Eugenia species aimed at the present work, 
they probably developed their own mechanisms to 
prevent the water loss by spreading their seeds 
either in spring or summer, i.e., throughout the 
hottest seasons.  

The hydration level at which Eugenia seeds began 
to lose vigor (LPS10) depended on the species (Fig. 
2). Therefore, for E. cerasiflora and E. 
umbelliflora, it started as early as Ψe reached, 
respectively, -0.02 and -1.23MPa (hydration level 
V, Walters et al. 2002), whereas in the other 
species, this occurred at -2 to -4MPa (hydration 
level IV). 
This could mean a significant change, for example, 
on the state of the water (solution for the level V, 
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syrup for IV) and on mechanical strains (at level V 
cells are under positive turgor pressure, at level IV 
they can shrink, Walters et al. 2002 and references 
therein). As germination ability was not affected 
even for E. cerasiflora and E. umbelliflora, one 
could consider that, at this level of drying, seeds 
underwent desiccation-related damages in 
different tissues. On the other hand, seeds of all 

Eugenia species showed LP50 within the same 
level of hydration (level III, -5 to approximately  
-12MPa). A wider range of Ψe among species was 
observed for the limits of desiccation tolerance 
(LP10) which varied from -19.6MPa (E. 
brasiliensis, level of hydration III) to -82.14MPa 
(E. cerasiflora, level II). 

 

 
 

Figure 2 - Germination (x) and normal seedling development (∆) according to water potential for 
seeds of six species of Eugenia after different periods of drying. A. E. uniflora; B. E. 
brasiliensis; C. E. involucrata; D. E. pyriformis; E. E. umbelliflora; F. E. cerasiflora. 
Dotted lines represent, from the left to the right, LPS10, LP50 and LP90. 

 

 

When seeds were grouped under five targeted 
WCs, the hydration level in which seeds began to 
lose viability varied widely among species (Fig. 
3). Thus, for E. uniflora it started as early as WC 
changed from 1.0 to 0.7 g g-1, which would 
correspond to reaching the hydration level IV, 
whereas for E. brasiliensis, E. involucrata and E. 
pyriformis this occurred only when WC was 
reduced to 0.4 g g-1 (hydration level III). 
Conversely, the beginning of seed viability loss 
occurred when Ψe changed from -5/-10MPa 
(hydration level IV) to -10/-20MPa (level III), as 
shown in Fig. 4. According to Walters et al. 

(2002), embryos that were recalcitrant could not 
be dried below -10 to -15 MPa. However, Fig. 4 
showed that the viability was not lost at -20MPa 
for most of the species, i.e. when cells were in the 
dry state (Walters et al. 2005). 
Studies on seed desiccation tolerance based upon 
Ψ have been developed (Pritchard 1991; Farrant 
and Walters 1998; Eira et al. 1999; Sun and Liang 
2001; Daws et al. 2006), but much less than those 
based upon the WC. However, Ψ should better 
indicate the status of the water than the WC 
(Vertucci and Farrant 1995; Villela and Marcos 
Filho 1998; Sun 2002). 
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Figure 3 - Germination and normal seedling development of six species of Eugenia (from the left 
to the right: E. uniflora, E. brasiliensis, E. involucrata, E. pyriformis, E. umbelliflora 
and E. cerasiflora) according to water content of the embryo. 

 
 

 
 

 

Figure 4 - Germination and normal seedling development of six species of Eugenia (from the left 
to the right: E. uniflora, E. brasiliensis, E. involucrata, E. pyriformis, E. umbelliflora 
and E. cerasiflora) according to water potential of the embryo. 

 
 
The results obtained in the present work 
corroborated that idea, demonstrating that Ψ of the 
seeds of Eugenia described the beginning of the 
viability loss, standardizing the behavior of 
different species. Also, the lethal Ψ suggested the 
vulnerability of these seeds to a natural drying 
after the dispersion. Results obtained herewith also 
corroborated that Ψ seemed to be more reliable 
than WC. It was also important to notice that the 
seeds of Eugenia species appeared to be more 
tolerant to desiccation than most of recalcitrant 
seeds described in the literature which did not 
tolerate the water loss as negative as -15 MPa. The 
relation between the water potential and hydration 
levels depends on the maturity of the seeds 
(Vertucci and Farrant 1995; Walters et al. 2005). 
Therefore, the differences in desiccation tolerance 
among the seeds of different species might be 
related to the maturity level of these seeds in 
which shedding occurs.  

An interesting relation between the seed maturity 
and desiccation tolerance was described by Daws 
et al. (2004, 2006), based on the heat sum from the 
beginning of seed formation up to its dispersion, 
concluding that identifying the maximum level of 
desiccation tolerance for a particular species could 
be troublesome. They found different desiccation 
tolerance levels for the seeds of the same species, 
but from different latitudes. Therefore, the 
different desiccation tolerance levels shown by the 
seeds could be merely the differences in maturity 
at shedding. According to Black et al. (2002), gene 
expression in developing seeds can be modified by 
water status, therefore, this effect could participate 
in the establishment of desiccation tolerance. On 
the other hand, it is assumed that recalcitrance 
should be a continuum, not an all-or-nothing 
situation (Berjak and Pammenter 1994). Therefore, 
desiccation tolerance levels and consequently 
recalcitrance might be given by differences in 
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evolutionary advantage for the species propagation 
in terms of maturation process. 
According to Barbedo and Bilia (1998), 
recalcitrant seeds were probably selected in a 
habitat that permitted seedling development 
throughout the year. Seed drying in such 
environment would be another limiting factor for 
the germination: additional water dependence. 
Seeds which did not germinate immediately 
probably did not succeed either due to the 
competition with other species or as air-dry seeds 
stored in bare soil, causing deterioration or 
germination under poor and shady conditions. 
Such unfavourable conditions could play as 
inhibitors to germination during seed maturation. 
During maturation, ABA levels increase, the 
highest concentrations in mid-development (Black 
et al. 2002), but recalcitrant seeds could be 
dispersed prior to ABA levels could reach a 
minimum level to prevent the germination. Thus, 
some seeds could even germinate before shedding 
(vivipary), as described for Inga sp. (Bilia and 
Barbedo 1997; Farnsworth 2000; Bonjovani and 
Barbedo 2008). The water potential values 
obtained for Eugenia dispersed seeds coincided 
with immature orthodox seeds.  
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