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ABSTRACT

The aim of the present work was to study the wadéential and viability oEugeniabased upon different levels of
drying. The seeds showed high water content atdshgdand were sensitive to desiccation; howeves,lével of
this sensitivity (water content) varied among tpedes. Five target drying levels were defined adiog to the
critical levels of hydration. Results showed thatev potential seemed to be more reliable than watatent. It
was hypothesize that the differences in desiccatiamance, as well as recalcitrance, among thedsesf different
species could be related to the maturity leveheke seeds during shedding from the mother plamsé&uently,
this could be a result of the evolution on how tta@ maturation process could represent an advanfagehe
species propagation. This could also mean thageniaseeds were dispersed at a maturity stage simdathat
observed in immature orthodox seeds.

Key words: desiccation tolerance; drying; seed water retetioecalcitrance

INTRODUCTION consequently at temperatures above 0°C. Such
conditions often allow the seeds to maintain a high
The ability to dry without dying found in a few metabolism rate, therefore making their
animals, plants and microbes allows them tgonservation difficult. Even though there are
survive during extended periods and, specificallgeéfinitions of desiccation tolerance (Alpert and
expressed in the seeds, allows them to be stor€ldiver 2002; Berjak 2006), desiccation sensitivity
and distributed widely (Alpert 2005). By removingis not an all-or-nothing situation. Instead, thare
the water from the seeds and decreasing trdfferent levels among the species or even in the
environmental temperature seed aging rates can bame species, depending on the environmental
slowed down; these procedures are also importapenditions in which the seeds are developed
to control the fungal proliferation. However, (Berjak and Pammenter 1994; Walters 2000; Daws
drying is only possible for desiccation tolerantet al. 2004).
seeds, which are known as orthodox seed3desiccation tolerance is often described based on
(Roberts 1973). The seeds with relatively higithe water content values, meaning the amount or
lethal limits to desiccationi.¢. recalcitrant seeds) proportion of seed water content. More recently,
must be maintained at high water content, antesearchers have described this desiccation
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tolerance in terms of water potential (Sun anckt al. 2002).

Liang 2001; Sun 2002; Villela et al. 2003; Daws eDespite their importance, data on the seed
al. 2006), or water activitySun 2002; Faria et al. behavior of these species are scarce and not
2004), which could better describe the status ®f thconclusive. Silva et al. (1993), for example,
water and, probably, the real desiccation tolerancguggested that the diaspores dEugenia

of the seeds. involucrata should be submitted to shade drying
According to Walters et al. (2005), fully hydratedtechniques after the fruit has been pulped, but
seeds'¥ > ~ -1MPa) could grow. Stress response8arbedo et al. (1998) observed that only non-
which could be detected at hydration levels lowedehydrated diaspores maintained their viability
than -1MPa were initially the expression of stressafter a 120-day storage. As a matter of fact,
related proteins and nucleic acid repair pathway®wering water content has proved to be
(-1 to ~ -3MPa) followed by the rampantdeleterious for a range of recalcitrant seeds,
production of free radicals and loss of membrandeclining their storage lifespan at this 'sub-
integrity (-5 to ~ -12MPa). At water potentialsimbibed' condition (Berjak and Pammenter 2008
below about -15MPa, cells would be in the dryand references therein).

state. As embryos of orthodox seeds mature, theeeds of many Brazilian tropical tree species in
acquire tolerance to progressively lessened waténe genusEugenia(Myrtaceae) show high water
potentials in discrete steps, coinciding withcontent at shedding and have been considered to
discrete patterns of gene expression. Thereforbe sensitive to desiccation. However, among
five critical moisture levels have been identifedd Eugenia seeds, there are different desiccation
-1.8, -5, -12, -50 and -180 MPa, suggesting thatensitivity levels based on the water content, as
desiccation tolerance could be not quantitative paeported by different authors (Barbedo et al. 1998;
se, but rather represents a series of mechanisgjos and Ferraz 1999; Andrade and Ferreira
designed to meet the discrete challenges (Walte2900; Andrade et al. 2003; Delgado and Barbedo
2000). 2007; Masetto et al. 2008).

Tropical rain forests are considered to havdelgado and Barbedo (2007), for example,
comparatively more species with desiccationidentified three different levels of critical water
sensitive seeds than other regions due to the higlontent (described as fresh mass basis) for the
water availability throughout most of the yearseeds of six species Bligenia from 65 (the most
(Barbedo and Bilia 1998). In this case, the higlsensitive seeds) to 45% (the least sensitive seeds)
water content of desiccation sensitive seeds, whidHowever, there is little information on the
allows rapid germination, may also reduce thelesiccation tolerance for the seedskEonigeniain
duration of seed exposure to predation and faerms of water potential, making it difficult to
large-seeded species could increase the resourcsderstand the metabolic events occurring at
use efficiency (Pritchard et al. 2004; Daws et aldifferent levels of water activity, as described by
2005). However, conservation of these species Mertucci and Farrant (1995) and Walters et al.
seed banks is quite difficult and the alternativg2005). In the present work, we describe the
methods used to guarantee biodiversity are ofterelationship between the water potential and
expensive (Barbedo and Marcos Filho 1998). viability for the seeds of six Brazilian species of
Eugenia (Myrtaceae) is an important genus inEugenia(E. brasiliensisLtam.,E. cerasifloraMiq.,
Brazil comprising species occurring in almost allE. involucrata DC., E. pyriformis Camb., E.
parts of the country and ecosystems, including thembelliflora Berg. and E. uniflora L.) after
Brazilian Atlantic forest (Salgueiro et al. 2004),different levels of drying.

which is one of the world’'s 25 biodiversity

hotspots for conservation priorities (Myers et al

2000). Several species of this genus ar&MATERIAL AND METHODS

ornamental and besides their ecological use, they

could be included as urban trees and for economilant material

or pharmacological aims (Delgado and Barbed®ipe fruits were collected directly from at least
2007). For example, xanthine oxidase inhibitoryfour trees of each species at the beginning of
activity and antifungal agents used in the treatmematural fruit dispersion. The fruits oEugenia

of dermatophyte infections were found . brasiliensis Lam. andE. involucrata DC. were
uniflora (Schmeda-Hirschmann et al. 1987; Souzabtained from Mogi-Guacu (22°15-16' S, 47°8-12'
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W; Cwa, according to Koppen climate potential and germination ability were analyzed
classification), those ofE. uniflora L., E. based upon the samples of each species seeds,
pyriformis Camb. ancE. cerasifloraMiq. in S8o each drying method and each drying level.
Paulo (23°27-38' S, 46°36-37' W; Cwb) andeof
umbelliflora Berg in Cananéia (25°05' S, 47°55'Statistical analysis
W; Af). The seeds were then removed from the\ll the experiments were carried out as a
fruits manually, bulked and those visuallycompletely randomized design with four
damaged by insects or fungi were discarded. Seet=plicates, in a 2 x 5 factorial design (drying
were then sampled for analysis of water contentnethod x desiccation level). Results were
water potential and germination ability. Thesubmitted to F-test at the 5% level (Santana and
remaining seeds were stored in the polyethylenRanal 2004). Seedling development as well as the
bags at 8°C (as these seeds were not chillinglationship between the water potential and
sensitive, according to Barbedo et al. 1998 andermination rates were also analyzed by using the
Maluf et al. 2003) for not longer than five days.  Probit analysis and th#, in which 10% of normal
seedling development was lost (LB onsidered
Analysis of water content, water potential and to be the beginning of vigor loss), thein which
germinability 50% viability was lost (L) and¥ in which 90%
The seeds were analyzed for the water contemtability was lost (LR, considered to be the lethal
(WC), water potential¥) and germination. WC (g ¥ for the seed lot) were estimated.
H,O/ g dry mass, g'f was determined by drying
at 103°C for 17 h (Ista 1985) using five seeds for
each replicate. Embryo¥() and seed coat¥t) RESULTS AND DISCUSSION
water potential (MPa) were measured using a WP4
dew point potentiameter (Decagon DevicesThe results showed no differences i,
Pullman, USA) operating in a temperature-germination or seedling development between the
controlled room (24+2°C), with five seed coats orcontinuous or intermittent drying method.
embryos in each replication. Germination testJherefore, the values were reported as the average
were carried out in germinators MA400 (Marconi,of both the methods for each drying level.
Piracicaba, Brazil) at 25+1°C and constanHowever, the drying time was different for each
fluorescent light, with 100% RH given by a flux of drying method, faster in the oven-intermitteca.(
water in the back wall. Seeds were placed in the.0026 g g h™") compared to silica gel-continuous
germination paper rolls (10 seeds per roll) angca. 0.0008 g § h?). Recalcitrant seeds can
then evaluated every 15 days scoring germinateslirvive at lower WC if they are dried rapidly
seeds (minimum 5mm radicle emergence) and th@ammenter et al. 2002). The present study
normal seedling development (based omshowed that such differences probably did not
descriptions of a normal seedling reported byccur because the drying, for both the methods,
Delgado and Barbedo 2007). took place within the days instead of hours as
described by Pammenter et al. (2002).
Germination ability at different water contents Almost all WC target values were achieved, but
and water potentials some levels were not obtained for all the species
Five target drying levels were defined based on thgTable 1). Interestingly, within the same WC,
WC (1.0, 0.7, 0.4, 0.3 and <0.3 g")g which embryos of different species showed high
should correspond approximately to five levels ofariation on¥. For example, at 0.7 g'g¥. varied
hydration described by Vertucci and Farranfrom -2.5MPa (hydration level IV described by
(1995). Seeds were submitted to both intermitten¥ertucci and Farrant 1995, in which the water
and continuous drying methods. Intermittentstate would be a concentrated solution), for
drying consisted of placing the seeds in an oveRugenia umbelliflora, to -12.6MPa (hydration
with a constant flux of air at 40+1°C for 8 h, level Il or I, in which the water state would be
following a 16 h rest period (25+5°C). This either glass/hydrophobic or hydrophilic), for
procedure was repeated until the last drying levatugenia pyriformis This could explain the
was achieved. Continuous drying consisted ofiifferences between the desiccation tolerance
maintaining the seeds in a sealed chambdsehaviors as for the WC oEugenia species
containing silica gel (25+2°C). Both, the waterdescribed by Delgado and Barbedo (2007), i.e.,
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higher inE. umbelliflorathan inE. pyriformis Y. (Fig. 1). Considering that most of the values
According to Sun (2002), the response of plantvere higher foi¥, than for?. and there was also a
tissues to desiccation is related to theutatively hygroscopic equilibrium between these
thermodynamic and kinetic status of tissue watetjssues, one could consider some active process for
rather than to actual WC. At the same WCpmaintaining a minimum hydration level of the
embryos of E. pyriformis retained water more embryo. Furthermore, this difference¥ncould be
strongly than E. umbelliflorg i.e., in a seen as a strategy to reduce the risk of embryo
physiologically drier pattern. death by desiccation.

Interestingly, there was no relation betw&é&rand

Table 1 - Water content achieved (WCa, in g)gand water potentialy( in MPa) according to water content
expected (WCe, in g1J. Seed treatments were carried out for six spexfi€ugeniaafter different drying periods,
as well as an additional treatment consisted dhdrgeeds to values below 0.3 §(g-30MPa).

Species of WCe: 1.0 WCe: 0.7 WCe: 0.4 WCe: 0.3
Eugenia WCa 1 WCa ] WCa ] WCa 1

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

Embryo waterpotential(MPa)

-60 -80
g X
<
= X
= XX
E X
= X
E
_;-100 B >< X X
“ 20 L%

Figure 1 - Relationship between embryo water potential ard $®at water potential for seeds of
six species oEugenia(E .uniflora E. brasiliensis E. involucrata E. pyriformis E.
umbelliflora, E. cerasiflorg at different drying levels.

As described by Pammenter and Berjak (2000)The hydration level at whicBugeniaseeds began
some temperate species could avoid this risk b lose vigor (LPg&) depended on the species (Fig.
shedding their recalcitrant seeds during the fadl a 2). Therefore, for E. cerasiflora and E.
winter and, in this case, low temperatures and lowmbelliflora, it started as early a¥. reached,
vapor pressure deficit would slow the water losstespectively, -0.02 and -1.23MPa (hydration level
For Eugeniaspecies aimed at the present worky, Walters et al. 2002), whereas inthe other
they probably developed their own mechanisms tepecies, this occurred at -2 to -4MPa (hydration
prevent the water loss by spreading their seedsvel IV).

either in spring or summer, i.e., throughout thel'his could mean a significant change, for example,
hottest seasons on the state of the water (solution for the level V
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syrup for IV) and on mechanical strains (at level VEugenia species showed L within the same
cells are under positive turgor pressure, at |&el level of hydration (level lll, -5 to approximately
they can shrink, Walters et al. 2002 and reference&2MPa). A wider range df, among species was
therein). As germination ability was not affectedobserved for the limits of desiccation tolerance
even forE. cerasifloraand E. umbellifiorg one (LPyg) which varied from -19.6MPa E(
could consider that, at this level of drying, seed$rasiliensis level of hydration 1ll) to -82.14MPa
underwent  desiccation-related damages IKE. cerasifloralevel II).

different tissues. On the other hand, seeds of all
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Figure 2 - Germination (x) and normal seedling developniantaccording to water potential for
seeds of six species Bligeniaafter different periods of drying. A&. uniflorag B. E.
brasiliensis C. E. involucrata D. E. pyriformis E. E. umbellifiorg F. E. cerasiflora
Dotted lines represent, from the left to the ridiRS,,, LPsgand LR,

When seeds were grouped under five targeteg@002), embryos that were recalcitrant could not
W(Cs, the hydration level in which seeds began tbe dried below -10 to -15 MPa. However, Fig. 4
lose viability varied widely among species (Fig.showed that the viability was not lost at -20MPa
3). Thus, forE. uniflorait started as early as WC for most of the speciege. when cells were in the
changed from 1.0 to 0.7 g™*g which would dry state (Walters et al. 2005).

correspond to reaching the hydration level IV Studies on seed desiccation tolerance based upon
whereas folE. brasiliensisE. involucrataandE. ¥ have been developed (Pritchard 1991; Farrant
pyriformis this occurred only when WC was and Walters 1998; Eira et al. 1999; Sun and Liang
reduced to 0.4 g Yy (hydration level 1lI). 2001; Daws et al. 2006), but much less than those
Conversely, the beginning of seed viability lossased upon the WC. HoweveF, should better
occurred whenY¥, changed from -5/-10MPa indicate the status of the water than the WC
(hydration level 1V) to -10/-20MPa (level lll), as (Vertucci and Farrant 1995; Villela and Marcos
shown in Fig. 4. According to Walters et al.Filho 1998; Sun 2002).
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Figure 3 - Germination and normal seedling development ofpecies oEugenia(from the left
to the right:E. uniflora, E. brasiliensis E. involucrata E. pyriformis E. umbelliflora
andE. cerasiflorg according to water content of the embryo.
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Figure 4 - Germination and normal seedling development ofpiecies oEugenia(from the left
to the rightE. uniflora E. brasiliensisE. involucrata E. pyriformis E. umbelliflora
andE. cerasiflorg according to water potential of the embryo.

The results obtained in the present workAn interesting relation between the seed maturity
corroborated that idea, demonstrating tHadf the and desiccation tolerance was described by Daws
seeds ofEugeniadescribed the beginning of the et al. (2004, 2006), based on the heat sum from the
viability loss, standardizing the behavior ofbeginning of seed formation up to its dispersion,
different species. Also, the leth#l suggested the concluding that identifying the maximum level of
vulnerability of these seeds to a natural dryinglesiccation tolerance for a particular speciescoul
after the dispersion. Results obtained herewith alde troublesome. They found different desiccation
corroborated that? seemed to be more reliabletolerance levels for the seeds of the same species,
than WC. It was also important to notice that thdut from different latitudes. Therefore, the
seeds ofEugenia species appeared to be moredifferent desiccation tolerance levels shown by the
tolerant to desiccation than most of recalcitranseeds could be merely the differences in maturity
seeds described in the literature which did noat shedding. According to Black et al. (2002), gene
tolerate the water loss as negative as -15 MPa. Tlgpression in developing seeds can be modified by
relation between the water potential and hydratiowater status, therefore, this effect could par&tp
levels depends on the maturity of the seeds the establishment of desiccation tolerance. On
(Vertucci and Farrant 1995; Walters et al. 2005)the other hand, it is assumed that recalcitrance
Therefore, the differences in desiccation tolerancghould be a continuum, not an all-or-nothing
among the seeds of different species might bsituation (Berjak and Pammenter 1994). Therefore,
related to the maturity level of these seeds idesiccation tolerance levels and consequently
which shedding occurs. recalcitrance might be given by differences in
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evolutionary advantage for the species propagatiofpert P, Oliver MJ. Drying without dying. In: Blac

in terms of maturation process. M, Pritchard HW, editors. Desiccation and survival

According to Barbedo and Bilia (1998), plants: drying without dying. Wallingford/ New
recalcitrant seeds were probably selected in aYOork: CAB International; 2002. p.3-43.

habitat that permitted seedling developmenﬁndradi A.Cls’ Qur;hagi, Sourz]al AF, Ffe's RB, AI][ne|d3
throughout the year. Seed drying in such KL. Physiological and morphological aspects of see

. 2 viability of a neotropical savannah treEugenia
environment would be another limiting factor for dysentericaDC. Seed Sci Tecnd?003; 31: 125-137.
the germination: additional water dependenceandrade RNB, Ferreira AG. Germinagdo e

Seeds which did not germinate immediately armazenamento de sementes de uvdagénia

probably did not succeed either due to the pyriformis Camb.) - MyrtaceaeRev Bras Sementes
competition with other species or as air-dry seeds 2000; 22: 118-125.

stored in bare soil, causing deterioration oAnjos AMG, Ferraz IDK. Morfologia, germinacéo e
germination under poor and shady conditions. t€or de agua das sementes de aracaiBogenia

Such unfavourable conditions could play as stipitata ssp.sororia). Acta Amaz1999; 29: 337-348.

C g o : . _Barbedo CJ, Bilia DAC. Evolution of research on
mh'bltors to germlnatlon during Se_ed maturation. recalcitrant seedssci Agric 1998; 55(special); 121-
During maturation, ABA levels increase, the

highest concentrations in mid-development (Blackgrhedo cJ, Marcos-Filho J. Tolerancia & dessecagéo
et al. 2002), but recalcitrant seeds could be ge sementedcta Bot Bras1998: 12: 145-164.
dispersed prior to ABA levels could reach aBarbedo CJ, Kohama S, Maluf AM, Bilia DAC.
minimum level to prevent the germination. Thus, Germinagdo e armazenamento de diasporos de
some seeds could even germinate before sheddingerejeira Eugenia involucrataDC. - Myrtaceae) em
(vivipary), as described fomga sp. (Bilia and funcéo do teor de aguBev Bras Sementek998; 20:
Barbedo 1997; Farnsworth 2000; Bonjovani and 184-188. = , ,
Barbedo 2008). The water potential value$enak P. Unifying perspectives of some mechanisms
obtained for Eugenia dispersed seeds coincided basic to desiccation tolerance across life forgeed

ith t thod d Sci Res2006; 16: 1-15.
with immature orthodox Seeds. Berjak P, Pammenter NW. Recalcitrance is not an all

or-nothing situationSeed Sci Re4994; 4: 263-264.
Berjak P, Pammenter NW. FroAvicenniato Zizania
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