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ABSTRACT

The influence of light and nutrients on the diffdrgermination phases &ryum argenteunspores was studied.
The following treatments were used: distilled waserd nutrient solution under light (12 h) and cowmibus
darkness. The spores germinated when exposedhn liglependent of both medium used. Under darkriees
spores swelled and became chlorophyllous. In tlesgmce of nutrient solution, the germination ocedrearlier
(after two days) when compared to the distilled evdafter more than three days). Nutrients weredegeto
complete the last germination phase in the majarftgpores and to provide the protonemal growth.
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INTRODUCTION the germ tube, and cellular division of protonema
(Valanee, 1966; Brandes, 1973; Mogensen, 1978;
Germination and establishment are the mor&lishida, 1978; Nehira, 1983; Schofield, 1985).
decisive stages of the life cycle of a plant (HarpeThe presence of water is a prerequisite for the
1977; Gomes et al., 2006: Socolowski et al.conversion of stored food reserves into glucose for
2008). External signals (e.g. light, temperaturethe production of ATP (Glime, 2007). Nutrients
and moisture) can interfere in these processesie important for the development of protonema
promoting or inhibiting the colonization of new of mosses (Nishida, 1978; Nehira, 1983; 1988;
sites by spores (bryophytes and ferns), seed3uckett et al., 2004), but the germination of
(seedplants) or vegetative diaspores (Schofielgpores, as a physical process, can occur in ntitrie
1985; Kigel and Galili 1995). In bryophytes thefree medium (e.g. distilled water) (Meyer, 1948;
dominant phase is haploid and after fertilizatian, Mogensen, 1978; Olesen and Mogensen, 1978).
sporophyte with short life span produces sporeg,ight may not be essential for the first phase of
which generally will produce new genetically germination (swelling), but it can be important for
diverse individuals (Schofield, 1985; Glime,the completion of the final phase (cellular diorsi
2007). Spore germination in most mosses of thef protonema) given that it is based on energy
Bryopsida class is initiated by the spore swellingprovided by the phytochrome activity and possibly
through water, followed by exospore ruptureby photosynthesis (Mohr, 1963; Wada and Kadota,
cellular distension accompanied by protrusion of989; Hartman and Weber, 1990). For instance,
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stored starch breaks down into sucrose in thRIATERIALS AND METHODS
presence of light (Glime, 2007), while this starch
is probably produced from the stored lipidsindividuals of B. argenteumwere collected in
(Monroe, 1968). _ October 2003 from different sporophytic
The main storage substance in mature sporggpulations on man-made substrates in border of
varies according to the species and can be relat@stest of the Municipal Ecologic Reserve of
to the species habitat (Schofield, 1985). It appeaBonito, Pernambuco, Brazil (Mata da Reserva
that the species with chlorophyllous spores (shogtcolégica Municipal de Bonito-PE; 08°30'S and
life storage, e.g. starch and protein) inhabi5043'W). The site is an Atlantic Forest remnant
generally mesic habitats, whereas those WwitBpproximately 750 m above sea level, with
achlorophyllous spores (long life storage, e.gaverage rainfall of 1,157 mm per year and a mean
lipid) are mainly found in xeric habitats (Lloyd et annual temperature of 21.5°C (Santiago et al.,
al., 1970; Glime, 2007). 2004). Samples containing mature, closed capsules
Many studies have been carried out on the effegfere used in the experiments. Sporophytes were
of abiotic factors on the spore germination ofseparated from the gametophytes and sterilized in
bryophytes (Meyer, 1848; Krupa, 1964; Mitra et] 50 sodium hypochlorite for two minutes and
al., 1965; Egunyomi, 1978; Mehta, 1988; Wiklundwashed in sterile distilled water (Duckett et, al
and Rydln, 2004), but few have identified WhICh2004) Spores from approximate|y 40 Capsu]es
phases of germination are affected by these factofgere homogenized and distributed among the
(Valanne, 1966; Monroe, 1968; Mogensen 1978)o|lowing treatments: distilled water and nutrient
In order to find out what spore germination phasego|ution under light and continuous darkness.
are influenced by an abiotic factor, it is impottan Three replicates were used per treatment.
to understand how the germination and thehe Erlenmeyer flasks (100 mL) containing 25 mL
subsequent establishment of bryophyte species adgstilled water or nutrient solution [MgSO 7H,0
controlled. Therefore, a weed species was choséno mg I; KNO; 120 mg L% Ca(NQ), . 4H,0
as a model to investigate the influence of lighd an1440 mg [*: KH,PO, 250 mg [* iron solution 1
nutrients on the different germination phases ef thm (NaEDTA 33,2 g ' NaOH 3,65 g i
spores. FeSQ . 7TH,O 25 g L] (Dyer, 1979), plus
Bryum argenteuntiedw. (Bryaceae) is a common fungicide nistatine (100 U mt) were used. All
moss, which has numerous spores per capsule. dfe flasks were covered with gauze and plastic
addition, its spores are yellow and have many ofilm to avoid the medium’'s evaporation and
droplets B. argenteunts a cosmopolitan moss that contamination. To eliminate the previous
generally colonizes rocks, soil, and man-madeontamination, glassware, nutrient solution and
substrates of open habitats, forming populationgistilled water were autoclaved at 120 °C for 20
that persist for a few years (Ochi, 1980; Miles anghinutes.
Longton, 1992). Two questions were investigatedrhe flasks were incubated under a 12 h
(1) Was light needed for the last phase Ophotoperiod and continuous darkness (using three
germination — protrusion of the germ tube angjack plastic bags) at 25+1°C and light intensity o
subsequent cellular division of the protonema? (23pproximately 2@mol m? s*.
Were nutrients dispensable for the germinatiospore counting was carried out daily under an
and the first days of protonemal growth? optical microscope and the spores were classified
It was hypothesized that the spores Bf in the following categories: achlorophyllous
argenteumneeded light to germinate, given that(unswollen), chlorophyllous (swollen), ruptured
this species is commonly found in open andxospore, and germinated (protrusion of germ
perturbed sites. On the other hand, they did n@tibe, or protonema with one or more cells) (Fig.
require nutrients for the germination and earlyl). Two sub-samples were daily taken from each
protonema growth, because they were rich in ojleplicate and mounted on the slide and cover slip.
droplets (lipid storage). Sub-samples of the spores were taken from the
surface of the solution. One hundred spores were
randomly examined in each slide.
The germination values were expressed as a
percentage in the text and transformed in ArcSin
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V(%/100) for statistical analysis. Mean exposed to light, regardless of the medium used
germination time was calculated according to th¢Fig. 2). However, all the spores kept in
equation =Y (tn)/ >n , wheret was time in days continuous darkness were swollen and
from day 0, anch was the number of spores thatchlorophyllous, indicating that oil droplets were
started germination from day(Labouriau, 1983). probably broken in another storage product. Many
The Mann-Whitney testa(= 0.05) was used for spores kept in darkness over 14 days germinated
the comparison of the germination percentage arafter exposure to light (ca. 90 to 100% in all
mean germination time between the treatmentseplicates).
Analyses were carried out using the statisticalransition from the unswollen spores to the
software Bioestat 3.0 (Ayres et al., 2003). subsequent phases occurred gradually under the
light. In the nutrient solution, the rupture of
exospore and germination occurred earlier (rupture
RESULTS after one day and germination after two days) in
comparison to the distilled water (rupture after

The spores ofB. argenteumwere positively three days and germination after more than three
photoblastic, i.e. they only germinated wherdays) (Fig. 2 and 3A and C).

Figure 1 - Phases of spores from dispersal to germinatiomingwollen spore, 2. swollen spore, 3.
ruptured exospore, 4a. protrusion of germ tube dhdprotonema.
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Figure 2 - Percentage of spores in different phaseBrgfim argenteurafter fourteen days in distilled
water and nutrient solution at 12 h photoperiod 368 C. Symbols indicate daily means
from three replicates.
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The spores germinated in distilled water hadnutrients: 98.3 % + 1.50 and water: 15.5 % *
stabilized in the “germ tube” phase by thd'tdy 4.84; Z = 2.88, p = 0.004), whereas the mean
with many cells collapsed, while the spores kept igermination time of spores cultured in water was
the nutrient solution produced protonemata witthigher than in nutrient solution, indicating a dela
about ten cells during this same period (Fig. 3Bn the germination under this treatment
and D). In the nutrient solution, the final (water:11.98 days * 1.31 and nutrient: 9.15 days *
germination percentage was higher than in watdd.61; Z = 2.80, p = 0.005).

Figure 3 - Spore germination of Bryum argenteum cultured stiiéd water (A = 3 d, B = 14 d) and
nutrient solution (C =3 d, D = 14 d), at 12 h piperiod and 25° C. od. oil droplet, ch.
chloroplast, re. ruptured exospore, gt. germ tutte@m one-celled protonema. Scar bar = 10
pm.

DISCUSSION was observed in the mosdesnaria hygrometrica
Hedw. (Krupa, 1964; Monroe, 1968} eratodon

Spores of B. argenteum required light to purpureus (Hedw.) Brid. (Valanee, 1966),
germinate, given that in darkness there was onkpctoblepharum albiduriedw. (Eguniomy, 1978)
swelling, while in light, all the germination phase and Physcomitrella patengHedw.) Bruch and
occurred. Nutrients were needed to complete th&chimp. (Schaefer and Zryd, 2Q0Cove et al.,
last germination phase in the majority of spore2006). In bryophytes, responses such as spore
and to provide the protonemal growth. In water, germination, tip growth and cell division are
few spores reached the “protrusion of germ tubephytochrome-dependent (Wada and Kadota, 1989;
phase. The absence of germinating spore8.of Suetsugu and Wada, 2007). Glime (2007)
argenteumunder darkness, although with swellinghypothesized three potential metabolic pathways
spores, seemed to be related to the requirement fior energy supply during spore germination: 1)
a light signal probably mediated by phytochromestimulation of phytochromewhich initiated the
(Cove and Lamparter, 1998; Cove et al., 2006), egpnversion of starch in sugapreceding the
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production of chlorophyll, possibly under thegermination and help in the detection of favorable
control of the gibberellic acid; 2) conversion ofmicro-sites with low competition. These controls
fatty acids in sugar, providing energy for thecan comprise nutrients, pH, photoperiod and
production of chlorophyll; 3) green sporeexogenous substances (Grime et al., 1981; Holzel
photosynthesis in the presence of light. Spores @ind Otte, 2004; Glime, 2007). For instance, the
B. argenteunare not chlorophyllous but they haveweed moss species-unaria hygrometrica is

oil droplets, and they possibly initiate theknown to show better spore germination and
germination using one or more of the pathwaygrotonemal growth on soil from burned areas,
(maybe 1 and 2) proposed by Glime (2007). which are phosphate-nitrate enriched (Hoffman,
Spores of most bryophytes have chlorophyll and966; Esposito et al, 1999).

oil spherules when mature (Schofield, 1985)Nitrate is the major naturally occurring inorganic
Species with green spores are much more frequesiil component that stimulates seed and fern spore
than the species having spores with reducegermination (Hilhorst and Karssen, 1992). For
chloroplast structure, and, thus also a reducedstance, nitrate-dependent seeds are light-
green color. Reductions in chloroplast structureequiring, and this positive interaction betweea th
and quantity of chlorophyll may indicate alight and nitrate is the principal limitation to
decrease in the physiological activity of the sporegermination. This interactive effect of light and
(Mogensen, 1983). The chloroplasts observed initrate on germination has been demonstrated in
the spores oB. argenteumwhen cultured under many weed species (Hilhorst and Karssen, 1992).
absolute darkness were possibly produced fromhis mechanism makes it possible that (non-
the storages, or, less probably, they were alreadiprmant) seeds will only germinate when the
present in the dry spore but hidden below theombination of phytochrome-red and nitrate levels
exospore. are adequate. An explanation for the sensing
Spores of bryophytes cultured in darkness on amechanism is the ability of seeds to detect local
organic medium (e.g. sucrose addition) were abldisturbances of light and nitrate levels in the
to reach germination because sucrose substitutgdmediate environment (Pons, 1992).

the energy provided by light (Valanee, 1966]t could be possible that the spores Bt
Monroe, 1968). This signifies that any growthargenteum, after dispersal, even when found
following swelling will necessarily require energy optimal moisture and light, could not complete the
(Glime, 2007), i.e. all the phases after the swelli germination due to nutrient requirements
of the spore need light or another energy source §srobably nitrate). However, this question would
sucrose. be best exploited using more bryophyte species
Furthermore, although bryophytes are consideredith spores bearing or non-chlorophyll, as models,
shade plants because they have a lighb test the actual influence of nutrient sourceshsu
compensation point and ratio of chlorophyll (a/b)as nitrate, ammonium and phosphate on spore
smaller than the angiosperms (Rastorfer, 197@ermination. On the other hand, it could be
Marschall and Proctor, 2004B. argenteums a possible that the limitations of light and nutrgent
moss with colonist characteristics, colonizing opemn the spore germination and the growth of the
and exposed environments, such as brightly linitial protonema oB. argenteunmight guarantee
habitats (Miles and Longton, 1992). Blocking thethe establishment of new populations only on
germination process untili  minimum light substrates free from other plants and rich in these
conditions are offered, is an important strategy foresources.

the success of the establishment. This insures that

spores will not germinate under soil or elsewhere
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RESUMO Egunyomi, A. (1978), Comparative culture studies on
the spores and gemmae Ottoblepharum albidum

Neste estudo procuramos avaliar a importancia deHSed:‘J)"s Journal of Hattori Botanical Laboratory44,
fatores ablot_lcos sobre a germinagéo de eSporosEsposito, A.; Mazzoleni, S. and Strumia S. (1999),
0 desepvoIVImento do protpnema Qe MUSgos. Par‘r’\Dost—Fire Bryophyte Dynamics in Mediterranean.
isso, nés anqllsamos o efeito Qa disponibilidade deVegetation.JournaI of Vegetation Scienct0, 261-
luz e nutrientes sobre diferentes fases daogg.

germinacéo de esporos de um musgo amplamertime, J.M. (2007),Bryophyte Ecology Volume 1.
distribuido. Bryum argenteum geralmente  Physiological Ecology. Ebook sponsored by
apresenta muitos esporos por capsula, e estes sadichigan Technological University and the
amarelos devido a presenca de muitos Corpuscmognternatlonal Association of Bryologists. Accedse
lipidicos. Foram usados os tratamentos: &gua©n Mar 2008 at <http://www.bryoecol.mtu.edu/>.
destilada e solucdo nutritiva sob luz (12 h) &°mes, G.S.; Randi, A.M.; Puchalski, A.; Santos.D.
escuro continuo. Os  esporos mostraram-seand Reis, M.S. (2006), Variability in the germioasti

- o . of spores among and within natural populationsef t
fotoblasticos  positivos, ou seja, apenas

. . > endangered tree ferbicksonia sellowiana Hook.
germinaram sob luz, independentemente do MeIO(xaxim). Brazilian Archives of Biology and

utilizado. Sob escuro 0s esporos apenasTechnology9:1-10.

embeberam, tornando-se clorofiladosGrime, J. P.; Mason, G.; Curtis, A.V. ; Rodman, J.;
provavelmente a partir da quebra de reservas. EmBand, S. R.; Mowforth, M. A.G.; Neal, A.M. and
solugcdo nutritiva a germinagcdo ocorreu mais Shaw, S. (1981), A comparative study of germination
rapidamente (dois dias) em relagdo a &aguacharacteristics in a local flordournal of Ecology
destilada (mais de trés dias apés cultivo). No 69 1017-1059. _ _

entanto, 0s nutrientes foram necessarios paf#fPer. J.L. (1977),Population biology of plants

- . ~ . ._London and New York, Academic Press.
completar a ultima fase da germinacéo da maiorig. - E and Weber. M (1990). Photomodulation o
dos esporos. - At |

protonema development. IBryophyte development:

Physioloy and Biochemistryeds. R.N. Chopra and

S.C. Bhatla. Flérida, CRC. Press, pp. 33-54.
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