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ABSTRACT

The role of the substrate on germinationGfiaspora albidaSchenck & Smith was investigated. Spores
were desinfested with 0.5% sodium hypochlorite (20 min.) and placed on Petri dishes over a Millipore filter,
with one of the following media: a- 1% water-agar; b- water-agar + aqueous extract of rBatsanim
miliaceumL.; c- salt medium of Murashige & Skoog (MS) or sterilized sand; and incubated in the dark at room
temperature (28°C * 2). The experimental design was at random with four treatments and four replicates.
Germination was evaluated every 7 days until tHed2. The water-agar medium was the most feasible for
spore germination at thé& day, followed by the MS medium at theé"ldhy. Conversely, the sand and the root
extract medium did not allow high germination. Spores maintained in water-agar also presented longer germ
tubes than spores in the other treatments. Auxiliary cells were observed at the beginning of formation of
hyphal branching in all treatments, however they were more numerous in the water-agar medium.

Key words: water-agar, MS medium, root extract, GlomaRanicum miliaceum.

INTRODUCTION nutrients extracted from soil. Paetaal. (28) observed that the
rates of germination and mycelial growth of AMF increased
Arbuscular mycorrhizal fungi (AMF) are associated wit0% and 200%, respectively, when the water-agar medium was
plant roots and enhance host growth through increased nutrisopplemented with plant cells. The greatest increase was
uptake. The life cycle of these fungi is initiated by germinatioobserved with the addition of cells Bfieraria phaseoloides
of spores which, isolated or in sporocarps, are formed in tBenth. to the medium. Improvement of germination of two
soil or sometimes inside the roots (36). GigasporaspeciesG. roseaNicolson & Schenck ané.
Spores are the most important propagules for most AMF addcipiengHall & Abbott was obtained when spores were placed
the impact these organisms produce on their hosts will depandlifferent concentrations of cellulase frdnchoderma reesei
on the ability for fast spore germination and colonization (38).E. G. Simmons and other fungi (30). Aminoacids may inhibit,
Spore germination may be affected by many factors, suabtivate, or have no effect on mycelial growthGi§aspora
as: the need for a dormancy period (32), root exudates andfigzantea(Nicol. & Gerd.) Gerd. & Trappe pre-germinated in
volatiles; soil moisture, temperature, pH, light and.€3) 10, water-agar, depending on the concentration in which they are
13, 35); flavonoids (3, 12); as well as by presence of bacteria (@yailable in the medium (9). Root membrane permeability under
but is independent of the presence of a susceptible host. Whkem phosphorus nutrition, lead to net loss of metabolites at
Daniels and Graham (6) supplied a 0.75% water-agar medilggels enough to sustain germination and growth of AMF during
with a soil extract (200 g soil/L), they observed an increase jime and post infection (14).
the germination rate @lomus mossegdlicol. & Gerd.) Gerd. High level of germination in non sterilized soil was reported,
& Trappe spores and mentioned that this resulted from th&hough autoclaved, pasteurized or gamma-irradiated soils
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may inhibit the process (7). Germination is also affected lautoclaved sand (medium D). Each Petri dish and box was

temperature: the ideal temperature for germination a@bnsidered as a replicate, with a total of four replicates per

Acaulospora laevisserd. & Trappe was 20°C, whilst themedia. Both, Petri dishes and trays with spores were incubated

optimal for hyphal growth was 15 to 25°C (39). However, highén the dark at room temperature (28°C * 2).

germination and hyphal elongation of an isolate of this species Evaluations were made every 7 days for 28 days. The hypha

in temperatures that varied from 30 to 35°C was also obserweere stained with drops of 0.05% aqueous Trypan blue and

(24). germination was observed at 40x using a stereomicroscope.
Another important factor for germination of AMF is the pHSpores which produced germ tubes longer than their diameter

(15). Spores oA. laevismaintained a few weeks at 6°C, weravere considered to have germinated (2). Germinated spores were

exposed to different pH levels, and germination was higher @xpressed as percentage of the total number of evaluated

low pH. In addition, only 3% of spores germinated in wateispores. Hyphal length was estimated using the gridline intersect

agar, while the rate of germination of spores incubated betwesaethod (25).

filter membrane in soil was higher than 70%. The experimental design was a complete factorial of 4
Many factors such as moisture, aeration, light conditionseatments x 4 evaluations periods, each with 4 replicates. Data

microbial activity, and nutrient toxicity affect the abundanceexpressed as percentage were arcsin transformed before

viability, and infectivity of propagules, and therefore directhanalyses of variance. The Statistica 5.0 program (37) was used

affect the storage potential of the spores (5, 22, 35). AMF isolatied statistical analysis.

from temperate environments should be maintained in

temperatures from 4 to 10°C to break dormancy and enhance RESULTS AND DISCUSSION

germination of spores, whereas those from tropical regions

should be stored in environments between 20 to 25°C. SomeGermination of thisG. albida isolate was affected by

species, such aSigaspora albidaSchenck & Smith may substrate. Spores on water agar and MS medium presented

produce multiple germ tub@svitro (20) which were related to the highest germination percentages, which were significantly

strategies for fungal survival (18). greater than those in sand and water-agar with root extract
Considering that information regarding AMF sporgTable 1).

germination is stillincomplete and that this part of the life cycle Root exudates of Troyer citrangBdncirus trifoliata x

is essential for species preservation, the objective of thiStrus sinensiy and Sudangrass positively influenced

research was to evaluate the effect of different substrates g#tmination and germ tube length and branchin@loimus

germination of spores @. albida epigaeumDaniels and Trappe (13). Hyphal growth @f
margarita Becker & Hall was stimulated by cell exudates or
MATERIALS AND METHODS extracts oPueraria phaseoloidesut was inhibited under high

concentration of these substances (27). The results here

Spores 06. albida(INVAM 927), grown in pot culture with  obtained were different; only 33% of the spores germinated in
bahiagrassRaspalum notatunirlugge) as host plant, werethe root extract medium. Extract Asparagusroots did not
extracted from soil by wet sieving and sucrose centrifugatiefifect germination of some AMF (7). Although these root extracts
(11, 17). Healthy spores were washed with distilled watefre from mycorrhizal susceptible hosts (21), other factors are
immersed in 0.5% sodium hypochlorite (NaOCI) for 2 min., angiyolved on AMF germination and colonization.
then washed four times in sterilized distilled water (26).

The following substrates were used: A — 1% water agar

(Bacto agar); B. MS salts - Sigma (23), supplemented with Or2pje 1. Germination of spores and length of germ tubes of
ml/L of claforan (sodic cephotaxima) and 1% agar; C — aquedtfyaspora albidain: a - water-agar 1%, b - medium with MS
root extract oPanicum miliaceunh. (50 g of macerated roots salts, ¢ - water-agar 1% pl@&anicum miliaceumoot extract,
plus 100 ml of distilled water) with 1% agar and 0.2 ml/L of;;,4 4 - sand (28 days of incubation).

previously autoclaved claforan; D — sand, sterilized in a
microwave oven (8) and placed in covered 46 X 15 X 6.7 CM  Substrate ~ Germination (%) -cnghtof germ

Nalgene sterilizing trays (Fisher Scientific, Inc., Orlando. tube (mm)*
Florida). Media A and B were autoclaved at 121°C, 1 atm., foWater-agar 1% 100 a 59.62 a
20 min. MS 70 a 43.32 ab
Five spores were transferred to Millipore filters (GelmanSand 40b 39.00 b
Sciences Inc., Ann Arbor, Michigan), and placed on 9 cm Petffo0t extract 225b 51.56 ab

dishes containing media A, B, and C. Spores were also pla¢gdlean number of germinated spores. Media followed by the
between two Millipore filters and transferred to trays witlsame letter do not differ by the Tukey test at 0.05.
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Growth of G. albidain different substrates

Differences in spore germination of AMF due to agar quality The higher rate of germination in the MS medium was
were reported: among some types, the Bacto agar allowed higbletained after 14 days of incubation. Higher germination and
(83%) germination (6). The authors concluded that germinationicelial growth ofG. gigantea, G. margaritandScutellospora
increased according to the increase of agar purity. When usheierogamavas observed when the MS medium was 10x diluted
Bacto agar we obtained 88% of germination, what indicate th@9). They concluded that high germination was due to decrease
it might be favorable to different AMF species. in nutrient concentration. Excess of mineral salts in the media

Germination ofS. albidaincreased over time, depending omrmay inhibit germination (36). However, this was not observed
the substrate. In water agar, spores reached 100% of germinahiere, even using the recommended amount of salts in the MS
at the T day. It was reported that the highest germinatiomedium.
percentage oGlomus mosseaa 0.75% water agar occurred ~ Addition of a small amount of phosphorus to the agar
on the 26 day (6). In soil and MS medium, the highest level afnedium may enhance germination and growth of germ tube
germination was registered at the" iy, while spores in root (35). The results here obtained are in agreement with this
extract had a progressive increase of germination over time lobiservation, once that the MS medium contained potassium
reached only 40% of germination up to th& @&y of incubation phosphate (170 mgi. Concentration up to 500 mg:lof P
(Fig. 1). In this case, itis possible that the germination had begi,PQ,) did not inhibit germination of some AMF spores (18).
related to some inhibitory substance present in the root extraégnversely, decrease in germination of spore§Slkoimus
which became inactive with time. Siqueehal. (34) referred mossea&vas observed when P was added to the medium (31).
inhibition of germination when organic substances were addeda similar way, it was reported that in pasteurized §ail,
to the medium. etunicatunspore germination decreased with increasing P levels

More than one germ tube may be produced duringp to 60 mg.t(40).
germination of spores db. albidain water agar medium The highest rate of germination in sand was obtained at
supplied with thiamine (20). However, the same was ndlie 14" day, with almost 65% of the spores germinated.
observed here. Thus, multiple emission of germ tubes mblpwever, rate of germination higher than 70% in spords of
result from addition of thiamine or other stimulatory substandaevis placedbetween filter membranes in soil was observed
to the medium. Siqueirat al. (34) mentioned that this (15). Disinfestation of the sand through microwave may have
substance is part of root exudates. It should also be consideirpaired germination once that the soil microbiota was eliminated
that emission of many germ tubes may be stimulated iy, 16) and some studies have shown that germination may
substrate conditions, genetic information of the spore, amépend upon a microbial stimulus in non sterile soil (6).
by physical pressure (35). Emission of more than one germ Auxiliary cells were formed in all substrates, mainly after
tube in Gigasporaspecies may also be due, among othenitiation of the branching process in the first hyphae. These
factors, to formation of a germ wall and to the high amount structures were more frequently formed in the water agar medium
nuclei near the wall (4). (Fig. 2). Formation of auxiliary cells are not dependent of the

growth medium but are supposely related with the intrinsic
capacity of the spores (33).
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Figure 1. Percentage of germination of sporesGifaspora i
albida after 7, 14, 21, and 28 days of incubation in: a - wate.

agar 1%, b - medium with MS salts, ¢ - water-agar 1% pldsgure 2. Auxiliary cells of Gigaspora albidaformed after

Panicum miliaceumoot extract, and d — sand. hyphal branching. Bar = 100 pm.
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Evaluation of the germ tube length over number of germinatedtaliacéo feita a cada sete dias até completar 28 dias. O meio
spores showed that these parameters are not related; thadgsr &gua 1% foi 0 mais propicio para germinacéo (100%) apds
higher rate of germination does not imply formation of longesete dias, seguido pelo meio MS, aos 14 dias. Ao contrério, 0
germ tubes and the opposite is also true. This was observedadto e o meio com extrato de raiz proporcionaram baixo indice
studies (2) witlG. albida(GABD 185) ands. gigantea(GGGT  de germinacgao. Os esporos mantidos em agar agua também
109). After germination, AMF have an energy-saving mechanisapresentaram maior crescimento do tubo germinativo, em relacéo
which allows long-term infectivity of mycelium even in absencaos demais tratamentos. Células auxiliares caracteristicas do
of the host (19) and this would probably depend on spore sg@nero foram observadas no inicio das ramificagdes hifalicas,
(2). Spores maintained in water agar and in the root extrach todos os tratamentos, sendo mais numerosas no tratamento
medium presented greater germ tube lengths than those in 88 agar agua 1%.
or sand; however, only the treatment in water agar and MS
differed significantly (Table 1). Palavras-chave:agar-agua, extrato de raiz, meio MS, Glomales,

Difficulties in following hyphal growth outside the Millipore Panicum miliaceum
filters impaired the evaluation of the effect of time over germ
tube length. The lower hyphal length obtained in this work, REFERENCES
when compared with other values (3), might be due to the
amount of CQand flavonols used by the other authors. These Azcon, R. Selective interaction between free-living rhizosphere
factors were not studied in this experiment. On the other hand, E?‘féﬁ;‘; 2??5;’:92'3?;_'&4‘3}“1"5239'ar mycorrhizal furgpil Biol.
the values here obtained were higher than those registered 1 a@gartolome-Esteban, H.: Schenck, N.C. Spore germination and hyphal
previous investigation (2) where germ tubes formedsby growth of arbuscular mycorrhizal fungi in relation to soil aluminum
f’ilblda' .m SO”’. "‘fe“? shorter than 50 mm, after 21 (_:iays f. Eaétlcjgfttjl,ogl.\;ﬂylgg:%gsléI38.6D(.2;)bfzelfflrz,zlg.yE.lgEgzénsive in vitro hyphal
incubation. This indicates that several factors determine germ growth of vesicular- arbuscular mycorrhizal fungi in the presence of
tube growth, even of a same AMF species. CO; and flavonols Appl. Environ. Microbiol, 58: 821-825, 1992.

Considering that the effect of the substrate on germinatién Bianciotto, V.; Bonfante, P. Quantification of the nuclear DNA

. L content of two arbuscular mycorrhizal fundilycol. Res 96(12):
and germ tube growth was confirmed, it might be recommended 1471-1076, 199s.
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