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ABSTRACT
Communities of P-solubilizing bacteria, fungi and arbuscular mycorrhizal fungi, were evaluated in two dif-
ferent ecosystems. Samplings taken from two areas of Atlantic forest, in Paraty — RJ, Brazil, one with a
secondary forest and the other with a grass pasture were studied. Four growth media: GL (glucose and yeast
extract), GES (glucose, soil extract, KNOCaCb, MgSQy, NaCl, FeEDTA and micronutrients solution),
GAGES (glucose, soil extract, arabinose, glycerol, Ga®lgSO, and NaCl) and GELP (glucose, soil ex-
tract, yeast extract, peptone, CaCMgS0O, and NaCl) were evaluated for the isolation of P-solubilizing
microorganisms. The identification of P-solubilizing bacteria was based on 16 S rDNA sequence analysis,
while the identification of P-solubilizing fungi and arbuscular mycorrhizal fungi was based on morphology.
The greatest number of P-solubilizing bacteria was isolated using GL and GELP growth media. The greatest
number of P-solubilizing fungi was isolated using GAGES and GES. The bacteria were identified as En-
terobacteriaceae arihcillus sp., while the P-solubilizing fungi were identified Aspergillus sp. Glomus
macrocar pum andGlomus etunicatumwere the dominant mycorrhizal fungi in the secondary forest and grass
pasture area, respectively.

Key words. phosphate, Enterobacteriaceae, Atlantic Forest, Glomeromycota, soil microorganisms.

INTRODUCTION the arbuscular mycorrhizal fungi (AMF).

S . . . . According to Silva Filho and Vidor (2000), the
Soil microbiota develops important functions in o o ) ] )
application of P-solubilizing microorganisms as in-

ecosystems, since it influences growth, mineral nu-

trition and plant health. Phosphorus is normally theOC.UIa or the maTnagemﬁent of their po;IJuIa.t!ons n
I . . . . soil are alternatives to improve P availability for
most limiting nutrient in tropical soils and of the

most important groups of the soil microbial com- plants. These microorganisms have the ability to

. o . . solubilize and mineralize P from inorganic and or-
munity are the P-solubilizing microorganisms and ) ) ; )
ganic pools of total soil P, making the element avail-

*Part of the thesis of the first author. able for plants. Gyaneshwar et al. (2002) suggested
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184 EDSON L. SOUCHIE ET AL.

soils and could play an important role in supplying crop production and probably, plant succession on
P to plants in a more environmentally and sustain+eclamation areas. Although potential clearly exists
able manner. According to Silva Filho (unpublished for developing solubilizers and AMF such inocu-
data), the community of P-solubilizing microorgan- lants, their widespread application remains limited
isms in soils is around foand 10 CFU (Colony-  mainly by a poor understanding of microbial ecol-
Forming Units) g of soil, depending of the area ogy and population dynamics in soil. Therefore, it
and the method of evaluation used. is interesting to quantify these organisms in soils for
AMF improve the absorption of P and other nu- their possible use as combined inocula, in order to
trients by plants increasing the contact surface andbtain the maximum benefit to the development of
the explored soil volume (Clark and Zeto 2000) andplants. The aim of this study was to isolate and iden-
possibly facilitating nutrient transport among plantstify P-solubilizing bacteria, fungi and AMF species
(Chen et al. 2005). Moreover, plants colonized byin two reclamation areas of the Atlantic Forest, in
AMF have alternative mechanisms to meet their nu-Paraty, Brazil, one of a secondary forest and other of
tritional demands and to maintain their physiologi- a grass pasture. The ability to isolate P-solubilizing
cal functions under abiotic stress conditions, such asicroorganisms was also compared using different
drought stress (Ruiz-Lozano et al. 2001) and salingrowth media.
ity (Azcén and El-Atrash 1997). According to Van
Der Heijden et al. (2003) the composition of AMF
communities determines how plant species coexist
and to which plant species nutrients are allocated, afSoil microorganisms were isolated from two areas
fecting the plant succession, as suggested by Jan@sound a conservation unit of Atlantic Forest
(1980). The AMF inoculation influence the com- (National Park of Serra da Bocaina), one with a
petitive relations between tree pioneer species, desecondary forest (SF) in a former banana crop area
creasing or increasing the competition, according taand the other a grass pasture (GP) in Paraty, south-
P availability in soils (Flores-Aylas etal. 2003). The ern Rio de Janeiro State, Brazil. The climate in
reduction of AMF infection under field conditions this region is AW type with mean precipitation of
can decrease plant diversity affecting the secondarg75 and 198 mm and temperature of 2% and
succession process (Gange et al. 1990). Therefor@2.8°C in April and November, respectively. Both
the AMF communities in areas with rapid succes-areas were degraded by low input agriculture (SF)
sion, as grass pasture and secondary forest, need éo intense grazing by animals (GP). The SF is lo-
be more known. Generally, grass pasture presentsated at S 23¥39.9" and W 2344'18.4" at an al-
greater potential of AMF inocula than secondarytitude of 342 m above sea level, on a steep slope.
forests (Fischer et al. 1994). However, the AMF Itis an ecosystem dominated by a secondary forest,
diversity and the relation between AMF and othershowing less plant diversity compared to the pri-
soil microorganisms are still little explored. mary forest. The GP area is located at 3&40"
There are several indications that bacteria haveand W 2436'21.3" with an altitude of 402 m above
important functions in the interaction between rootssea level, on a steep slope, showing a prevalence of
and AMF (Fester et al. 1999). The interaction of Axonopus sp. andBrachiaria decumbens, and con-
P-solubilizing bacteria and AMF can also promotetaining points of exposed soil, indicating initial land
better establishment of AMF (Toro et al. 1997). degradation. Chemical and textural characteristics
According to Johansson et al. (2004) a better unof the soils from both areas are shown in Table I.
derstanding of the interactions between AMF and Soil samples were taken from both areas, in
other microorganisms is necessary for the develApril and November of 2000, into delimited areas
opment of sustainable management of soil fertility,of 0.5 ha. The samples were taken using a matrock

MATERIALSAND METHODS
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COMMUNITIES OF P-SOLUBILIZING BACTERIA 185

TABLE

Chemical and textural characteristics of the soils! from secondary forest and grass pasture areasin Paraty — RJ.

Area pH 2 K@ cd® mg® A c@ Texture  type  Soil
in water class
(2:1) mg dnT3 — cmokdm—3 — gkg1
Secondary
forest 5.0 95 198 3.8 1.6 0.1 1.96 sandy clay loarhitosoil
Grass
pasture 4.8 3.0 125 1.0 11 0.9 1.81 sandy clay loalfritosoil

150il samples were taken from the 0-20 cm Iay%Extractor: Mehlich I;3Extractor: KCI 1M; 4Embrapa (1997).

from the 0-20 cm layer at 10 different points in eachGAGES (10 g of glucose, 100 ml of soil extract, 5 g
area to obtain a representative analysis. Generallyf arabinose, 4 ml of glycerol, 2 ml of Cagll%,

20 samples per hectare are sufficient to soil char2 ml of MgSQ; 10%, 1 ml of NaCl 10% and 15 g of
acteristics analysis (Embrapa 1997). In each colagar) and GELP (10 g of glucose, 100 ml of soil ex-
lect point, litter was taken out from the soil surface. tract, 0.05 g of yeast extract, 5 g of peptone, 2 ml of
Samples were gathered forming a mixed sample foCaCh1%, 2 ml of MgSQ 10%, 1 ml of NaCl 10%
each area and transported in plastic bags to Emand 15 g of agar). Cag10%) and kHPO,(10%)
brapa Agrobiologia. Larger roots were taken outwere sterilized separately and added to the media,
manually from each mixed sample. These sambefore adding to the Petri plates, to produce an in-
ples were then transferred to plastic pots and culerganic phosphate precipitate (CaHPO

tivated withMimosa caesalpiniifolia, as a trap plant The experiment was set up in a completely ran-
for P-solubilizing microorganisms. After 45 days domized design#2 (four growth mediax two sam-

of cultivation, under greenhouse conditions, eightple areas, SF and GP), with three replicates for each
plants, from each soil sample, were harvested andilution. Variance analysis was performed using the
these microorganisms were isolated from 10 g ofstatistical package SISVAR (Ferreira 1999). The
soil collected from the rhizoplane plus rhizospheredensity of P-solubilizing bacteria and fungi as well
ofthe plants. The 10 g of soil were directly mixed in as total bacteria and fungi was evaluated through di-
90 ml of NaCl (0,85%), following the successive di- rect counting in plates from dilutions 18, 103,
lutions method to 10°. From each dilution, 1021  10~* and 10°°. Results were expressed as Colony
were transferred to sterilized Petri plates, followedForming Units (CFU).

immediately by the addition of media maintained Dilutions from 1072 to 10~ were used for

to 45°C (“Pour-Plate” method). A control without purification of P-solubilizing microorganisms (pu-
soil to verify contaminations was used transferringrified in Petri plates containing the same isolation
100 ul of NaCl (0,85%) to Petri plates adding the medium) because they showed better colony sepa-
growth media. Four growth media were evaluatedration. Purified microorganisms were stored atroom
for the isolation of P-solubilizing bacteria and fungi: temperature in test tubes containing GL medium
GL (10 g of glucose, 2 g of yeast extract and 15 g ofand mineral oil for posterior use in taxonomic stud-
agar); GES (10 g of glucose, 100 ml of soil extract,ies carried out at Estacion Experimental del Zaidin
0.1 g of KNQ;3, 2 ml of CaCp1%, 2 ml of MgSQ  (Granada), Spain. The difficulties to transport alive
10%, 1 ml of NaCl 10%, 4 ml of FeEDTA 1.64%, microorganims to Spain limited the number of iso-
2 ml of micronutrients solution and 15 g of agar); lated to be taxonomic studied, being just chosen

An Acad Bras Cienc (2006)78 (1)



186 EDSON L. SOUCHIE ET AL.

those more promising regarding P solubilization.(Lane 1991) was carried out in 20L containing
Thus, two P-solubilizing fungi isolates (7 and 9) 0.5 mM of each primer, 100 mM of DNTPs, PCR
and three P-solubilizing bacteria isolates (8, 9 andlL X buffer (Sigma, St. Louis, MO, USA), 2.5 mM
50) from Paraty were chosen based on the larger dief MgCl,, 10 ng of genome DNA and 0.25 U of Taq
ameter of the solubilization halo as compared to theDNA polymerase (Sigma).
other isolates, indicating a higher ability for P sol- A Perking Elmer/Cetus thermocycler was used
ubilization. As controls for taxonomic studies, P- with the following parameters: initial denaturation
solubilizing microorganisms were isolated and pu-at 95°C for 4 min, followed by 30 cycles of denat-
rified (using GL medium) from rhizoplane plus rhi- uration at 94C for 30 seconds, annealing at°8b
zosphere oM. caesalpiniifolia cultivated in a soil ~ for 45 seconds, elongation at°Q for 1 min, and
sample from Pontevedra, Galicia (Spain), collectedinal elongation at 72C for 5 min. Amplified DNA
atN422419.1"and W 84022.8", altitude of80m,  was purified from agarose gel (1.2%) using the QI-
in a zone with typical vegetation of temperate forest AEX Il Extraction Kit (Qiagen, Hilden, Germany)
The composition of the Spanish soil was: total sandand cloned in pPGME (Promega), for sequencing.
=72%; silt = 18%; clay = 10%; pH = 5.4; % organic The 16S sequences obtained from isolates were an-
C =1.9; totAN = 2330 mg dn72 and available P alyzed using BLAST and FASTA algorithms in or-
(Olsen) = 21 mg dm3. The methodology used for der to identify the genus and where possible, the
isolation was the same described above and, therd?-solubilizing bacteria species.
fore, one more P-solubilizing fungi isolate (19) and Phylogenetic analysis of the P-solubilizing
one P-solubilizing bacteria isolate (55) from Galicia bacteria isolates was performed using the multiple
were chosen based on larger solubilization halo fosequence alignment program CLUSTALW (version
taxonomic studies. 1.5). The tree was generated using the PHYLIP
AMF spores were extracted directly from software package.
mixed soil samples from two areas, by wet siev-
ing (Gerdemann and Nicolson 1963) and centrifu-
gation in sucrose solution (Jenkins 1964) and then
collected on a sieve of 5am. The spores were In both samplings, taken in April and November,
placed into Petri plates for counting and separatiorthe growth media GL and GELP showed a more de-
using a stereoscopic microscope. Slides containfined solubilization halo around the colonies. These
ing representative amounts of each type of sporavere also the only media thatisolated P-solubilizing
were prepared and used to identify the AMF speciedacteria in the SF samples in April (Table II). In
present in both areas of Paraty. the samples from the GP area, P-solubilizing bacte-
P-solubilizing fungi were identified based on ria were detected only by GAGES and GELP me-
their morphology through the evaluation of a smalldia. In November, P-solubilizing bacteria in sam-
piece of GL medium containing the fungal struc- ples from both areas were isolated using GL, GELP
tures, using a stereoscopic microscope. Generawernd GAGES media.
assigned to the P-solubilizing fungi isolates accord- In April, P-solubilizing fungi were detected
ing to the results and information from Barnett andonly in the soil from SF using GAGES medium
Hunter (1972). (Table 111). In November, P-solubilizing fungi in the
DNA was obtained from the P-solubilizing soil samples from SF were detected using all growth
bacteria after growth in GL medium as describedmedia. These fungi were not detected in any sam-
by Giovannetti et al. (1990). Identification of the plings from the GP area.
isolates was based on 16S rDNA sequences. PCR  The GL, GES and GAGES media did not show
amplification using universal primers 27f and 1495rsignificant differences on isolation of total bacteria

RESULTS
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TABLE Il
Populations of P-solubilizing and total bacteria obtained by different growth media from soil samples

gathered in secondary forest (SF) and grass pasture (GP) in April and November, 2000, in Paraty, RJ.

P-solubilizingbacteria Totabacteria

Growthmedia April November April November
SF [GP| SF [ GP| SF | GP | SF | GP
CFU x10° g1 of dry soil

GL 4,3a* | Oa | 6,0a* | 2,1a| 123a | 111a| 138a| 1l13a
GES Ob Oa 0b Oa 83a 93a | 96b | 77ab
GAGES Ob 0,4a| 0,8b | 1,3a| 94a 86a | 74b 62b
GELP 3,0a* | 0,6a| 1,6b | 1,3a| 104a* | 37b | 42c* | 18c

Means followed by same letter, on column, do not differ by Tukey tesO(P5); *superior mean
between SF and GP areas by Tukey testqj05).

TABLE Il
Populations of P-solubilizing and total fungi obtained by different growth media from soil samples gathered

in secondary forest (SF) and grass pasture (GP) in April and November, 2000, in Paraty, RJ.

P-solubilizingfungi Totalfungi
GrowthMedia April November April November
SF [GP| SF [GP| SF [ GP | SsF GP
CFU x10° g1 of dry soil

GL Oa | Oa| 56b* | 0a| 6,1a | 6,6a| 2,4b 3,1a
GES Oa | Oa| 154a* | 0a| 3,9a | 44a| 2,0b 4,3a
GAGES 0,4a* | Oa | 15,0a* | Oa | 6,0a | 7,5a| 0,4b 3,%*
GELP Oa | Oa| 3,2b | Oa| 8,6a* | 6,5a| 14,6a* | 3,0a

Means followed by same letter, on column, do not differ by Tukey tesO(P5); *superior mean
between SF and GP areas by Tukey testqj05).

between the two areas during both sampling periimedia did not differ to each other. A greater number
ods, but GELP medium isolated a higher numberof total fungi colonies were isolated from SF using
of bacteria colonies in the SF (Table Il). However, GELP medium in Apriland November and from GP
comparing the media, GELP isolated lower bacteriausing GAGES medium in November.
colonies in the GP area in April and in both areas, The number of AMF spores in 50 ml of soill
in November. In this last sampling period, the dif- from the first sampling was 50 and 948 for the SF
ferences among media were more evident, and thand GP areas, respectively. In November, the num-
medium GL promoted the highest isolation of total ber of spores was 344 and 1171 for the same ar-
bacteria. eas, respectively. Thus, a greater number of spores
The highest number of total fungi colonies in the GP area in both sampling periods as well
was isolated using GELP medium in the SF areaas a larger number (seven) of AMF species were
in November (Table 1l1). In the other samplings the found in November (Table 1V). In April, from the

An Acad Bras Cienc (2006)78 (1)



188 EDSON L. SOUCHIE ET AL.

SF area, dominance @lomus macrocarpum was  ysis of the sequences using BLAST and FASTA
observed as well as the presencezbdmus etuni-  suggested that isolate 8 Enterobacter aerogenes
catum and Acaulospora sp. In the GP area, there (99% of identity), isolate 55 iBacillus megaterium
was dominance oflomus etunicatum. In the soil  (99.5%). Isolates 9 and 50 were closest to an uncul-
samples from the second sampling period, in theured soil bacterium (99% of identity), belonging to
SF area, dominance @lomus macrocarpumwas  Enterobacteriaceae (Valinsky et al. 2002).

also verified and presence Ataulospora mellea,

Acaulospora scrobiculata and Archeospora lep-

toticha was observed. In the GP area, there was a

predominance o6lomus macrocarpum as well as  The superior performance of GL and GELP me-
the presence oGlomus etunicatum, Archeospora  dia for P-solubilizing bacteria isolation showing the
leptoticha, Glomus geosporum, Acaulospora mel-  highest number of P-solubilizing bacteria might be
lea, Acaulospora foveata and Scutellospora were-  due to the presence of yeast extract in these media.

DISCUSSION

subiae. Similar results were found by Sylvester-Bradley et
TABLE IV al. (1982) where a higher number of P-solubilizing

bacteria over fungi was obtained of soil from the

Arbuscular mycorrhizal fungi (AMF) speciesfrom Brazilian Amazon. Moreover, these growth media

secondary forest (SF) and grass pasture (GP) in
soil samplestaken in April and November, 2000, in

also allowed a better visualization of the P-
solubilization halo. On the another hand, a higher

Paraty, RJ. number of P-solubilizing fungi was obtained with
April November GES and GAGES media. Probably some compo-

AMF species SF| GP| SF| GP nent of this media had favored the growing of fungi
Acaulospora foveata - - | - + over bacteria.
Acaulospora mellea - | -+ + The reason that P-solubilizing fungi in soil
Acaulosporascrobiculata | — | - | + | — from the SF area (second sampling) were isolated
Acaulospora sp. rl -l -] - using any of the growth media was probably due to
Archeospora leptoticha Sl i N a variation in the fungi community. This behavior,
Glomus etunicatum Sl I Il B however, is not related to precipitation and temper-
Glomus geosporum S I Bl M ature variation, since in both sampling periods the
Glomus macrocar pum +* — | +* +* S . . -

- precipitation and temperature are historically simi-
Scutellospora weresubiae | — - - +

lar. It is possible that the larger plant diversity in
+ = presence of AMF— = absence of AMF; *: dominant the SF as compared to the GP area could affect the

population in the community. community of P-solubilizing fungi making it more
diverse, promoting this variation between the sam-
pling periods.
Fifty-four P-solubilizing bacteria and 18 P- The results from the first sampling are in

solubilizing fungi isolates were obtained from both agreement with Sylvester-Bradley et al. (1982) who
areas at Paraty in April and November. For taxo-observed a lower number of P-solubilizing fungi
nomic purposes, three P-solubilizing fungi isolatesthan P-solubilizing bacteria in soil from the Brazil-
(7,9and 19) and four P-solubilizing bacteriaisolatesian Amazon using GL, GES, GAGES and GELP
(8, 9, 50 and 55) were chosen. The P-solubilizingmedia. Nahas et al. (1994), who quantified the
fungi isolates (7 and 9) from Paraty and the iso-number of P-solubilizing microorganisms in 13 dif-
late (19) from Galicia were identified &spergillus  ferent soils with different vegetation types in S&o
sp. For P-solubilizing bacteria, the similarity anal- Paulo State, also observed a lower number of P-

An Acad Bras Cienc (2006)78 (1)
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Uncultured soil bacterium |

— Enterobacter cancerogenus
631

L— Isolate 8

539

Klebsiella oxytoca

563

Citrobacter werkmanii
{77

Citrobacter freundii

Enterobacter aerogenes

14 Isolate 9

Isolate 50

31

Salmonella enterica
25

Bacillus sp. |

L— 56 49 Bacillus sp. 1l

18 Bacillus sp. 1l

178
520
Isolate 55
556

Bacillus sp. IV

Bacillus megaterium |
_En

Bacillus megaterium Il

—1 1000

Enterobacter cloacae

471

Uncultured soil bacteriumll
_Ezs

Uncultured soil bacterium Il

Fig. 1 — Phylogenetic analysis of the 16 STDNA sequence from P-solubilizing bacteria isolates.

solubilizing fungi as compared to P-solubilizing sphere of legumes as compared to grasses. Asimilar
bacteria. On the other hand, Souchie (unpublishe@bservation was verified in this study, where a larger
data) using these growth media isolated morenumber of total microorganisms were observed in
P-solubilizing fungi (70%) than P-solubilizing the SFareaascomparedto GP, using GELP medium.
bacteria (30%) in soils from the Brazilian semi-arid However, there was no statistical difference among
region. SF and GP with the other growth media. The only
Sylvester-Bradley et al. (1982) observed aexceptionwas the larger number of total fungi in the
higher number of total microorganisms in the rhizo- GP area when GAGES medium was used. In the

An Acad Bras Cienc (2006)78 (1)



190 EDSON L. SOUCHIE ET AL.

SF area there is greater plant diversity with a largemway, Sieverding (1991) related that variation in plant
number of legume species than inthe GP area, whereover is a factor that directly affects the AMF mul-
there is a prevalence of grasses, corroborating thaplication. A higher number of spores is frequently
results obtained by Sylvester-Bradley et al. (1982)attributed to plants with an abundant root system
Nahas (1999) suggests that legumes species increasth fast growth rate and a high capacity to supply
solubilizing microorganisms by consequence of thephotosynthate to the fungi, as is the case of grasses
soil enrichment by nitrogen. It is possible that this (Daniels Hetrick and Bloom 1986). However, the
factor had influence on the another differences oblower AMF diversity observed in the SF area does
served in this work, as the larger number ofnot necessarily indicate that species were absent.
P-solubilizing bacteria and P-solubilizing fungi on Forinstance, Sieverding (1991) reported dominance
SF area. of AMF species non-pioneers (K species) that do
The results of AMF in this study are in agree- not induce high sporulation rate. Douds and Mill-
ment with Caproni etal. (2003), who also found thatner (1999) related that measurement of the diver-
seasonal fluctuations affected the density of sporesity of AMF communities in field soils presents a
and number of species in revegetated degraded aresariety of challenges, among them the difficulty of
in the Brazilian Amazon. Moreover, these authorsidentifying field collected spores, the detection of
also detected a dominance@iomus macrocarpum  non-sporulation members of the community, and the
in the areas evaluated. Trufem (1990) also detectetiack of relation between functional diversity and the
a greater abundance of spores@bmus macro-  morphological diversity of spores used to delineate
carpumin a study carried out in the Atlantic forest species.
on Cardoso Island, Sao Paulo, Brazil. Similarly, The fact that all identified P-solubilizing fungi
Carrenho et al. (2001) also verified thatomus  belong toAspergillus genus agrees with several au-
macrocar pum was the most observed (100% of soil thors (Whitelaw et al. 1999, Seshadri et al. 2004,
samples) in the first year of a field experiment with Wakelin et al. 2004, Wang et al. 2005) whéks
corn in S&o Paulo. pergillusor Penicilliumhas been described as genus
In this work, a greater number of AMF spores of P-solubilizing fungi. In the same way, analysis
was observed in the grass pasture area in both sanof 16S rDNAs from P-solubilizing bacteria isolates
pling periods. Fischer et al. (1994) also verified showed similarities to 16S rDNA sequences from
lower number of AMF propagules in a secondarypreviously identified soil isolates in the GenBank
tropical forest area compared to a pasture area donttatabase (Figure 1). There are studies reporting
inated by grasses. Similarly, Oehl et al. (2003)bacteria from theéBacillus genus and Enterobacte-
also detected a highest number of AMF spores andiaceae family with potential to promote P solubi-
species in grasslands. Munyanziza et al. (1997) oblization. Rodriguez and Fraga (1999) related that
served that the number of spores of AMF in undis-strains fromPseudomonas, Bacillus andRhizobium
turbed forests is low and increases with low to mod-are among the genera with the greatest potential for
erate degrees of disturbance, while species diversityy solubilization. Silva Filho and Vidor (2001) de-
assessed on the basis of spore morphology, dodscted solubilization of calcium phosphate by enter-
not usually peak in natural ecosystems. Capronbbacteria in growth medium amended with ammo-
et al. (2003) found a lower density of spores inniacal N. Hwangbo et al. (2003) showed that P sol-
primary forest comparedta 2 year old reforested ubilization byEnterobacter intermediumwas medi-
area. These authors attributed their results to thated through the liberation of acids into the growth
greater stability of the primary ecosystem, less commedium, mainly 2- ketogluconic acid. Thus, the
petition by niches allowing the AMF multiplica- solubilizers identified are similar to other organisms
tion even with a low sporulation rate. In the samealready related as phosphate solubilizing.

An Acad Bras Cienc (2006)78 (1)



COMMUNITIES OF P-SOLUBILIZING BACTERIA 191

Future evaluation ofnvitro/vivo phosphate KNO3, CaCb, MgSQy, NaCl, FeEDTA solugéo de mi-
solubilization ability of several P sources by thesecronutrientes), GAGES (glicose, extrato de solo, arabi-
P-solubilizing isolates could be an interesting studynose, glicerol, CaGl MgSQ; e NaCl) e GELP (glicose,
in order to improve its use as a plant mineralextrato de solo, extrato de levedura, peptona, gacCl

nutrition promoter. MgSO, e NaCl) para isolamento de microrganismos solu-
bilizadores de fosfato. A identificacédo das bactérias solu-
CONCLUSIONS bilizadoras foi baseada na andlise do 16 S rDNA, enquanto

1 — The most efficient P-solubilizing bacteria were que 0s fungos solubilizadores e os micorrizicos arbuscu-

identified as Enterobacteriaceae @Batillus lares foram identificados pela sua morfologia. O maior
sp. numero de bactérias solubilizadoras foi obtido usando os
meios GL e GELP. O maior nimero de fungos solubi-
2 — The most efficient P-solubilizing fungi were |izadores foi obtido com os meios GAGES e GES. As
identified asAspergillus sp. bactérias solubilizadoras foram identificadas como Enter-
. obacteriaceae®acillussp., e os fungos comspergillus
3 - There was dominance oBlomus macro- P g _ g
. sp. Glomus macrocar pum e Glomus etunicatum foram as
carpumin the secondary forest and grass pas-— o _ )
ture areas espécies de fungos micorrizicos dominantes nas areas de

floresta secundaria e pastagem, respectivamente.

4 — The greatest number of P-solubilizing bacteri"j‘Palavras—chave: fosfato, Enterobacteriaceae, Mata

was isolated using GL and GELP growth me- Atlantica, Glomeromycota, microrganismos do solo.
dia, which also facilitated the visualization of

solubilization halo.
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