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ABSTRACT

The seasonal dynamics of Arbuscular Mycorrhizal Fungi (AMF) was investigated in the rhizosphere of two
fruit species in a terra firme (upland) ecosystem in Central Amazonia. Two host species (Theobroma
grandiflorum and Paullinia cupana) and nine sampling months (August, September and December/1998,
February, April, May and December/1999, February and May/2000) were studied in acompletely randomized
design, with fivereplications, setina2 x 9 factorial experiment. Soil (0-20 cm depth) and root sampleswere
collected between August 1998 and May 2000. The mean percent colonization of AMF for both species
reached maximal valuesin February and May 2000 (rainy season). In April and May 1999, February and May
2000 (rainy season) the highest AMF spore numberswereregistered. Thepluvial precipitation wassignificantly
positively correlated with AM F number sporesfor both fruit species, and significant positive correlation only
with AMF colonization of P. cupana. Soil moisture content was positively correlated with colonization and
spore numbers of AMF for both species evaluated. AMF colonization and AMF spore numbers of T.
grandiflorum were positively correlated with soil Mg and K concentrations. AMF spore numbers of T.
grandiflorumwere also negatively correlated with effective cation exchange capacity (ECEC). AMF colonization
and AMF spore numbers in the rhizosphere of P. cupana were positively correlated with pH and Mn
concentrations. AMF colonization was al so positively correlated with AMF spore numbers for both species
evaluated. In conclusion, this study showed that AMF colonization and sporulation are seasona and
dependent on host plant species, pluvia precipitation, soil moisture content and soil chemistry in Central
Amazonia conditions.

Keywords: arbuscular mycorrhizal fungi, Theobroma grandiflorum, Paullinia cupana, agroforestry
system, Central Amazonia

INTRODUCTION

The ecology and dynamic of soil microorganismsvary both
temporally and spatially (31). Environmental factorsthat affect
and alter soil microbial assemblage structure and function are
complex. Itiswell known that environmental variables, such as
soil pH, nutrient availability and soil moisture content, can
influence the distribution and activity of soil microorganisms

(2,16). Interrafirme ecosystemsin Amazonia, high soil acidity
and low fertility arelimit microbial activities. However, changes
inpH and inorganic nutrient availability aretriggered by pattern
asinsoil moisture (42).

Arbuscular mycorrhizal fungi (AMF) are amajor component
of rhizosphere microflora in natural ecosystems, and play
significant roles in the mineralization and cycling of plant
nutrients (3,33). AMF increase the efficiency of nutrient and
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water absorption and host plant response to stressful
environments (55). AMF also contribute to the maintenance of
good soil structure (55,60).

The development and seasonal fluctuationsin AMF fungus
has been investigate in several plant species and in several
countries, including the Great Britain (36), Portugal (7), Isragl
(25) and India (41). In contrast, this type of study is scarcein
Brazil (34,39).

Since that below-ground ecosystem as a whole is affected
by AMF (14), they may be useful as indicators of ecosystem
change. Investigations of AMF fungal dynamics can help
elucidate the ecologica significance of AMF associations in
Central Amazoniaconditions. In Central Amazonia, Guitton (21)
and Oliveira (42) reported seasonal variation of AMF
colonization and spore numbersin someforest and fruit species
nativeto theregion. Theseauthorsfound under field conditions,
an increase in AMF colonization and AMF spore numbers
during the rainy season (May to December). Nevertheless,
information on the influence of edaphic factors on AMF
colonization and spores numbers are poorly understood in
Amazonia. Oliveira(42) and Oliveiraand Oliveira (43) suggest
that both AMF colonization and AMF spore numbers are
influenced by pH, Al, Ca, Mg, K, Feand Mn availability levels.
By contrast, Guitton (21) did not find significant influence of
soil factors on AMF variables. Astropical soils are exposed to
high soil moisture variation during the year, another studiesare
necessary to evaluatethe effect of soil variablesonthe dynamics
of AMF. Thus, the objectives of this study were to describe the
temporal dynamics of AMF colonization and AMF spore
numbers, as well as to evaluate the effects of the pluvial
precipitation, soil moistureand some chemical variableson AMF
dynamicsin Central Amazonia.

MATERIALSAND METHODS

Study site

This study was performed in field conditions, in an
agroforestry plantation at the Federal Agrotechnical School,
Manaus, Amazonas, Brazil (2°57' and 3°10' S and 59°53' and
60°07' W), onthe Aleixo Road, on aclayed Yellow Oxisol. The
agroforestry plantation contains Bertholletia excelsa H.B.K,
Coffea arabica L., Theobroma grandiflorum Schum. and
Paullinia cupana var. sorbilis Mart.; all plantations are more
than 13 old.

The climate is Ami in the Kdppen classification, a rainy
tropical climate. The relative humidity oscillates around 84%
and an average annual precipitation of 2286 mm (17). In this
study, the sampling months were divided in two seasons: the
rainy season, between December and May; and the dry season,
between June and November. The dry season is characterized
by intense sun and average temperature above 35°C (17).
Precipitation values in sampling months were: August,
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September and December of 1998 = 47, 128 and 200 mm,
respectively; February, April, May and December of 1999 =278,
245, 432 and 210 mm, respectively; February and May of 2000 =
355 and 299 mm, respectively.

Soil and plant root sampling

For analyses of soil fertility, soil moisture, spore numbers
and AMF root colonization at all sampling periods, soil
rhizosphere (500 g) and roots (2 g fresh weight) from each
replicate of T. grandiflorum and P. cupana were randomly
collected to adepth of approximately 20 cm. The soil rhizosphere
and plant root samples were transported to the laboratory in
plastic bags and stored at 4°C until processed.

AMFroot colonization

In the laboratory, after careful rinsing with tap water, the
roots were cleared in 10% KOH solution for 40-60 minutes at
90°C in a water-bath. The roots were washed and bleached in
akalineH,O,(3mL of NH,OH, 30 mL of H,0, a 10% and 567 mL
of water), placed in 4% HCI solution for 3 minutes, and stained
with glycerol-trypan blue solution (0.05%) (875 mL lactic acid,
63 mL glycerol, 63 mL of water) at 90°for 60 minutein awater-
bath (27). Levelsof AMF colonization were quantified according
to the method of Giovanetti and Mosse (19), using 50 root
segments cut into 1 cm long pieces.

Quantification of AMF sporenumbers

Thirty gram subsamples of soil from each replicate were
utilized to determine AM F spore numbers. AM F spore numbers
wereextracted from soil using acombination of wet sieving and
decanting and sucrose-centrifugation techniques (18), utilizing
sievesof 205, 105 and 40 mm mesh. Theretained material s (sail
+ spore) in the sieve of the smallest mesh weretransferred to 50
mL centrifuge tubes; distilled water was added; the tubes were
shaken and centrifuged for 5 minutes at 1750 rpm. After
centrifugation, the suspension was decanted carefully; sucrose
solution at 20% was added. The AMF spores were counting
under a stereoscopic microscope at X 4.

Soil analyses

Before processing, the samples were sieved (2 mm mesh
size) and the subsamples from each replicate were used for soil
moisture (SM), pH, Al, H + Al, sum of bases (SB), effective
cation exchange capacity (ECEC), Ca, Mg, K, P,Zn,Mnand Fe
determinations. Soil moisture was determined gravimetrically
by drying samplesat 105°C for 48 h (15). Vauesof soil pH (H0,
1:2.5), Ca,Mgand Al (KCI 1N), P (extraction by Mehlich 1 and
reading by colorimetry), K, Mn, Zn and Fe (Mehlich 1, atomic
absorption) were determined (15). Indirectly, values of sum of
bases (SB = Ca+ Mg+ K) and effective cation exchange capacity
(ECEC =SB + Al) dsowerecalculated. Chemical characteristics
of soil rhizosphere may be found in Table 1.
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Table 1. Chemical characteristics of a Yellow Oxisol planted
with T. grandiflorumand P. cupanain an agroforestry plantation
in Manaus, Amazonas. The values are means (with ranges in
parentheses) obtained from monthly values through the
sampling periods.

Rhizosphere variables  T. grandiflorum  P. cupana
pH (H:0, 1:2.5) 35(34-37) 37(35-39
Al (cmolckg?) 2(1.5-25) 21(1.6-25)

H +Al (cmol:.kg?) 28(22-35 28(22-35)
ECEC (cmoal:kg?) 35(31-46) 36(29-4.7)
Ca(cmol:.kg?) 1(0.6-1.6) 11(0.7-2)

Mg (cmolc.kg?) 04(0.2-05 05(0.3-0.8)
K (mgkg?) 31(26-42) 32(27-40)
P(mgkg?) 18(7-28) 11(5-18)

Zn(mgkg?) 45(3-6.7) 35(1.6-5.3)
Mn (mgkg?) 1.8(0.7-3.2) 2(0.9-4.9)

Fe(mgkg?) 214(115-314) 130(61-225)

ECEC = Effective cation exchange capacity.

Experimental design and statistical analysis

The experimental design used was completely randomized,
arranged in a 2 x 9 factorial. The factors were represented by
two fruit species (T. grandiflorum and P. cupana) and nine
sampling months (August/98, September/98, December/98,
February/99, April/99, May/99, December/99, February/00 and
May/00), with fivereplicates. These datawere also arranged in
a2x 2factorial toinvestigate theinfluence of sampling seasons

(dry season: August/98 and September/98, and rainy season:
December/98, February/99, April/99, May/99, December/99,
February/00 and May/00) on temporal variation of pH, Al, H +
Al, ECEC, Ca, Mg, K, P, Zn, Mn and Fe values during the study
period. Prior to statistical analysis, AMF colonizationand AMF
spore numbers data were arcsin square root-transformed and
square root-transformed, respectively.

AMF colonization, AMF spore numbers and edaphic
variables data were analyzed by two-way ANOVA to test for
differences between host species and between sampling months
or seasons. To contrast treatments means Tukey's test was
used at 5%, 1% and 0.1% (20). Pearson product-moment
correlation analysis was used to relate AMF colonization and
AMF spore numbers (dependent variables) with pluvial
precipitation, soil moisture content and soil rhizosphere, pH,
Al, H +Al, ECEC, Ca, Mg, K, P, Zn, Mn and Fe (independent
variables) for each species and sampling months. Total
regression analyses were used to test the influence of edaphic-
climatic factors on dynamics of AMF natives or spore numbers
independent from sampling periods and host species. Statistical
software (StatSoft, Tulsa, USA) was used for this statistical
analysis.

RESULTS

Soil chemical variables

Two-way ANOVA of the studied data indicated that there
were significant differences in mean levels of soil variables
between plant species and sampling seasons (Tables 2 and 3).
Soil pH varied significantly between species and between

Table 2. Temporal patterns of soil factors in the rhizosphere of T. grandiflorum and P. cupana in an agroforestry plantation in

Manaus, Amazonas.

. pH Al ECEC
Species
Dry* Rainy? Means Dry Rainy  Means Dry Rainy  Means
-------- cmol kgt -------- -------- cmol kgt --------
T. grandiflorum 34 36 35b 24 17 2la 37 33 35a
P. cupana 36 38 3.7a 22 17 20a 40 32 36a
Means 35b 37a 36 23a 17b 20 39 33b 39
P Fe Mn
Dry Rany  Means Dry Rainy  Means Dry Rany  Means
———————— mg kgt -------- --------mgkg? -------- mg kg
T. grandiflorum 162 190 18.0a 206 222 214a 09 26 18a
P. cupana 114 108 11.0b 109 150 130b 12 28 20a
Means 14.0a 150a 145 158a 186a 172 11b 2.7a 19

1 Dry season: August and September/1998; 2 Rainy season: December/1998, February, April, May and December/1999, February and May/

2000); ECEC = Effective cation exchange capacity.
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Table 3. Summary of two-way of variance of the effect of fruit species, sampling months and seasons factors on AMF and soil

AMFSin Central Amazoniaedaphic-climatic conditions.

Source of F values Source of F values
variation AMF variables variation Edaphic variables

Df AMF AMFS SM Df pH Al ECEC P Mn Fe
Species(S) 1 16N 12V 0.2%  Species(S) 1 122 19 02 6.7* 06N 9.9**
Months (M) 8 156** 686** 1758** Seasons(Se) 1 15.6%* 452%* 12.2%* Q2¥ 27.2** 1.2
SxM 8 13Ns 2.8** 1.8\ SxSe 1 05% o2 15% 05 01 02v
VC - 9.6 107 25 \VC - 2.7 96 107 0.1 3716 348

D.f = Degree freedom; VC = Variation coefficient; AMF(S) = Arbuscular mycorrhizal fungi (spores); SM = Soil moisture; ECEC = Effective

cation exchange capacity; NS = Not significant; *P < 0.05; **P < 0.01.

sampling seasons (p < 0.01 for both factors). Soil pH in the
rhizosphere of P. cupana (pH = 3.7) was significantly higher
than intherhizosphere of T. grandiflorum (pH = 3.5). Similarly,
soil pH inrainy season was significantly higher (pH = 3.7) than
indry season (pH = 3.5) (Table 2). Soil Al, Mnand ECEC varied
significantly (p < 0.01 for all variables) only between seasons.
After dry season, soil Al and ECEC decreased significantly
from 2.3 to 1.7 cmol. kg! and from 3.9 to 3.3 cmol. kg?,
respectively. Contrarily, soil Mn increased during the rainy
season (Table 2). Soil P and Fe concentrations varied only
between fruit species. The concentrations of those elementsin
therhizosphere of P. cupana (P=11.0mgkg* and Fe= 130 mg
kg?) were significantly smaller than in the rhizosphere of T.
grandiflorum (P=18.0mg kg and Fe= 214 mg kg?) (Table 2).
Soil Ca, Mg, K, Zn and H + Al did not varied significantly
between species or sampling seasons (data not showed).

Soil moisture

Soil moistureranged from 26.1 to 47.1%, without significant
differences between host species. Significant differences (P <
0.01) in soil moisture content were found between the sampling
months (Table 3). Soil moisture varied in response to rainy
season, ranging from 31.2t042.1%in August 1998 (dry season)
and April 1999 (rainy season), respectively.

Root colonization by AMF

P. cupana and T. grandiflorumexhibited AMF col onization
ranging from 12.8% to 28.4%, however without significant
variations between host species (Fig. 1a and Table 3). On the
other hand, significant differences (P < 0.01) were observed
between the sampling months (Table 3). The mean of AMF
colonization for al treatments studied was 18.8% (data not
showed). In T. grandiflorum, minimum AMF colonization of
12.8% and maximum of 28.4% were noted in August 1998 and
February 2000, respectively. In P. cupana, minimum AMF
colonization of 14.6% and maximum of 27.4% wereobservedin

August 1998 and May 2000, respectively (Fig. 1a). In August
1998, AMF colonization was significantly lower (p < 0.01) than
in other sampling months (Fig. 1b). Moreover, the higher
percentages of mycorrhizal colonization occurred during the
rainy season, except for the sample collected in December 1998
(beginning of the rainy season) (14.8%), that did not differ
significantly from the sample collected in September 1998
(16.4%) (Fig. 1b).

40
35+ | —@— T. grandiflorum ---O-- P. cupana
30+
25+
20+
§ 15+
i
s ST
N
2 0 } } } } } } } }
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= 35+ |+ AMF colonization of two fruit species
< 30 +
251 a
20
15+
101 bed (B)
(5) 1998 o199 | 2000
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Sampling months

Figure 1. Temporal variationinroot colonizationby AMFin T.
grandiflorum (@), P. cupana (Q) plants and on the means of
colonization of both fruit species (A) during all months
analyzed. Infig. 1a: abcd: P. cupana means comparisons; xyz: T.
grandiflorum means comparisons.
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AMF sporenumber

In the rhizospheres of both host species, AMF spore
numbers (expressed as per 30 gram of dry soil) ranged from 36
to 349, with mean number of 217 (datanot showed). Mean spore
numbers did not differ significantly between species (Fig. 2a
and Table 3), although the variations between sampling months
were significant (Table 3). The soil sample collected in August
(dry season) was significantly lower (p < 0.01) than in all the
sampling performed during the rainy season (Fig. 2b).

500
450 1 |—m— T grandiflorum
3‘28 1 [-~8~ P. cupana .

300+ Nl T/ B ab
200+
150 +
100 + i

50+ M
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400 fruit species
350 +

300 +
250 +
200 +
150 +
100 +
58 T & 1998 1999 2000

Aug' Sep' Dec' Feb' Apr' May' Dec' Feb' May

AMEF spores (30 g soil)

Sampling months

Figure 2. Tempora variation in AMF spores (AMFS) in the
rhizosphere of T. grandiflorum (M), P. cupana (O) plants and
on the means of AMF spores of both fruit species (A) during
all months analyzed. In fig. 2a: abcd: P. cupana means
comparisons; xyz: T. grandiflorum means comparisons.

The first-order interactions (host species within sampling
periods) demonstrated significant differences (p < 0.01) between
the host species in February 1999, where higher AMF spore
numbersin the rhizosphere of T. grandiflorumwas found (Fig.
2a). For the sampling periods within host species, except for
December 1998 (beginning of therainy season), the datashowed
higher spore numbers during the rainy season for both host
Species.

Correlation between climatic, soil and AMF variables
Correlation analysis demonstrated that pluvial precipitation
was highly significant and positively correlated to AMF spore
numbers (p < 0.001) in T. grandiflorum and P. cupana. On the
other hand, only AMF colonization of T. grandiflorum -was
weakly significant and positively correlated to pluvial
precipitation (p < 0.05) (Table 4). AMF colonization and AMF
spore numbers were correlated (p < 0.01) with soil moisture
content (Fig. 3 and Table 4). AMF colonization was also

28 — 380
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Figure3. Total relationships (n = 90) between AMF colonization
(---), AMF spore numbers (—) and soil moisture in the
rhizospheres of two studied fruit species. ** p < 0.01.

Table 4. Pearson product-moment correlation coefficients between AMF and AMFS and some edaphic variables under of T.

grandiflorum and P. cupana during the studied period (n = 9).

Species AMF PP SM pH Mg K Mn ECEC
T. grandiflorum AMF 10 05* 0.8** 0.4Ns 0.6* 0.6* 03" 0.2\
AMFS 0.7* 0.9%** 0.9%** 04ns 0.6* 0.5* 0.7%* -0.6*
P. cupana AMF 10 04N 0.7%* 05* 04N 04N 0.6* 0.3
AMFS 0.5* 0.9%** 0.9%** 0.7%* 04ns 04N 0.5* 0.1ns

AME(S) = Arbuscular mycorrhizal fungi (spores); PP = Pluvia precipitation; SM = Soil moisture; ECEC = Effective cation exchange capacity;

NS = Not significant; * P < 0.05; ** P < 0.01; *** P < 0.001.
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positively correlated (p < 0.05) with AMF spore numbers for
both species as an effect of increase spore numbers during the
rainy season (Fig. 4 and Table 4).

AMF colonization of T. grandiflorum was positively
correlated with soil Mg and K concentrations. AMF spore
numbers under T. grandiflorumwas negatively correlated with
ECEC. AMF colonization and AMF spore numbers in the

29.5 " " " "
AMEF = -8E-08x" + 6E-05x"- 0.01x* + 1.23x - 21.21
R’ =0.77**

26.0

22.5
19.0
15.5

(2)
12.0

29.6

AMEF = 4E-08x" + 2E-05x" - 0.01x” + 0.43x + 4.66
R’ =0.99%*
26.6

23.6

20.6

17.6

AMF colonization (%)

14.6 (b)

28.0 ' ' ' '
AMF = 8E-08x" + 6E-05x" - 0.01x" + 1.24x +20.6
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24.5
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Figure 4. Relationships (n = 45) between AMF colonization
and AMF spore numbersin therhizospheres of T. grandiflorum
(a) and P. cupana (b) and total relationship (n = 90) between
AMPF colonization and AMF spores (c) in the rhizospheres of
two studied fruit species. ** p < 0.01.
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rhizosphere of P. cupana were positively correlated with soil
pH and Mn concentration (Table 4).

Comparing both host species, correlation coefficients
between AMF col onization and spore numbers showed a higher
coefficient intherhizosphere of T. grandiflorum (Table 4). This
result may be dueto higher spore numbersin the rhizosphere of
T. grandiflorum than in P. cupana, athough the AMF spore
numbersin T. grandiflorumdid not have resulted on asignificant
increase on AMF colonization of this host specie (Table 3).

DISCUSSION

The AMF colonizations for T. grandiflorum and P. cupana
was lower than levels observed by Oliveiraet al. (46) (28.3%)
for T. grandiflorum, and those mentioned by Chu (8) (61.7%)
and Costa et al. (11) (51%) for the P. cupana. However, they
were higher than those observed by Oliveira et al. (45) that
reported values of 11.2% and 10.7% of AMF colonization for T.
grandiflorum and P. cupana, respectively, in the same
agroforestry plantation studied here.

Seasonal changes in AMF colonization have been studied
in several plant species (6,41,51,60), although most of these
studies have failed to find consistent seasonal patterns of AMF
colonization. In the present study, however, for both fruit
species, the seasonal fluctuations of mycorrhizal colonization
and AMF spore numbers followed the same trend during the
sampling months (Figs. 1 and 2). The results of this study
indicate ainfluence of pluvial precipitation (Table 4) on levels
of AMF colonization (41,50,59) in Central Amazonia climatic
conditions. Theaveragelevel AM col onization observed during
the sampling months agreed, in general terms, with the results
of Guitton (21), Oliveiraet al. (45,46) and Oliveira (42), who
reported, respectively, higher AMF colonization during the dry
season in forest species and during the rainy season in fruit
speciesof Central Amazonia.

AMF spore numberswere strongly seasonal with increasing
numbersof AMF sporesastherainy season progressed. Similar
seasonal patterns in spore number were observed in other
studiesin Brazil (21,34,39), with gradual increasesin the spore
numbersduring therainfall period, followed of decreasesduring
the dry period. However, this seasonal variation can be
significant or not, depending on the species and evaluation
periods (months), as can be verified by thesignificant interaction
between factors and sampling months (Table 3).

Allen and Allen (1) explained that seasonal variation occur
mainly because of rainfall fluctuation. Siqueira(54) affirmed that
the cyclical changes in soil moisture is what stimulates AMF
sporulation. These comments contribute to explain of the
remarkably seasonal behavior of the sporesin this study.

Several studies had demonstrated that soil nutrient
concentrationisspatially and temporally variedin al ecosystems
(22,30,32,42). Theresults of thisinvestigation give some support
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to a strong influence of edaphic factors, such as soil moisture,
pH, ECEC, Mg, K and Mn (16,40,41,42,52) on symbiotic
association in the acid soils and nutrient-limited soils of Central
Amazonia. According to Hayman (24), level of soil fertility is
believed to be an important factor influencing the AMF
population. Studies have showed that plantsforming associations
with AMF had improved plant growth in acid soils that were
limed (10), whilein other acid soils, apositive AM fungal effect
wasfound without the need toincrease pH (23,44,57). Inan Oxisol
soil of Central Amazonia, AMF colonization and popul ations of
AMF intherhizosphere of P. cupana and Bactrisgasipaes plants
have been positively corrdlated to pH, Al, Ca, Mg, K and Mn
(42,43) and negatively correlated to ECEC (42).

Sedly (53), Jacobson (26) and Mohammad et al. (40) reported
that biotic factors are relatively less important than abiotic
factors for establishing population patterns and found that the
duration of moisture availability determines the level of AMF
colonization. Thus, theimprovement of soil fertility, especially
the increase of pH, availability of Mg, K and Mn, and soil
moisture provided favorable environment for mycorrhizal
formation and functionin terrafirme soilsof Central Amazonia.

The positive correlation between soil moisture and AM
colonization reported here disagree with several studies
(4,29,56), according to whom devel opment of AMF isfavored
by reduced soil water and better soil aeration. Other studies
(7,13,37) suggested non-direct relationship between AMF
colonization and soil moisture. In contrast, our results agree
with Paulaand Siqueira(47), Braunberger et al. (5); Miller et al.
(38) and He et al. (25) that found positive correl ation between
these variables. In Brazil, Paula and Siqueira (47) observedin
greenhouse, maximum increase AMF colonization levelsin soil
moisture level s ranging between 30% and 60%. In the present
experiment, the maximum moisture registered in the
rhizospheres of fruit plantswas below 50%. Hence, itispossible
that the moisture observed in this study did not cause
significant reduction in soil aeration to the point of
compromising the mycorrhizal association in these
environmental conditions. It showed also, that soil moisture
change during different phases of the sporulation and
germination processes as observed by Daniels and Trappe
(12), Koske (28) and Tommerup (58, apud 47).

The relationship AMF colonization and soil moisture may
be associated, also, with the development of the plants root
system due to the increase in the water content of soil (42,45);
with the formation of new roots, there will be a smultaneous
increasein nutrients absorption and liberation of root exsudates,
stimulating mycorrhizal spore germination and subsequent
infection (25,42,45). Oliveiraet al. (45) and Oliveira(42) suggested
also that the tender cortical tissue of new roots may be more
susceptible to infection and colonization by AMF.

Reid and Bowen (49, apud 47) reported that the diameter of
primary roots and the rates of root colonization decreased with
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the reduction in the water content of the soil. Recent evidence
(42,45,46) indicated that elevation in soil moisture can increase
the col onization of some plantsin Amazonian edaphic-climatic
conditions.

According to Maschio et al. (35), AM fungi have
adaptability for colonizing areas that present adverse physical,
chemical and biological conditions, and they depend on
moisture for multiplication. Studies affirm that mycorrhizal
sporulation is linked to better soil moisture conditions (5,42),
which is observed in Fig. 3 and Table 4 as increases in the
numbers of sporesin the rhizospheres of plants asafunction of
increased soil moisture.

Some reports in the literature (9,36,47) indicate that the
colonization process and mycorrhizal sporulation are not always
correlated. For other authors (25,48), when soil conditions are
suitablefor sporegermination, mycorrhizal colonizationincreases
and spore numbers decreases. The linear positive (Table 4) and
quadric terms(Fig. 4) registered here between AMF coloni zation
and spore numbers in the rhizosphere of host fruit species, are
contrary to these observations, could be due to the fact that an
increase in spore numbers in soils with reduced potential of
inoculum by AMF can enhance root colonization before an
expected decrease (negative relationship). This positive
relationshipsregistered here suggest that increasing the soil spore
numbers, also increase the possibility of them to germinate and
to reach host plant roots, beginning therefore, the symbioses
infection process and roots colonization of the host species.

In this experiment, pluvial precipitation and yearly
fluctuations in soil condition, such as soil moisture and some
soil chemical variables had significant effects on the temporal
spore numbers and colonization of AMF fungi in the
rhizospheres of T. grandiflorumand P. cupana. Further research
is needed to determine whether the seasonal patterns observed
in this study was caused by different fungal types and
phenological variations among fungal types or by the seasonal
response of asinglefungustype. Finaly, itisclear that learning
more about the ecology and intricacies of the association is
crutial for attaining a good understanding of AMF formation
and function in Central Amazoniaedaphic-climatic conditions.

RESUMO

Dinamica sazonal de fungos micorrizicos
arbusculares em plantas de Theobroma grandiflorum
Schum e Paullinia cupana Mart. deum sistema
agr oflorestal na Amazodnia Central, Amazonas, Brasil

A dindmica sazona de fungos micorrizicos arbusculares
(FMA) foi investigada na rizosfera de duas espécies frutiferas
em um ecossistemadeterrafirme naAmazonia Central . Adotou-
seo delineamento intel ramente casualizado, em arranjo fatorial 2
X 9, onde os fatores representaram duas espécies frutiferas



(Theobroma grandiflorum e Paullinia cupana) e nove meses
de coleta (agosto, setembro e dezembro/1998, fevereiro, abril,
maio e dezembro/1999, fevereiro e maio/2000), com cinco
repeticdes. O percentual de colonizagdo micorrizicaparaasduas
espéciesatingiu val oresmaximos nos mesesdefevereiroemaio
de 2000 (estagéo chuvosa). Similarmente, nos meses de abril e
maio de 1999, fevereiro e maio de 2000 (estac&o chuvosa) foram
registrados os maiores nimeros de esporos de FMA paraambas
espécies. A precipitacdo pluvial foi significativamente e
positivamente correl acionada com o nimero de esporos paraas
duas espécies, e significativamente correl acionada apenas com
a colonizagdo micorrizica de P. cupana. O teor de umidade do
solofoi positivamente correlacionado com o nimero de esporos
e colonizacdo por FMA para ambas espécies. A colonizagdo
micorrizicae o nimero de esporosde FMA foram positivamente
correlacionados com osteores de Mg e K no solo. O nimero de
esporos foi ainda negativamente correlacionado com a CTC
efetivado solo. A colonizag&o micorrizicae o nimero de esporos
de FMA na rizosfera de P. cupana foram positivamente
correlacionadas com o pH e a concentragéo de Mn no solo. A
colonizacdo micorrizicafoi também positivamente correlacionada
com o numero de esporos de FMA para as duas espécies
avaliadas. Em conclusdo, esse estudo mostrou que tanto a
colonizag&o micorrizica como a esporulagdo sdo sazonais e
dependentes da espécie de planta hospedeira, precipitacdo
pluvial, teor de umidade e da quimicado solo, nas condi¢des da
AmazbniaCentral.

Palavr as-chave: fungos micorrizicos arbuscul ares, Theobroma
grandiflorum, Paullinia cupana, sistema agroflorestal,
AmazoniaCentral
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