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Renato Rosselli Birolli b, Samuel Yun Huh b, Ivana Abonizio Santinoni a,
Letı́cia Sayuri Murate a, Cı́cera Maria Antonia de Castro a,
Marina Yumi Horta Miyauchi a, Waldemar Zangaro c,
Marco Antonio Nogueira a, Galdino Andrade a,*
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a b s t r a c t

The Amazon forest has suffered an accelerated degradation process due to cutting to

implant agricultural systems, pasture and electricity generation projects and disorganized

mining and wood exploitations. The challenge is to develop new technologies for wood

production in agroforestry systems. Schizolobium amazonicum is a legume tree, with fast

growth and its wood is employed to make furniture. More and more areas have been sowed

with S. amazonicum, but this production system is very poor technologically. In the present

paper we proposed to evaluate the effect on the plant growth and plant survival of three

arbuscular mycorrhizal fungi (Glomus clarum, Glomus intraradices and Glomus etunicatum)

associated with three N-fixing bacteria strains (two Rhizobium sp. and one Burkholderia

sp.). Two methods of planting were used: direct sowing or transplantation of seedlings

after initial growth in nursery. G. intrarradices was more effective in plant growth when

inoculated in seed, and the bacteria strains had no effect when inoculated alone or with AM

fungi. However, in seedlings the dual inoculation was more effective. At 210 days Rhi1 and

Rhi2 associated with G. clarum or G. etunicatum increase plant growth. At 390 days G. clarum

associated with LEM6 or Rhi1 increased most of the parameters evaluated, including

biomass and wood production. Direct sowing is the traditional method largely used in

the non-tillage areas and was more ineffective. The presence of microorganisms showed

significant differences when compared with non-inoculated plant. The results suggested

that some microbial combinations were effective in stimulating plant growth, but further

experiments need to be carried out to evaluate which N-fixing bacteria and AM fungi is more

effective for each planting systems for S. amazonicum.
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1. Introduction

The Amazonian forest has suffered an accelerate degradation

process due to cutting to implant agricultural systems, pasture

and electricity generation projects, disorganized mining, and

wood exploitations (Rodrigues et al., 2004). This process began

in the 1960s and has been more intense in recent years, with

the destruction of large areas of primary forest creating a

landscape characterized by forest fragments at different

successive stages, under strong pressure from man and with

serious problems in preserving biodiversity (Vieira et al., 1998;

Gascon et al., 2001).

Schizolobium amazonicum Huber ex. Ducke is a native woody

legume from the Amazonian forest belonging to the Fabaceae

family (subfamily Caesalpinoideae) (APG II, 2003) and is a non-

nodulating tree. S. amazonicum grow fast and it is a big tree (20–

30 m high and 1 m of diameter), occurring in dry land forest

(Ducke, 1949). This legume tree has been replanted in

agroforestry systems that were cleared from primary rain

forest in the 1970s and 1980s in favor of pasture. Today it is an

important source of wood to supply the local industry of wood

sheet for the furniture industry in many countries. The

cultivated areas with S. amazonicum have increased each year,

due to the excellent plant characteristics such as good seed

source in quality and amount, fast growth, wood density and

low disease and pest incidence. In addition, S. amazonicum is a
Table 1 – Effects of PGPR Burkholderia sp. strain (LEM6) and Rhi
Glomus etunicatum and Glomus intrarradices) on steam diameter
(HFL), total number of leaves and biomass of Schizolobium ama

AM fungi

Non-bacteria LEM6

DSS (mm)

Non-AM 28.47 b,A 28.12 a,A

Gc 29.38 b,A 24.80 a,A

Ge 27.70 b,A 30.19 a,A

Gi 36.19 a,A 28.42 a,B

TH (cm)

Non-AM 112.02 a,A 118.82 a,b

Gc 123.02 a,A 97.64 b,B

Ge 112.02 a,A 125.35 a,A

Gi 126.94 a,A 114.22 a,b

HFL (cm)

Non-AM 63.95 a,A 65.32 a,A

Gc 63.45 a,A 59.32 a,A

Ge 70.55 a,A 68.40 a,A

Gi 64.81 a,A 61.25 a,A

No leaves

Non-AM 7.72 a,A 7.85 a,A

Gc 8.21 a,A 7.25 a,A

Ge 7.19 a,A 7.78 a,A

Gi 8.24 a,A 7.80 a,A

Biomass (dm3)

Non-AM 0.82 b,A 0.69 a,A

Gc 0.81 b,A 0.46 a,A

Ge 0.61 b,A 0.83 a,A

Gi 1.72 a,A 0.69 a,B

Means (n = 50) sharing the same letter are not significantly different acco

AM fungi treatments and capital letters compare among bacterial treatm
good C sequester. The dynamic of total above ground biomass

sequestration potential for S. amazonicum plantations ranged

from 134 to 366 tonnes ha�1, considering two different stand

densities (300 and 450 trees ha�1) and using selected biomass

equations and an average biomass expansion factor (BEF) of

1.3 suggested by Brow (1997) for tropical broadleaf plantations.

An average total biomass of about 209 tonnes ha�1 is reached

after 15 years.

The planting system is low tech and needs to be developed

to improve the wood production by S. amazonicum and its

quality. Currently, a few papers are found in the literature

related with wood production. Rondon (2002) studied the

influence of different population density and spacing on plant

growth, and found that the spacing of 4 m � 4 m produced

more biomass. Lima et al. (2003) evaluated different doses of

boron and found that 0.15 mg dm�3 showed more effect on

plant growth. S. amazonicum is largely regenerated by planting

seedling into the soil. Seeds are also used in reforestation but

in small areas when compared with to seedlings areas. Despite

the low fertility conditions of soil, and the small number of

native arbuscular mycorrhiza fungi (AM) propagules, could

influence the survival of seedlings and plant growth in the

field conditions.

Most genera of the Leguminosae family can nodulate and

fix nitrogen, although there are some important exceptions

(Sprent, 2001). However, S. amazonicum is a non-nodulating
zobium strains (Rhi1 or Rhi2) and AM fungi (Glomus clarum,
on soil surface (DSS), total height (TH), height until first leaf
zonicum at 210 days after sowing

Bacteria strains

Rhi1 Rhi2

28.64 a,A 25.47 a,A

31.83 a,A 27.64 a,A

28.15 a,A 27.86 a,A

29.16 a,B 31.13 a,A,B

,A 114.41 a,A 100.23 a,A

132.47 a,A 114.17 a,A,B

114.93 a,A 107.11 a,A

,A 118.17 a,A 123.61 a,A

64.12 a,A 58.88 a,A

64.05 a,A 66.75 a,A

,B 61.84 a,A,B 58.63 a,B

65.05 a,A 64.89 a,A

7.59 a,A 7.02 a,A

8.23 a,A 7.78 a,A

7.80 a,A 7.44 a,A

7.28 a,A 7.68 a,A

0.78 a,A 0.53 a,A

0.97 a,A 0.68 a,A

0.68 a,A 0.64 a,A

0.76 a,B 0.90 a,B

rding to Tukey HSD test (P < 0.05). The small letters compare among

ent.
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legume tree, but would benefit from microbial interaction

besides Rhizobium. Other microorganisms may also benefit

plants by means of free-living nitrogen fixation, phosphate

solubilization or phytohormones production (Artusoon et al.,

2006). Some of these microorganisms are bacteria so-called

plant-growth promoting rhizobacteria (PGPR) (Artusoon et al.,

2006; Dobbleare et al., 2003) and are able to stimulate plant

growth mainly due to phytohormones production.

AM fungi are of widespread occurrence and may represent

the natural status of most tropical plant species especially in

the successive groups such as pioneer and early secondary

(Zangaro et al., 2003). Furthermore, legume trees can establish

mutual symbiosis with AM fungi, which may result in

reciprocal transfer of P from the fungus to the plant in

exchange for carbon from the plant to the fungus and
Fig. 1 – Effect of PGPR bacteria, Burkholderia sp. strain (LEM6)

and Rhizobium strains (Rhi1 or Rhi2) and AM fungi (Glomus

clarum, Glomus etunicatum and Glomus intrarradices) on

Schizolobium amazonicum at 210 days after sowing: (A)

survival and (B) wood production. Bar represent the stand

error of mean values (n = 50). Means sharing different

letters are statistically different at P < 0.05 by Tukey HSD

test.
improved growth of tropicalwoody leguminous plants (Zangaro

et al., 2003). Dual inoculation of legume trees with rhizobia or

other plant growth promoting bacteria and AM fungi can

increase plant growth (Abd-Alla et al., 2000). In Brazil, Franco

and Faria (1997) have studied nodulation and mycorrhizal

association in legume trees to restore vegetation in poor or

depleted soils with the goal of restoring their fertility. However,

little information is available about symbiotic relationships of

dual inoculation in native Brazilian legume trees, especially S.

amazonicum a non-nodulating legume tree.

The aim of our study was to investigate the interaction

between nitrogen fixing bacteria and AM fungi and their

effects on plant growth and wood production of S. amazonicum

in a field conditions at the Southeastern of Pará State.
2. Materials and methods

2.1. Experimental design

The experiment was carried out at Dom Eliseu County—Pará

State from January 2005 to February 2006. The climate in the

region is characterized as hot and wet with a dry period in the

winter and a rainy summer (Köeppen climatic type is AM). The

mean rainfall varies from 1800 to 2300 mm. The soil in the

experimental area is a Xanthic Ferralsol according to the FAO

(1994) classification, ‘Latossolo Amarelo’, according to Brazi-

lian classification. The original vegetation in the study area

was cleared from primary rain forest in 1970s until 1980s in

favor of pasture, and this area was abandoned, and secondary

growth began to develop. In 2003, the secondary growth was

cut and burned and the area has since then been used for

experiments and planting of S. amazonicum.

Two plantation systems (seed and seedlings) were

assessed. In each system, three N-fixing bacteria [Rhizobium

sp. strain BR4406 (Rhi1), Rhizobium sp. strain BR4407 (Rhi2) and

Burkholderia sp. strain (LEM6)] and three AM fungi [Glomus

clarum (Gc), Glomus etunicatum (Ge) and Glomus intrarradices (Gi)]

with five blocks (16 m � 160 m) were assessed. The treatments

in each block were arranged in a completely random design (3

N-fixing bacteria strains � 3 AM fungi) and their respective

controls. Each block was composed by four rows and each

rows had forty plants that corresponded to four treatments

per row with ten plants. The plants were arranged in spaces of

4 m � 4 m among plants and rows; between block the space

was 8 m.

In this experiment the parameters evaluated were dia-

meter at soil surface (DSS), total height (TH), height of until the

first leaf (HFL), number of leaves, biomass (area. breast height.

0.80), survival (%) and wood production (biomass. % death. 2.5).

Data were evaluated by analyses of variance (ANOVA). The

Tukey’s Honest significant difference (HSD) tests were

performed at P � 0.05 level of probability.

2.2. Substrate and plant

The soil in the experimental area is Xanthic Ferralsol with the

following chemical composition: pH (CaCl2) 4.8; H + Al

2.9 cmolc dm�3, Al3+ 0.2 cmolc dm�3; Ca2+ 3.3 cmolc dm�3,

Mg2+ 1.0 cmolc dm�3, K+ 0.24 cmolc dm�3; P 10.0 mg dm�3, C
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19.0 g dm�3; S-SO4
2� 4.2 mg dm�3, Na+ 4.0 mg dm�3, B

0.3 mg dm�3, Fe2+ 99.0 mg dm�3, Mn 7.3 mg dm�3, Cu

0.2 mg dm�3 and Zn 3.0 mg dm�3.

The seeds of S. amazonicum were collected at the native

forest at the Pará state where the tree occurs naturally. Before

sowing the seeds were scarified in one extremity by mechan-

ical worn. In the seed system, two seeds were sown in each

well and thinned one seedling after 1 month. For the seedling

system one 30 days-old plantlet (cultivated in a nursery in

plastic bags with 1000 mL with non-sterile soil) was planted

before taken out of the plastic bag.

2.3. Bacteria inoculum

The bacterial strains used as inoculum were two Rhizobium sp.

isolated from nodules of legume tree (BR4406 and BR4407)

supplied by EMBRAPA—Agrobiologia collection and one free

living N-fixing Burkholderia sp. strain from our own collection

named LEM6 (Albino et al., 2006).

The strains of Rhizobium sp. were grown in Petri dishes with

TY media (Stanghelli et al., 1977) and the Burkholderia sp. strain

in Nfb media (Döbereiner and Day, 1976). The bacterial strains

were inoculated and incubated at 28 8C 72 h�1. In the field,

bacteria were re-suspended in sterile saline solution (NaCl

0.85%) plus carboximethylcellulose (0.5%). The final cell
Table 2 – Effects of PGPR Burkholderia sp. strain (LEM6) and Rhi
etunicatum and G. intrarradices) on steam diameter on soil surfa
number of leaves and biomass of S. amazonicum at 390 days a

AM fungi

Non-bacteria LEM6

DSS

Non-AM 57.22 b,A,B 62.64 a,b

Gc 64.30 a,b,A,B, 56.89 b,B

Ge 63.23 a,b,A 64.74 a,A

Gi 66.38 a,A 66.38 a,A

TH (cm)

Non-AM 292.51 b,A,B 318.76 a,b

Gc 353.70 a,A 302.03 b,A

Ge 349.18 a,A 358.02 a,A

Gi 364.97 a,A 357.21 a,A

HFL (cm)

Non-AM 134.00 a,A,B 124.28 b,A

Gc 147.03 a,A 143.52 a,b

Ge 149.70 a,A 158.70 a,A

Gi 155.44 a,A 156.70 a,A

N leaves

Non-AM 17.28 b,B 21.33 a,A

Gc 22.72 a,A 20.10 a,A

Ge 22.12 a,A 21.94 a,A

Gi 22.95 a,B 22.67 a,A

Biomass (dm3)

Non-AM 7.57 b,A,B 8.61 a,b

Gc 10.03 a,b,A,B 7.06 b,B

Ge 9.42 a,b,A 10.12 a,b

Gi 11.08 a,A 10.70 a,A

Means (n = 50) sharing the same letter are not significantly different acco

AM fungi treatments and capital letters compare among bacterial treatm
concentration for each bacteria inoculum was approximately

1010 colony forming unit (CFU mL�1) adjusted by visual

comparison between CaCO3 solution standard and cells

suspension for each strain. The seeds were inoculated before

sowing by immersion in a bacterial suspension and seedlings

were inoculated with 10 mL of the same bacterial suspension

around the plant after planted.

2.4. AM fungi inoculum

Three AM fungi, were used as inoculumG. clarum,G. etunicatum

andG. intrarradices. All inocula are from our own collection and

are maintained in pots with Brachiaria decumbens as host

plants. Ten grams of inoculum were added in the wells

containing colonized roots, spores and mycelia before seed

and plantlet were planted. After adding the inoculum, it was

covered with a soil layer (approximately 2 cm) and then the

sowing began.
3. Results

In spite of the fact that the measures were made monthly, we

are showing the last two evaluations which correspond to 210

and 390 days after the experiment’s installation.
zobium strains (Rhi1 or Rhi2) and AM fungi (G. clarum, G.
ce (DSS), total height (TH), height until first leaf (HFL), total
fter sowing

Bacteria strains

Rhi1 Rhi2

,A 61.97 a,A 52.97 b,B

68.82 a,A 64.05 a,A,B

64.57 a,A 61.86 a,A

64.32 a,A 65.09 a,A

,A,B 337.53 b,A 273.23 a,B

395.38 a,A 340.61 a,A

357.03 a,b,A 312.92 a,A

352.92 a,b,A 368.23 a,A

146.46 a,A 112.50 b,B

,B 171.10 a,A 148.35 a,A,B

152.07 a,A 141.44 a,A

150.69 a,A 159.71 a,A

21.11 a,A 17.46 b,A

23.30 a,A 21.55 a,A

21.96 a,A 21.04 a,A

21.48 a,A 21.80 a,A

,A,B 9.44 a,A 6.38 b,B

12.67 a,A 9.70 a,b,A,B

,A 10.13 a,A 8.62 a,b,A

10.04 a,A 10.91 a,A

rding to Tukey HSD test (P < 0.05). The small letters compare among

ent.



Fig. 2 – Effect of PGPR bacteria, Burkholderia sp strain (LEM6)

and Rhizobium strains (Rhi1 or Rhi2) and AM fungi (G.

clarum, G. etunicatum and G. intrarradices) on S.

amazonicum at 390 days after sowing: (A) survival and (B)

wood production. Bar represent the stand error of mean

values (n = 50). Means sharing different letters are

statistically different at P < 0.05 by Tukey HSD test.
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After 210 days of sowing, plants inoculated with G.

intrarradices without bacteria showed greater DSS when

compared with others treatments and no significant differ-

ences were observed in TH. On the other hand, plants

inoculated with G. etunicatum without bacteria showed higher

HFL when compared with G. etunicatum associated with Rhi2

strain, but no differences were observed among AM fungi

treatments (Table 1). There were no differences on the number

of leaves, but plants inoculated only with G. intrarradices had

the biggest biomass when compared with other treatments

(Table 1). All treatments had more survival when compared

with control, except for plants inoculated with G. clarum plus

LEM6, which did not differ from the control (Fig. 1A). Plants

inoculated withG. intrarradices and with an absence of bacteria

showed the best wood production when compared with the

other treatments (Fig. 1B).

At 390 days after sowing the DSS, only G. intrarradices

without bacteria differs to the control, and in the others

treatments with dual inoculation, LEM6 strain plus G.

etunicatum and G. intrarradices did not differed to the control

but was bigger than G. intrarradices with LEM6. The strain Rhi2

plus AM fungi showed more DSS when compared with control.

AM fungi alone increased TH when compared with control

plants. When the bacteria and AM fungi were present, G.

clarumplus LEM6 decreased TH when compared with other AM

and LEM6. With Rhi1 strain, the interaction with AM fungi

increased TH. On the other hand the interaction with AM fungi

and Rhi2 did not show any effect on TH. When bacteria were

inoculated, with or without AM fungi, no differences were

found when compared with the control, except for Rhi1 strains

which stimulated total height when co-inoculated with G.

clarum. HFL was stimulated when the AM fungi and LEM6 or

Rhi2 were co-inoculated. The interaction between bacteria

and AM species did not affect the number of leaves. However,

all species of Glomus and all bacterial strains showed effect on

leaves numbers when they were inoculated alone. Biomass

was still increased by G. intrarradices inoculated alone, but at

390 days this AM species also improved biomass when

interacting with Rhi2 (Table 2). Plant survival showed the

same results observed at 210 days, where non-inoculated

plants and G. clarum plus LEM6 treatment showed the lowest

level of survival when compared with other treatments

(Fig. 2A). Also, the same tendency was observed in wood

productivity, where the three treatments caused less wood

production at 210 days, with the same effect at 390 days

(Fig. 2B).

In the areas where seedlings were employed, the treat-

ments showed different effects when compared with seeds. At

210 days, the DSS of seedlings was not influenced by AM fungi,

but when plants where inoculated with G intrarradices plus

Rhi1, they showed significant differences when compared

with the non-AM plants. In TH and HFL no differences were

observed at this time and no differences were observed in the

number of leaves. In relation to Biomass, only the dual

inoculation G. intrarradices plus Rhi1 increased biomass when

compared with G. intrarradices plusLEM6 (Table 3). Plant

survival was increased by G. etunicatum plus Rhi1 and G.

intrarradices plus Rhi2 when compared with non-inoculated

plants. Seedlings inoculated with G. clarum plus LEM6 strain

showed lower plant survival than was observed when using
seeds (Fig. 3A). At 210 days the wood productivity did not show

significant differences among treatments when compared

with control in seedlings planted area (Fig. 3B).

In contrast to what occurred in the sowed area, where the

treatment with G. clarum plus LEM6 did not show any

stimulatory effect, and in some cases had suppressive effects,

in plantlet at 390 days the DSS of plants inoculated with G.

clarum plus LEM6 showed significant differences when

compared with bacteria control. Also, the same treatment

had significant differences in TH and HFL when compared

with the bacteria control. Again, G. etunicatum, when co-

inoculated with LEM6, increased the number of leaves, when

comparing with the non-AM plants. The plant biomass was

also increased by G. clarum plus LEM6 (Table 4). The seedlings

survival had not significant differences (Fig. 4A) and wood

production was increased only in plants inoculated with G.

clarum and Rhi1 (Fig. 4B), in composition to plants inoculated

with G. clarum or Rhi1 separately.



Table 3 – Effects of PGPR Burkholderia sp strain (LEM6) and Rhizobium strains (Rhi1 or Rhi2) and AM fungi (G. clarum, G.
etunicatum and G. intrarradices) on steam diameter on soil surface (DSS), total height (TH), height until first leaf (HFL), total
number of leaves and biomass of S. amazonicum at 210 days after seedling planting

Bacteria strains

AM fungi Non-Bacteria LEM6 Rhi1 Rhi2

DSS (mm)

Non-AM 30.68 a,A 26.71 a,A 26.75 b,A 29.30 a,A

Gc 26.63 a,A 30.61 a,A 32.24 a,b,A 29.21 a,A

Ge 31.06 a,A 28.81 a,A 31.29 a,b,A 30.64 a,A

Gi 28.86 a,B 25.54 a,B 36.58 a,A 28.74 a,B

TH (cm)

Non-AM 132.55 a,A 106.37 a,b,A 113.06 a,A 110.41 a,A

Gc 111.52 a,A 132.87 a,A 135.02 a,A 119.16 a,A

Ge 136.57 a,A 123.30 a,b,A 128.24 a,A 118.86 a,A

Gi 114.43 a,A 101.83 b,A 115.55 a,A 117.76 a,A

HFL (cm)

Non-AM 71.74 a,A 64.27 a,A 71.36 a,A 64.41 a,A

Gc 67.65 a,A 75.68 a,A 72.78 a,A 72.67 a,A

Ge 71.34 a,A 68.21 a,A 74.79 a,A 68.50 a,A

Gi 66.13 a,A 66.25 a,A 76.08 a,A 69.64 a,A

No leaves

Non-AM 8.16 a,A 7.78 a,A 7.57 a,A 8.05 a,A

Gc 7.13 a,B 8.06 a,A,B 8.89 a,A 7.90 a,A,B

Ge 8.34 a,A 9.04 a,A 8.28 a,A 8.44 a,A

Gi 7.94 a,A 7.38 a,A 7.27 a,A 8.64 a,A

Biomass (dm3)

Non-AM 0.99 a,A 0.60 a,A 0.67 a,A 0.81 a,A

Gc 0.63 a,A 1.08 a,A 1.09 a,A 0.78 a,A

Ge 1.00 a,A 0.74 a,A 1.01 a,A 0.88 a,A

Gi 0.79 a,A,B 0.55 a,B 1.17 a,A 0.74 a,A,B

Means (n = 50) sharing the same letter are not significantly different according to Tukey HSD test (P < 0.05). The small letters compare among

AM fungi treatments and capital letters compare among bacterial treatment.

a p p l i e d s o i l e c o l o g y 3 9 ( 2 0 0 8 ) 1 4 4 – 1 5 2 149
4. Discussion

Soil erosion and disturbance results in reduction of microbial

community including AM propagules which can be critical for

plant growth because AM symbiosis and others microorgan-

isms are key biological components in a tropical rainforest

ecosystem (Matsumoto et al., 2005). A low density of AM

propagules normally limits the establishment of native plants

and plant growth. Regarding to S. amazonicum, it was necessary

to use effective and ineffective AM fungi and N-fixing bacteria,

in order to enhance the ability of the plant to become

established and to cope with stress situations such as nutrient

limitation and/or imbalance.

Specific rhizospheric microorganisms are also important

and can play a relevant role in promoting root growth and

mycorrhizal development, facilitating plant performance in a

tropical agroforestry system. This could be critical for optimal

establishment of plants in these areas (Patreze and Cordeiro,

2004; Zangaro et al., 2003). Nevertheless, there are few reports

describing the beneficial effects of PGPR on performance of

woody legumes in tropical agroforesty systems.

The different methods used for sowing showed differences

on plant growth when we compared the treatments. When

seeds were inoculated the AM fungi was more efficient to

improve plant growth than N-fixing bacteria, similar results

were also observed when dual inoculation was employed. In
nursery conditions, Patreze and Cordeiro (2004) found differ-

ent responses to the inoculation of AM fungi and Rhizobium in

three species of woody tropical legume. In the same study, the

authors suggested that specific species of AM fungi should be

selected to use in a dual inoculation with Rhizobium to

stimulate plant growth. In the area in which seeds were

employed for reforestation, the most effective AM fungi

inoculum in all parameters evaluated was G. intrarradices

inoculated alone.

In the area reforested with seedlings, the treatment

showed different effects when compared with our observa-

tions in the sowing method. In this system plantation, the dual

inoculation showed to be more effective. In this case, G.

intrarradices increased DSS and plant survival, only when co-

inoculated with Rhi1 and Rhi2, respectively. In seedling area,

G. clarum and G. etunicatum also improved plant growth, but

always associated with the Rhizobium strains at 210 days and

LEM 6 and Rhi1 at 390 days.

The differences found between planting systems is very

interesting, because the results indicated that effectiveness of

bacterial and/or AM fungi inoculum depends on how the

system is used. Despite the fact that S. amazonicum is a non-

nodulating legume and, Rhizobium is a symbiotic bacterium,

that in many cases may act as PGPR (Galleguillos et al., 2000;

Valdenegro et al., 2001). On the other hand, the free living N-

fixing bacteria LEM 6 strain (Burkholderia sp.) increased tree



Fig. 3 – Effect of PGPR bacteria, Burkholderia sp. strain (LEM6)

and Rhizobium strains (Rhi1 or Rhi2) and AM fungi (G.

clarum, G. etunicatum and G. intrarradices) on S.

amazonicum at 210 days after seedlings planting: (A)

survival and (B) woody production. Bar represent the stand

error of mean values (n = 50). Means sharing different

letters are statisticaly different at P < 0.05 by Tukey HSD

test.

Fig. 4 – Effect of PGPR bacteria, Burkholderia sp. strain (LEM6)

and Rhizobium strains (Rhi1 or Rhi2) and AM fungi (G.

clarum, G. etunicatum and G. intrarradices) on S. amazonicum

at 390 days after seedlings planting: (A) survival and (B)

woody production. Bar represent the stand error of mean

values (n = 50). Means sharing different letters are

statisticaly different at P < 0.05 by Tukey HSD test.
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growth in field conditions, and the similar results were also

observed in other woody species (Heinonsalo et al., 2004) and

rice (Raimam et al., 2007) in green-house conditions. The

positive effects on plant growth observed in seedling

reforested area by bacterium inoculation should be involved

with the presence of roots which improve nutrients into the

rhizosphere microcosm, and support the establishment of

bacterial inoculum (Andrade, 2004). It is largely known that

roots exude supply nutrients to the microbial community and

AM fungi influence its composition both qualitative and

quantitatively (Andrade et al., 1997, 1998). It is probable that

the presence of roots and AM fungi improved the bacterial

inoculum efficiency, as we found in the area reforested with

seedlings. Also, positive impacts of dual inoculation have been

demonstrated in forest tree species in Philippines (De La Cruz
et al., 1988), India (Khan and Uniyal, 1999) and Kenya (Munro

et al., 1999).

The bacteria strains population probably decreased or

disappeared during the time of the experiment, but the effect

observed in bacteria treatment every time was associated with

AM inoculation. This fact suggested that AM effect is more

representative than bacteria effect, and certainly the mycor-

rhizosphere effect was involved and stimulated indigenous

bacteria population. The mycorrhizosphere effect change

exudates and improve the activity of microbial community

around the AM roots (Linderman, 1988), this effect could be

involved on the plant growth observed in the S. amazonicum in

a field conditions.

When plants are inoculated, the methods of cultivation, the

bacterium inoculum and mycorrhizal symbiosis status can



Table 4 – Effects of PGPR Burkholderia sp strain (LEM 6) and Rhizobium strains (Rhi 1 or Rhi 2) and AM fungi (G. clarum, G.
etunicatum and G. intrarradices) on steam diameter on soil surface (DSS), total height (TH), height until first leaf (HFL), total
number of leaves and biomass of S. amazonicum at 390 after seedling planting

AM fungi Bacteria strains

Non-bacteria LEM6 Rhi1 Rhi2

DSS (mm)

Non-AM 63.79 a,A 58.83 a,A 63.65 a,A 60.20 a,A

Gc 57.51 a,B 66.62 a,A 65.66 a,A,B 62.39 a,A,B

Ge 64.46 a,A 64.60 a,A 65.66 a,A 62.39 a,A

Gi 64.14 a,A 61.62 a,A 61.44 a,A 63.40 a,A

TH (cm)

Non-AM l 358.36 a,A 320.81 b,A 354.00 a,A 305.77 a,A

Gc 303.45 b,B 382.81 a,A 369.54 a,A,B 351.00 a,A,B

Ge 370.40 a,A 367.82 a,b,A 341.91 a,A 357.96 a,A

Gi 354.60 a,b,A 327.73 b,A 341.16 a,A 342.87 a,A

HFL (cm)

Non-AM 162.10 a,b,A 138.39 b,A 153.10 a,A 137.18 a,A

Gc 144.74 b,B 173.48 a,A 174.82 a,A 156.63 a,A,B

Ge 172.73 a,A 162.17 a,b,A 155.83 a,A 163.17 a,A

Gi 159.30 a,b,A 144.56 b,A 149.25 a,A 156.62 a,A

N leaves

Non-AM 22.90 a,A 18.45 b,A 21.15 a,A 18.40 a,A

Gc 19.41 a,A 23.44 a,b,A 21.57 a,A 21.77 a,A

Ge 21.33 a,A 24.07 a,A 24.81 a,A 22.55 a,A

Gi 21.50 a,A 19.86 a,b,A 22.51 a,A 21.34 a,A

Biomass (dm3)

Non-AM 10.03 a,A 8.03b A 9.32 a,A 7.90 a,A

Gc 7.08 a,B 11.97 a,A 11.53 a,A 9.51 a,A,B

Ge 10.77 a,A 10.52 a,b,A 9.64 a,A 10.97 a,A

Gi 10.23 a,A 8.67 a,b,A 9.07 a,A 9.46 a,A

Means (n = 50) sharing the same letter are not significantly different according to Tukey HSD test (P < 0.05). The small letters compare among

AM fungi treatments and capital letters compare among bacterial treatment.
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affect the success of plant establishment, particularly when

the trees are destined to tropical low fertility soils in

agroforesty systems.

We suggest previous testing to check microbial efficiency

for each woody species to select the most efficient micro-

organisms to improve plant growth. To achieve these aims,

previous testing with selected microorganisms with specific

soils and plants is needed. The growth-stimulating effect of

combined microbial inoculations can be much greater than

individual inoculants.
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