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ABSTRACT 
 

Aims: Little is known about the Arbuscular mycorrhizal Fungi (AMF) inoculation effects on the initial 
development of Parkia sp. and phosphorus nutritional needs. This study aimed to evaluate the effect 
of the AMF inoculation in different phosphorus doses on initial Parkia nitida growth of.  
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Study Design: The study was carried out in a completely randomized design in a 5x2 factorial 
scheme (5 doses of phosphorus in the absence and presence of AMF inoculation). Inoculation was 
done by applying 5 ml of inoculum soil containing a mix of spores (70 spores/m) of the species 
Acaulospora longula, Acaulospora morrowiae, Dentiscutata heterogama and Paraglomus occultum.  
Place and Duration of Study: Experiment occurred at the Amazonas Federal Institute of 
Education, Science and Technology - Campus Lábrea (7°15'02.9"S 64°47'05.5"W) between January 
2017 and December 2017.  
Methodology: The variables analysed were the Survival Rate (SR), height (h), lap diameter (d), 
Seedling Quality Index (h/d), leaflet area (LFA), leaflet number (LFN), shoot dry mass (SDM), dry 
mass of the root (DMR), DMPA/DMR ratio, total dry mass (TDM) and Dickson Quality Index (DQI).  
Results: The variables h and h/d were significant (P=.05) for the interaction between factors only for 
the treatment without inoculation. It was not possible to determine the appropriate phosphorus dose 
for the Parkia nitida seedlings production. However, aerial part of the seedlings positively responded 
to the phosphorus doses increase.  
Conclusion: Inoculation did not show significant results in the experimental conditions as well as in 
the phosphorus interaction. 

 
 
Keywords: Amazonian wood; degraded areas; dormancy breaking; Faveira-pé-de-arara. 
 

1. INTRODUCTION  
 
One of the greatest difficulties for the Amazonian 
tree species use in agroforestry systems, 
afforestation, restoration and recovery of 
degraded areas, is to obtain seedlings on 
commercial scale presenting good quality. Parkia 
nitida, popularly known as “Faveira-branca”, is a 
neotropical tree of great economic and ecological 
importance [1], a leguminous tree, can be 
considered a specie with great potential to 
achieve several of these goals. Parkia nitida 
(Fabaceae Mimosoideae). 
 
The species that occurs in Brazil is frequent in 
the Amazon and Central Region of the country, 
in “terra firme” forests and high varzeas of clay 
soils [2]. It is a large tree that can reach up to 40 
m in height, being widely distributed from 
southern Panama to the central region of the 
Amazon [1].  Due to the great economic and 
ecological interest, Parkia nitida is recommended 
for reforestation and recovery of degraded areas 
[3]. 
 
For degraded areas, leguminous tree species are 
prominent because they present rapid growth 
and, in association with nitrogen-fixing bacteria, 
can supply a large amount of this nutrient [4].  In 
regions such as the Amazon South where the 
difficulty in acquiring fertilisers and correctives 
limits regional development, having the 
possibility of producing vigorous seedlings and 
with local resources can change such reality. The 
classes of soils of prominence in the Amazon are 
classified as Latosols, Argisols, Plinthosols and 

Spodosols [5]. Soils are generally acidic and 
nutrient poor, mainly phosphorous (P). Acidity 
correction is performed by liming, but logistical 
difficulties and cost make this soil management 
practically unfeasible in the region. Phosphorus 
is an integral component of important plant cell 
compounds, including phosphate-intermediate 
sugars from respiration and photosynthesis, as 
well as the phospholipids that make up the cell 
membrane and nucleic acids [6]. Phosphorus is a 
critical element for food production systems, 
manufacturing industries and general economic 
growth, generating long-term supply insecurity 
concerns for regional and national economies  
[7].  
 
Arbuscular mycorrhizal fungi (AMF) belong to 
Glomeromycota phylum and are associated with 
the majority of vascular plants [4]. According to 
Ribeiro et al. [8] AMF are ecologically significant 
because they contribute to relationships in and 
on the roots of the plant in a symbiotic 
association. When associated with plants roots, 
they increase their exploitation area, influencing 
their capacity to absorb water and nutrients, 
especially those with low mobility such as 
phosphorus [9], promoting greater resistance to 
biotic and abiotic stress, therefore, the plant 
provides AMF with soluble carbon sources and 
AMD provides the plant with an increased 
capacity to absorb more water and nutrients from 
the soil. Therefore, according to Kapulnik et al. 
[10] AMF increases plant resistance to stress, 
enhancing productivity and sustainability of 
crops, especially under prolonged stress 
conditions, like drought.  
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The quality of seedlings produced is a major 
factor for the success of forest stands [11]. The 
benefits of symbiosis for seedlings depend on 
the specific combination between fungal isolate 
and cultivated plant [12]. It is widely accepted 
that seedlings mycorrhization favors its nursery 
initial growth and its field adaptation and 
establishment [13], especially the perennial, like 
the fruit trees [14]. Mycorrhizal inoculation is 
generally more efficient than the use of high 
fertility substrate to promote plant growth and 
reduce stress after transplant and may also act 
as biological control.  
 
As a result, the use of mycorrhizal fungi is an 
alternative for the optimisation of fruit tree 
seedlings, since it allows seedling formation time 
reduction, increasing nursery productivity, 
rotation in the occupation of infrastructure and 
the efficiency of specialised staff [15]. However, 
little is known about Parkia nitida nutritional 
requirements and ecological relationships, such 
as their ability to form symbioses with fungi from 
Glomeromycota phylum [13]. 
 

In the Amazonian environment P has low 
availability, since both the forest and the soil are 
drains. The tropical forest has 54.5 kg ha-1 of P 
immobilised in its biomass, with cycling values of 
the order of 17 kg ha-1 [16]; this balance is also 
derived from interactions and biological activities 
and these are essential for the maintenance of 
the climactic situation of the vegetation [17]. One 
of the biological factors directly linked to this 
success are the Arbuscular Mycorrhizal Fungi 
(AMF). This is in line with the research by Ribeiro 
et al. [8] where AMF application increased leaf 
and maize ear ratio generally and a decrease in 
stem ratio. Therefore, strategies aimed at 
maximising fertilisation are recommended with 
the use of arbuscular mycorrhizal fungi. 
Typically, higher concentrations of P in soil inhibit 
fungal colonisation in the roots and lower 
concentrations, instead, favour colonisation 
according to Smith et al. [18]. Thus, the highest 
values of colonisation by fungi are found in the 
roots submitted to soils of low concentration of P 
in the applied nutrient solution, in comparison to 
the treatment with high level of P. 

 

Considering the logistical difficulties of southern 
Amazonas, the study sought to present a new, 
efficient and inexpensive way of producing 
seedlings in nursery, specifically Parkia nitida, 
which represents, besides a cheap solution, also 
has great potential for the recovery of degraded 

areas. Therefore, this study aimed to evaluate 
the effect of inoculation with Arbuscular 
Mycorrhizal Fungi in different doses of 
phosphorus on the initial growth of Parkia nitida 
in southern Amazonas.   

 

2. MATERIALS AND METHODS  
 

The study was conducted in southern Amazonas, 
Lábrea municipality, which has a total area of 
6,000 ha [19]. Experimental conduction occurred 
at the Amazonas Federal Institute of Education, 
Science and Technology - Campus Lábrea (7 ° 
15'02.9 "S 64 ° 47'05.5" W). 

 

Seedlings substrate was obtained through the 
mixture of soil, sand and semi-composite 
sawdust in the ratio of 5:3:2 (v/v) trait adapted 
from Santos et al. [20], previously sieved with a 4 
mm mesh to homogenise. Sand originated from 
the Purus River and the sawdust was obtained 
from a local logging. 

 

The soil used was classified according to the 
Brazilian Soil Classification System [21] as Flavic 
Type 2 Neosol (average texture = 35% clay, 50% 
silt and 15% Sand) with the following analytical 
results: pH 4.2; K: 17.10 mg.dm-3; P: 1.07 
mg.dm-3; Ca: 0.25 cmol.dm-3; Mg: 0.09 cmol.dm-

3; Al: 3.20 cmol.dm-3; H+Al: 18.73 cmol.dm-3; SB: 
0.38 cmolc.dm-3; t: 3.58 cmolc.dm-3; T: 19.11 
cmolc.dm-3; V: 2.01 %, m: 89.39 %; O.M: 2.58 
dag.kg-1; P-rem: 8.31 mg.L-1; Zn: 0.10 mg.dm-3; 
Fe: 227.22 mg.dm-3; Mn: 0.91 mg.dm-3; Cu: 0.23 
mg.dm-3; B: 0.12 mg.dm-3; S: 224 mg.dm-3 and 
the extractor was Mehlich 1 (P – Na – K – Fe – 
Zn – Mn – Cu). 

 

The correction was performed considering 
raising saturation to 50% using dolomitic 
limestone with relative total neutralisation of 
92.54% following literature recommendations [8]. 
After this procedure, substrate was 
homogenised. In the fertilisation, granulated 
super-phosphate (P2O5) was used in 5 
concentrations as follows: 0, 20, 40, 80 and 160 
mg of P2O5 L-1 substrate, according to literature 
[22]. 

 

Arbuscular mycorrhizal fungi spores samples 
were obtained in soils collected in a Brazil-nut 
tree Bertholletia excelsa dominated forest 
fragment, located at the Transamazônia Highway 
(7 ° 28'15.3 "S 64 ° 39'26.3" W). Arbuscular 
mycorrhizal fungi spores were extracted        
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through wet sieving method [23]. Spores were 
conditioned in sterilised soil in 3 kg culture pots, 
aiming to its multiplication for an 8 month period 
[24]. 
 

Seed dormancy breaking was adapted from  
Brito et al. [25]. Mechanical scarification was 
performed using abrasive rotary grinding wheel 
coupled to a bench-mounted hand drill with a 
transverse insertion in the seed. This procedure 
results in a small removal of part of the tegument 
laterally related to the thread until reaching the 
primary endosperm. Subsequently, they were 
soaked in water for 24 hours for the activation of 
germination enzymes [26,27]. 

 

The sowing occurred in two 200 and three 128 
cell trays, filled with sand less than four 
millimeters in size and covered with black 
shading screen with 50% luminosity at a height 
of 10 cm in relation to the tray surface. Irrigation 
took place over 10 days at intervals of 10 hours 
each day, after which the seedlings were 
immersed in water to facilitate the trays removal, 
avoiding roots damage. These were selected and 
pruned, leaving only five centimeters in roots 
length. 
 

Germination of Parkia nitida is epigeal type and 
phanerocotiledonar [28]. The substrate used for 
this stage was adequate, as observed for 
arboreal legume [29], the shading maintained 
adequate moisture and solar incidence. A total of 
494 seedlings were obtained, representing 63% 
of the seeds used. There was no significant 
difference between the trays types. Germination 
rate for 10 days was close to values obtained by 
the regression model observed by Cruz et al. [28] 
using a similar method of scarification for 
dormancy breaking. Seedlings present desirable 
phenotypic characteristics. Propagation of 
nursery seedlings exceeds the direct germination 
rates previously observed [30] even for high 
rates. 
 

A total of 300 plastic bags (18x25 cm) were 
prepared with 1 L of substrate for seedlings. 
Sixty seedlings plastic bags were fertilised for 
each dose of P2O5, half of which was inoculated 
with Arbuscular Mycorrhizal Fungi and the other 
half remained inoculum-free. 

 

Transplanting was done to 6 cm depth pits and 
the roots of the seedlings were pruned to 5 cm 
for standardisation. Inoculation was carried              
out in the pit, trait adapted from the research by 

Meir et al. [31] through the application of 5 ml 
inoculum soil (colonised roots, pieces of hyphae, 
spores and soil), containing a mixture of 
Acaulospora longula, Acaulospora morrowiae, 
Dentiscutata heterogama e Paraglomus 
occultum spores (70 spores.ml-1). 

 

The substrate used to produce the seedlings 
showed to be permeable and slightly hard. The 
permeability was due to the introduction of the 
sand trace and the hardness was related to the 
clay type of the soil used. Normally, the 
substrates used in the production of seedlings 
(coffee and fruit) have 30% of manure as an 
increase to organic matter. Proportion adaptation 
[32] of 20% of organic matter was used, in this 
case from sawdust that did not undergo chemical 
and/or physical characterisation, which makes 
inferences about the degree of natural 
degradation impossible and it can acidify the 
substrate besides having tannins that can affect 
the symbiosis. However, the production of 
seedlings in a conventional way largely uses 
sawdust and, in the Amazon region, closer to the 
cities, it is a co-product with great availability, 
which does not occur with animal manures. 

 

The effect of AMF in interaction with the dose of 
P2O5 was evaluated by the inoculation of half of 
the seedlings, while the other half was not 
inoculated. In order to evaluate the different 
concentrations of phosphorus in the mycorrhizal 
process, the work was carried out based on 
previously experiment by Alves et al. [11], with 5 
treatments in relation to the P, as follows: T1 – 
control, without addition of P2O5; T2 - addition of 
20 mg.L-1 P2O5 content; T3 - addition of 40 mg.L-1 
P2O5  content; T4 - addition of 80 mg.L-1 P2O5 
content, and T5 - addition of 160 mg.L-1 P2O5 
content. 
 

Experimental design was done in randomized 
blocks, with factorial scheme 5x2, in the 
presence and absence of AMF, with five 
variations in the phosphorus dose with 30. Each 
plot was constituted by one seedling with thirty 
repetitions. 
 

Data were collected by evaluating the height (h), 
leaf area (LA), shoot dry mass (SDM), dry mass 
of the root (DMR) and total dry mass (TDM) [33]. 
 

At the end of the experiment, aerial part and the 
root system were separated to determine the dry 
matter biomass (n=60). Samples were packed in 
paper bags and then dried at 70ºC/48h (forced 
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air circulation drying oven). To obtain the SDM 
and DMR, samples were taken from the oven, 
placed in desiccator to reach room temperature 
and then weighed in an analytical balance (0.001 
g accuracy). TDM seedling was obtained by the 
sum of the root and aerial part dry matter 
weights. 
 

The following variables were observed to analyse 
the seedlings development: i) length of the aerial 
part or height (h): graduated ruler, being taken as 
standard the terminal bud - apical meristem; ii) 
Collar diameter (d): Measurement above 1 cm of 
the node formed just above the soil surface of 
the vessel, with the aid of a digital caliper; iii) 
relation of height and diameter of the collar (h/d): 
ratio between the height of the seedling and its 
diameter of the collar allowed to obtain a quality 
index of seedlings; iv) shoot dry mass part and 
dry mass of the root ratio (SDM/DMR): quality 
index of seedlings; v) Survival rate (SR): survival 
percentage; vi) Dickson quality index (IQD) [34]: 
determined as a function of aerial part (h), collar 
diameter (d), shoot dry mass (SDM) and dry 
mass of the root (DMR). 
 

Data from the last collection were used (153 
days after transplanting). Observations of the last 
collection were submitted to the individual and 

joint analysis of variance (factorial 5x2), in which 
the effects of systems were evaluated by the F-
test and the effects of doses by the Tukey’s test. 
At the same time, the significance of the model 
(P<0.05) and the coefficient of determination 
(R2). Data was submitted to statistical tests with 
the aid of Sisvar software. 

 

3. RESULTS AND DISCUSSION 
 

In the production of Parkia seedlings 
commercially, soil sterilisation was not 
performed, which facilitates root colonisation by 
AMF, which may interfere with the inoculation 
results.  

 

P doses had a significant effect in the absence of 
AMF (Fig. 1), the peak dose was 98.67 mg L-1 of 
P, and this enabled a larger increase in h. 

 

The curve behavior observed (Fig. 2) resembles 
the one described previously by Shimizu et al. 
[27] in the treatment without fungus that involved 
phosphate fertilisation, by the curvilinear 
behavior, the elevation of the dose of 
phosphorus above the maximum point does not 
provide significant increases for the variables h, 
which meets the maximum law [35]. 

 
 

 
Fig. 1. Height (h) of Parkia nitida seedlings as a function of arbuscular mycorrhizal fungi (FMA) 

and phosphate fertilisation, 153 days after transplanting 
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At 153 days after transplanting, the mean height 
of the seedlings was 23.6 cm and the mean 
collar diameter was 6.5 mm, the height for forest 
species should be superior to 50 cm [36]. 
Observing this data, it is possible that the 
maintenance of the seedlings for a longer period 
in the greenhouse allows positive increases in its 
quality. 
 

The seedling quality index that relates height per 
diameter showed an average of 3.6 (Fig. 2), 
showing that there was a higher growth rate in 
height in relation to the diameter. 
 

In order to take the seedlings to field planting, a 
balanced development is necessary, as 
observed in Campos and Uchida [37]. This index 
only underwent significant interaction of the 
following sources of variation: doses of 
phosphorus in the absence of fungus. 
 
The variables h and h/d presented significance 
for the interaction of factors (dose of phosphorus 
per fungus). However, this occurred only for 
treatments in the absence of AMF, evidencing 
that further studies with other fungal species are 
necessary to determine the ability or not of 
mycorrhizae of the Parkia nitida plant and its 
effects on the development of the species.  
 

The leaflet area (LA) was significantly higher at 
higher P rates. A linear increase with a 
coefficient of determination of 89.07% was 
observed (Fig. 3). This behavior of increment in 

the leaflet area by phosphorus dose is in line with 
Rodrigues et al. [38], since phosphorus is linked 
to the photosynthetic capacity of the plants, so it 
may be positively influencing. 
 

Another verified index was SDM/DMR, which 
averaged 3.16, higher than the 2.0, that is 
established as reference to this index consistent 
with the finding of research by Gomes et al. [39], 
however, studies directed to Parkia nitida are still 
necessary to determine the specific value. It is 
possible that the roots do not have adequate 
photoassimilated resources for their 
development. 
 

The development of the leaflets in the area by 
increment in the dose of P reflected in the SDM 
(Fig. 4). The LA is closely related to SDM and 
TDM, since the gain was in both area and mass. 
 

The total dry mass (TDM) (Fig. 5), being a 
composition of variables, was influenced by the 
dry mass of the root (DMR). The TDM had a 
lower coefficient of determination than that of the 
SDM showing this interference. On average, the 
DMR was 1.57 g, corresponding to less than half 
of the SDM. It is verified in the literature that the 
DMR is directly linked to the availability of P. In 
the experimental conditions, the result of this 
study indicated that the plant priories the 
development of the aerial part and it is possible 
that higher doses of phosphorus improve the 
indexes of quality like the DQI, which presented 
average of 0.96. 

 

 

 

Fig. 2. Quality index of height per diameter (h/d) of Parkia nitida seedlings as a function of 
arbuscular mycorrhizal fungi (AMF) and phosphate fertilisation, 153 days after transplanting 
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Fig. 3. Influence of phosphate fertilisation on the total leaflet area of Parkia nitida seedlings at 

153 days after transplanting 
 

 

Fig. 4. Influence of the phosphate fertilisation on the shoot dry mass part of the Parkia nitida 
seedlings at 153 days after transplanting 

 

 

 

Fig. 5. Influence of phosphate fertilisation on total dry mass of Parkia nitida seedlings at 153 
days after transplanting 

 

The behaviour of Parkia nitida related to doses of 
P is increasing and linear for the variables LA, 
SDM and TDM, which evidences the necessity of 
application of P for better results in the seedlings 
production. 

Parkia nitida presents desirable characteristics 
for propagation in nursery, with emphasis on its 
physiological resistance. The seedling survival 
rate (SR) was 100%, demonstrating that root 
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pruning at transplant did not interfere with 
survival [40].  
 

The interactions in the treatments that obtained 
significance were those that did not undergo 
inoculation by inoculum soil. According to the 
research by Kapulnik et al. [10], the ability to 
respond noticeably to AMF inoculation depends 
not only on plant genotype but also on the 
identity of the AMF inoculated. Seedlings used in 
this work come from seeds and, therefore, may 
have varied genotypes. It is possible that the 
genetic variability of Parkia nitida seeds is high. 
This is a desirable feature for species destined 
for floristic recovery and recomposition. For 
degraded areas, the lower the genotype/ 
environment interaction, the greater the 
possibility of success. 
 

For commercial production of “Faveira-branca” 
seedlings it is recommended the phosphate 
fertilisation for better development of the plant. 
 

AMF form a symbiotic mutualistic association 
with the roots of most tropical plants and extend 
the area of exploitation in the soil favoring the 
absorption of water and nutrients, mainly 
phosphorus. Although this association is well 
studied, little is known about the effects of FMA 
inoculation on the initial development of Parkia 
genus plants and mainly on their nutritional need 
for phosphorus. In regions such as the South of 
the Amazon where the difficulty in acquiring 
fertilisers and correctives limits regional 
development, having the possibility of producing 
vigorous seedlings and with local resources can 
change this reality. Therefore, this manuscript 
hopes to contribute to new research that will help 
reduce these limitations and also, contribute to 
studies related to the use of FMA specifically in 
the development of Parkia nitida. 
 

4. CONCLUSION 
 

The species Parkia nitida (Miquel) presented a 
small effect of inoculation with arbuscular 
mycorrhizal fungi on initial development in the 
nursery. 
 

The seedlings of Parkia nitida showed linear 
growth, in the biomass and in the leaflet area, 
with increasing doses of phosphorus, reaching 
peak at 98.67 mg L-1 of P. 
 

ACKNOWLEDGEMENTS 
 

The authors are grateful to the Federal Institute 
of Education, Science and Technology of 

Amazonas for funding part of the research and 
for making the infrastructure available. The first 
author thanks Federal University of Lavras for 
the opportunity to attend the master's degree. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Moraes GJVP, Ferraz IDK, Procópio LC. 
Imaturidade fisiológica e condicionamento 
hídrico de sementes de Parkia nitida Miq   
com dormência física. Ciência Florestal. 
2015;25(4):1053-1059. Portuguese.  
DOI: 10.5902/1980509820667 

2. Carrero GC, Pereira RS, Jacaúna MA, 
Vieira Junior MJ. Árvores do Sul do 
Amazonas: Guia de espécies de interesse 
econômico e ecológico. Manaus: IDESAM; 
2017. 

3. Costa KCP, Ferraz JBS, Bastos RP, Reis 
TS, Ferreira MJ, Guimarães GP. Estoques 
de biomassa e nutrientes em três espécies 
de Parkia em plantios jovens sobre área 
degradada na amazônia central. Floresta. 
2014;44(4):637-646. Portuguese.  
DOI: 10.5380/rf.v44i4.34135 

4. Moreira FMS, Siqueira JO. Microbiology 
and soil biochemistry. Lavras: UFLA; 2006. 

5. Vale Junior JF, Souza MIL, Nascimento 
PPRR, Cruz DLS, Solos da Amazônia: 
etnopedologia e desenvolvimento 
sustentável. Revista Agroambiente. 
2011;5(2):158-165. Portuguese.  
DOI: 10.18227/1982-8470ragro.v5i2.562 

6. Pereira IS, Nava G, Picolotto L, Vignolo 
GK, Gonçalves MA, Antunes LEC. 
Exigência nutricional e adubação da 
amoreira preta. Revista de Ciências 
Agrárias. 2015;58(1):96-104. Portuguese. 
DOI: 10.4322/rca.1755 

7. Withers PJA, Elser JJ, Hilton J, Ohtake H, 
Schipper WJ, Van Dijk KC.  Greening the 
global phosphorus cycle: How green 
chemistry can help achieve planetary P 
sustainability. Green Chemistry. 2015; 
17(4):2087–2099.  
DOI: 10.1039/C4GC02445A 

8. Ribeiro AC, Guimarães PTG, Alvarez VH. 
Recommendations for the use of 
correctives and fertilizers in Minas Gerais: 
5th approach. Viçosa: UFV; 1999. 

9. Celebi SZ, Demir S, Celebi R, Durak ED, 
Yilmaz IH. The effect of Arbuscular 



 
 
 
 

Tadeu et al.; JEAI, 28(4): 1-10, 2018; Article no.JEAI.44675 
 
 

 
9 
 

Mycorrhizal Fungi (AMF) applications on 
the silage maize (Zea mays L.) yield in 
different irrigation regimes. European 
Journal of Soil Biology. 2010;46(5):302-
305.  
DOI:https://doi.org/10.1016/j.ejsobi.2010.0
6.002 

10. Kapulnik Y, Tsror L, Zipori I, Hazanovsky 
M, Wininger S, Dag A. Effect of AMF 
application on growth, productivity and 
susceptibility to Verticillium wilt of olives 
grown under desert conditions. Symbiosis. 
2010;52(2):103-111.  
DOI:https://doi.org/10.1007/s13199-010-
0085-z 

11. Alves AS, Lima VLA, Medeiros SS. 
Desenvolvimento inicial de mudas de 
Parkia platycephala Benth. em diferentes 
tamanhos de recipientes. Revista Verde. 
2012;7(2):206-2011. Portuguese.  
DOI: 10.18378/rvads.v7i2.1262 

12. Anzanello R, Souza PVD, Casamali B. 
Fungos micorrízicos arbusculares (FMA) 
em porta-enxertos micropropagados de 
videira. Bragantia. 2011;70(2):409-415. 
Portuguese.  
DOI: 10.1590/S0006-87052011000200023 

13. Lacerda KAP, Silva MMS, Carneiro MAC, 
Reis EF, Saggin Júnior OJ. Fungos 
micorrízicos arbusculares e adubação 
fosfatada no crescimento inicial de seis 
espécies arbóreas do Cerrado. Cerne. 
2011;17(3):377-386. Portuguese.  
DOI: 10.1590/S0104-77602011000300012 

14. Zemke JM, Pereira F, Lovato PE, Silva AL. 
Avaliação de substratos para inoculação 
micorrízica e aclimatização de dois porta-
enxertos de videira micropropagados. 
Pesquisa Agropecuária Brasileira. 2003; 
38(11):1309-1315. Portuguese.  
DOI: 10.1590/S0100-204X2003001100009  

15. Silveira APD, Silva LR, Azevedo IC, 
Oliveira E, Meletti LMM. Desempenho de 
fungos micorrízicos arbusculares na 
produção de mudas de maracujazeiro-
amarelo, em diferentes substratos. 
Bragantia. 2003;62(1):89-99. Portuguese. 
DOI: 10.1590/S0006-87052003000100012 

16. Clevelario Junior J. Distribution of carbon 
and mineral elements in a low montane 
tropical rainforest ecosystem. Viçosa: UFV; 
1996. 

17. Novais RF, Alvarez VH, Barros NF, Fontes 
RL, Cantarutti RB, Neves JCL. Soil fertility. 
Viçosa: Sociedade Brasileira de Ciência do 
Solo; 2007. 

18. Smith SE, Jakobsen I, Grønlund M, Smith 
FA. Roles of arbuscular mycorrhizas in 
plant phosphorus nutrition: Interactions 
between pathways of phosphorus uptake 
in arbuscular mycorrhizal roots have 
important implications for understanding 
and manipulating plant phosphorus 
acquisition. Plant Physiology. 2011;156(3): 
1050–1057.  
DOI: 10.1104/pp.111.174581 

19. Thaines F, Braz ME, Mattos PP, Thaines 
APR. Equações para estimativa de   
volume de madeira para a região da bacia 
do Rio Ituxi, Lábrea, AM. Pesquisa 
Florestal Brasileira. 2010;30(64):283-289. 
Portuguese.  
DOI: 10.4336/2010 

20. Santos HS, Scapim CA, Maciel SL, Vida 
JB, Schwan-Estrada KRF, Brandão Filho 
JUT. Patogenicidade de Meloidogyne 
javanica em alface em função do         
tamanho de células de bandeja e                
idade de transplante das mudas. Acta 
Scientiarum. Agronomy. 2006;28(2):253–
259. Portuguese.  
DOI: 10.4025/actasciagron.v28i2.1115 

21. Empresa Brasileira De Pesquisa 
Agropecuária. Brazilian system of soil 
classification. Rio de Janeiro: Embrapa; 
2013. 

22. Trajano MAT, Kasuya MCM, Tótola MR, 
Borges A, Novais RF. Suprimento de 
fósforo e formação de micorrizas em 
mudas de eucalipto em sistema de raízes 
divididas. Rev. Árvore. 2001;25:193-2001. 
Portuguese. 

23. Gerdemann JW, Nicolson TH. Spores of 
mycorrhizal Endogone extracted from soil 
by wet sieving and decanting. Trans. Brit. 
Mycol. Soc. 1963;46(2):235-244.  
DOI:https://doi.org/10.1016/S0007-
1536(63)80079-0 

24. Douds Junior DD, Nagahashi G, Pfeffer PE, 
Kayser WM,  Reider C. On-farm production 
and utilization of arbuscular mycorrhizal 
fungus inoculum. Canadian Journal of 
Plant Science. 2005;85(1):15-21.  
DOI: 10.4141/P03-168 

25. Brito VN, Tellechea FRF, Heitor LC, 
Freitas MSM, Martins MA. Fungos 
micorrízicos arbusculares e adubação 
fosfatada na produção de mudas de Pariká. 
Ciência Florestal. 2017;27(2):485-497. 
Portuguese  
DOI: 10.5902/1980509827730 



 
 
 
 

Tadeu et al.; JEAI, 28(4): 1-10, 2018; Article no.JEAI.44675 
 
 

 
10 

 

26. Dantas BF, Correia JS, Marinho LB, 
Aragão CA. Alterações bioquímicas 
durante a embebição de sementes de 
catingueira (Caesalpinia pyramidalis Tul.). 
Revista Brasileira de Sementes. 
2008;30(1): 221-227. Portuguese.  
DOI: 10.1590/S0101-31222008000100028 

27. Shimizu ESC, Pinheiro HA, Costa MA, 
Santos Filho BG. Aspectos fisiológicos da 
germinação e da qualidade de plântulas de 
Schizolobium amazonicum em resposta à 
escarificação das sementes em lixa e água 
quente. Revista Árvore. 2011;35(4):791–
800. Portuguese.  
DOI: 10.1590/S0100-67622011000500004 

28. Cruz ED, Carvalho JEU, Leão NVM. 
Métodos para superação da dormência e 
biometria de frutos e sementes de         
Parkia nitida Miquel. (Leguminosae - 
Mimosoideae). Acta Amazonica. 2001; 
31(2):167. Portuguese  
DOI: 10.1590/1809-43922001312177. 

29. Rocha CRM, Costa DS, Novembre ADLC, 
Cruz ED. Morfobiometria e germinação de 
sementes de Parkia multijuga Benth.  
Pesquisas Agrárias e Ambientais. 2014; 
2(1): 42–47. Portuguese.  
DOI: 10.14583/2318-7670.v02n01a08 

30. Camargo JLC, Ferraz IDK, Imakawa AM. 
Rehabilitation of degraded areas of Central 
Amazonia using direct sowing of forest tree 
seeds. Restoration Ecology. 2002;10(4): 
636–644.  
DOI: 10.1046/j.1526-100X.2002.01044.x 

31. Meir D, Pivonia S, Levita R, Dori I, Ganot L, 
Meir S, et al. Spanish Journal of 
Agricultural Research. 2010;8(S1):S5-S10. 
DOI: 10.5424/sjar/201008S1-1221 

32. Trindade AV, Saggin Junior OJ, Silveira 
APD. Arbuscular mycorrhizae in the 
production of seedlings of fruit and coffee 
plants. In: Siqueira JO, Souza FA, Cardoso 
EJBN, Siu M T. Mycorrhizae: 30 years of 
research in Brazil. Lavras: UFLA; 2010. 

33. Cavalcante UMT, Maia LC, Nogueira 
RJMC, Santos VF. Respostas fisiológicas 
em mudas de maracujazeiro amarelo 

(Passiflora edulis Sims. f. flavicarpa Deg.) 
inoculadas com fungos micorrízicos 
arbusculares e submetidas a estresse 
hídrico. Acta Botanica Brasilica. 
2001;15(3): 379-390. Portuguese.  
DOI: 10.1590/S0102-33062001000300008 

34. Dickson A, Leaf AL, Hosner JF. Quality 
appraisal of white spruce and white pine 
seedling stock in nurseries. The Forestry 
Chronicle. 1960;36(1):10-13.  
DOI: 10.5558/tfc36010-1 

35. Vasconcellos CA, Alves VMC, Pereira 
Filho IA, Pitta GVE. Nutrition and 
fertilization of the maize in order to obtain 
baby corn. Sete Lagoas: Embrapa Milho e 
Sorgo; 2001. 

36. Oliveira MC, Ogata RS, Andrade GA, 
Santos DS, Souza RM, Guimaraes TG,       
et al. Nursery manual and seedling 
production: Tree species native to the 
Cerrado. Brasília: Universidade de Brasília; 
2012. 

37. Campos MAA, Uchida T. Influência do 
sombreamento no crescimento de mudas 
de três espécies amazônicas. Pesquisa 
Agropecuária Brasileira. 2002;37(3):281-
288. Portuguese.  
DOI: 10.1590/S0100-204X2002000300008 

38. Rodrigues AF, Carvalho JG, Melo César P. 
Efeito do fósforo e do zinco sobre o 
crescimento de mudas do cupuaçuzeiro 
(Theobroma grandiflorum Schum.). Cerne. 
2003;9(2):221-230. Portuguese. 

39. Gomes JM, Couto L, Leite HG, Xavier A, 
Garcia SLR, Parâmetros morfológicos na 
avaliação de qualidade de mudas de 
Eucalyptus grandis. Revista Árvore. 
2002;26(6):655-664. Portuguese.  
DOI: 10.1590/S0100-67622002000600002 

40. Azevedo IMG, Alencar RM, Barbosa AP, 
Almeida NO. Estudo do crescimento e 
qualidade de mudas de marupá 
(Simarouba amara Aubl.) em viveiro.       
Acta Amazonica. 2010;40(1):157-164. 
Portuguese.  
DOI: 10.1590/S0044-59672010000100020 

_________________________________________________________________________________ 
© 2018 Tadeu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/27285 


