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The establishment of economic enterprises and the demand for coastal areas for leisure purposes exert
great pressure on the dunes, stripping them of vegetation and causing the aggravation of coastal
erosion processes. The use of arbuscular mycorrhizal fungi (AMF) is a viable alternative to restore
dunes, giving their ability to improve soil conditions and plant growth under unfavorable conditions.
The aim of this study was to evaluate the effect of AMF on the growth of Canavalia rosea (Sw.) DC. For
the experiment, two treatment groups were set up (16 pots with arbuscular mycorrhizal fungi inoculum
and 16 pots without) over a period of 10 weeks. It was found that C. rosea (Sw.) DC. responded
positively to the inoculation with the AMF and the percentages of colonization were 6.4 and 10.2% in the
eighth and tenth week of plant growth, respectively. Also, the growth of Canavalia rosea (Sw.) DC.
increased significantly with AMF throughout the experiment. This proved the efficacy of arbuscular
mycorrhizal fungi as promoters of dune plants” growth, and as potential strategy for the rehabilitation

of dunes in the coastal areas.
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INTRODUCTION

The coastal dunes are very important dynamics
ecosystems playing different ecological roles such natural
barriers and protection of coastal areas from extreme sea
activities, natural boundary of the shoreline movement
and preservation of beaches (Henrico et al., 2020). There
is a pioneer vegetation cover associated with coastal
dunes assuming a primordial role in soil (Sigren et al.,
2014), protecting it against wind (Dewhurst, 2002; Bar et
al., 2016), allowing the protection and maintenance of the
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coastline (Gomes-Neto et al., 2004) and reducing the
occurrence of erosion (Dewhurst, 2002; Sigren et al.,
2014; White et al., 2019).

The coastal dunes are affected by various natural and
anthropogenic factors (White et al., 2019). The intentional
or accidental introduction of alien species in dunes (Sun
et al., 2017; Malavasi et al., 2018; Marzialetti et al., 2019)
increase in the establishment of economic enterprises,
inadequate land parceling (Maueua et al., 2007) and the
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demand for coastal areas for leisure purposes (Langa,
2007; Teixeira et al., 2016) exert great pressure on the
dunes, stripping them of vegetation (Langa, 2007;
Sperandii et al., 2019) and causing the aggravation of
coastal erosion processes (Maueua et al., 2007; Bar et
al., 2016).

The escalation of coastal erosion processes affected at
least 55% of coastal dune around the world (Bar et al.,
2016) will lead to the destruction and loss of habitats, soil
erosion and depletion, water pollution, alteration of the
coastline configuration, destruction of infrastructure and
loss of investment (Hoguane, 2007; Gracia et al., 2018).
Can also cause the extinction of plant and animal species
occurring in coastal dunes (Prisco et al., 2013), and it is
estimated that 85% of the existing coastal dunes are
under threat (Henrico et al., 2020).

Around the world diverse techniques have been applied
to restore coastal dunes, but the majority are expensive
to implement (Teixeira et al., 2016). One of the
interventions used to reduce the observed erosion
process was the re-colonization of the dunes (Langa,
2007; Assis et al., 2016). Studies showed that using
plants in coastal dune restoration has an enormous
potential to reduce erosion under wind and wave action
(Sigren et al., 2014). However, this was difficult and slow
(Bécard et al., 2004; Teixeira et al., 2016), because of the
high mortality rates of seedlings as a consequence of the
stress to which they were subjected on the dunes
(Gomes-Neto et al., 2004; Teixeira et al., 2016).

The use of mycorrhizae is a viable alternative to restore
dunes (Bécard et al., 2004; Asmelash et al., 2016; Assis
et al., 2016), giving their ability to improve soil conditions
and plant growth under unfavorable conditions (Bever,
2003; Al-Karaki, 2013; Amir et al., 2013; Winagraski et
al.,, 2019), and it is known that AMF are highly prevalent
in coastal dune plants (Sigren et al., 2014). Thus, since
AMF offered a possible solution to the identified problem,
it was relevant to study their possible effects on the
growth of Canavalia rosea (Sw.) DC., a typical dune
pioneer, which was of extreme importance in the
stabilization process of dunes (Kitajima et al., 2008;
Mendoza-Gonzélez et al.,, 2014) and widely used to
control soil erosion in several countries due to dense
cover, root binding the substrate and the quick growth
(Mendoza-Gonzélez et al., 2014). Therefore, the present
study aimed to provide information about the mycorrhizal
association with C. rosea, as no study has been
published to date on mycorrhizal association with this
plant. Also, to evaluate the effect of the use of AMF
inoculum on C. rosea growth and to determine the
percentage of colonization in its roots.

MATERIALS AND METHODS

Study area

The experiment was conducted in the greenhouse and in the Plant
Physiology Laboratory of the Department of Biological Sciences of

the Eduardo Mondlane University, Maputo, Mozambique, over a
period of three months. The experimental design was completely
randomized, with two treatments (with inoculum-propagules of
Glomus intraradices N.C. Schenck and G.S. Sm. and control) with
eight replicates for each treatment.

Sampling and laboratory procedure

The seeds were collected from dry pods of C. rosea (Sw.) DC on
the dunes of Muntanhana beach in Maputo. The soil was collected
to a depth of about 20 cm and then autoclaved at 120°C for 90 min
to eliminate microorganisms in the soil that could influence the
results of the experiment (Miyasaka et al., 2003). The samples were
immersed in 40% sodium hypochlorite for 15 min, to disinfect them
according to the protocol described by Zorato et al. (2001).
Subsequently, the samples were immersed in 100% sulfuric acid for
110 min to break dormancy (Hartmann et al., 2001). The seeds
were pre-germinated in Petri dishes lined with filter paper
moistened with distilled water, and those with a radicle equal to or
greater than 2 mm in length were used for sowing.

In the first phase, the sowing was carried out in 1kg pots
containing autoclaved soil, and these were divided into two
treatments: 1) control (16 pots without inoculum) and 2) inoculum
(16 pots with Glomus intraradices). In the "control" treatment, the
seeds were placed in opened clumps in the pots, and in the
"inoculum" treatment, a 9 g of inoculum was added per pot,
followed by the seed. Irrigation was done with 20 ml of distilled
water, in other days for five weeks. After five weeks, all the
seedlings (control and inoculum) were transplanted to 5 kg pots,
where watering per pot was done with 100 ml of running water
every two days. In the third and fifth week after transplantation, the
eight and tenth weeks of growth after sowing, the plants were
harvested in both treatments. The plants were separated into roots,
stems and leaves for determination of growth parameters (dry
weight, root length, plant height, number of leaves and leaf area)
and percentage of roots colonized by AMF. Dry weight was
obtained after drying for 72 h in a 65°C oven, and weighed on a
root, stem and leaf electronic scale. The maximum root length and
plant height were measured with a ruler. The number of leaves was
determined by manual counting, and the leaf area was measured
by using a leaf area meter (Model 3100 LI-Cor Inc., Licoln, NE,
USA). The percentage of colonized root was determined by the
Locatelli and Lovato (2002) root staining method.

Data analysis

The data were analyzed using the statistical package SPSS
Statistics. The non-parametric Mann-Whitney test was used to
compare growth averages between inoculated and control plants,
and it was considered significant at p<0.05.

RESULTS AND DISCUSSION

The C. rosea (Sw.) DC associated with mycorrhizal fungi
responded positively to the mycorrhizal inoculation, and
presented 60% higher dry weight production (p<0.05)
compared to the non-inoculated bean (Figures 1B and
3A). This corroborates with the results of De Oliveira et
al. (2009), in a greenhouse experiment using Brasilian
dunar native soil with AMF who found an increase of
75.93% of aerial biomass and 76.79% of radicular
biomass in Tabebuia roseo-alba (Ridl.) Sandw. and
88.34% increment of aerial biomass and 87.17% of
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Figure 1. Effect of inoculation with arbuscular mycorrhizal fungi on plant root length (A), and plant height (B)
in C. rosea (Sw.) DC. On the left, non-inoculated plant, and on the right, inoculated plant.

radicular biomass in Tocoyena selloana Schum. The
biomass increase may be a consequence of the
improvement of the nutritional status due to the AMF
inoculation as elucidated in a review by Chen et al.
(2018). This fact was confirmed by Wang et al. (2019)
who found an increase in phosphorus, potassium and
magnesium uptake in a study with Zelkova serrata
seedilings inoculated with Funneliformis mosseae.

The mycorrhizal inoculation resulted in a higher root
growth, reflecting the increase by 28% of the maximum
length of the C. rosea root compared to the non-
inoculated (p<0.05) (Figures 1A and 3B). A higher growth
of inoculated plant roots was expected, since several
studies reported the benefits of mycorrhizal association
for root growth (Carneiro et al., 2004; Junior and Da
Silva, 2006; Balota et al., 2011; Hidalgo, 2015; Sharma et
al., 2017).

According to Smith and Read (2008), the response is
related to the scarcity of water and nutrients in the sail,
causing AMF stimulus of root branching and better
development and consequently giving the host plant a
greater capacity to absorb water and nutrients. Similar
results to those verified in the present study were also
observed by Little and Maun (1996) and Feagin et al.
(2008) when studying the efficiency of the mycorrhizal
association in pioneer dune species, Ammophila
breviligulata and Uniola paniculata for the restoration of
degraded dunes in the United States. Pérez-de-Luque et
al. (2017) also showed the AMF stimulation on root
growth.

An increase of 20% in height was also observed in
inoculated bean compared to non-inoculated, although it

was a statistically non-significant difference (p=0.05)
(Figure 1B and Figure 3C). This is according to Pefia-
Becerril et al. (2016) who observed an increase 3 times
greater in Mimosa biuncifera Benth. height when
inoculated with native AMF compared to non-inoculated.
The increase in height is a positive point because
combining the positive responses obtained during the
experiment in the other parameters showed the effect of
the AMF on the plant and how this higher uptake of
nutrients resulted in increased plant growth (Marschner
and Dell, 1994; Lanfranco et al., 2018; Begum et al.,
2019). The fact that it has not differentiated from non
inoculated plants in the study by Brandon and Shelton
(1993), who reported that there was a latency phase
between mycorrhizal inoculation and the time when its
effects were manifested in the plant and this fact was
also corroborated by Lanfranco et al. (2018). Even having
a height above the control may not be significant until 45
days, the difference being significant from 60 days until
the end of the experiment.

The results of the experiment by Oliveira et al. (2009)
are in agreement with those of previous authors, since
the native Brazilian dune plant, Tabebuia roseo-alba,
used in the study grew to a higher height than non-
inoculated plants; however, the superiority was shown to
be significant only at 75th day. This suggested that the
same effect probably would happen in this experiment by
extending the plant observation time and the differences
would become significant. Besides the experiment of
Oliveira et al. (2009), similar results were verified by Dos
Santos et al. (2016), studying AMF effects on a
leguminous species called Albizia polycephala, where
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Figure 2. Effect of inoculation with arbuscular mycorrhizal fungi on leaf area in C. rosea (Sw.) DC. A: Non-

inoculated plant; B: Inoculated plant.

they found that Acaulospora colombiana (AMF species)
had increased positively and significantly the neck
diameter, leaf size and dry matter. On the other hand, it
hadn’'t increased significally the height at 135 days of
experiment, although it had shown an increase in height
of 20% more than non-inoculated plants. This suggested
that these criteria probably would not change even if the
experiment had continued for an extended period.

In contrast, Lu et al. (2015) found different results
studying AMF effects of Glomus intraradices and Glomus
mosseae on the growth of Morus alba L. There were
significant increases in dry matter, number of roots, as
well as the height of the plant compared to non-
inoculated plants. Since the same species (G.
intraradices) was used in the present study, but in plant
belonging to other family, this result suggested that it is
not correct to assume that the same fungus species can
contribute in the same way to all hosts, the same species
can contribute in a different way on the growth of different
hosts.

At leaf level, mycorrhizal inoculation resulted in the
production of a larger number of leaves and a larger leaf
area compared to the non inoculated bean, although this
was statistically significant only at the tenth week of
growth (p<0.05) with increases of 56 and 36%,
respectively (Figures 2 and 3D and E). The same result
was verified by Lu et al. (2015) studying AMF effects of
G. intraradices on the growth of M. alba L. Shi et al.
(2016) observed in all tested plant growth parameters,
including aboveground criteria, an increase of 31 to
121% in AMF inoculated mulberry plants.

For Oliveira et al. (2005), the processes of faster leaf

growth and the production of greater numbers of leaves
and leaf areas may be related to greater energy reserving
(phosphorus) in inoculated plants. As a result of this,
AMF stimulate these plants to increase their exploitation
of solar irradiation and their potential for photosynthesis
(because their leaves have greater chlorophyll a+b),
consequently an increase in the biomass accumulation
occurs (Oliveira et al., 2005; Tristdo et al., 2016). This is
corroborated by Gao et al. (2020) in a study with
Gossypium hirsitum L. demonstrating the positive effect
of AMF in phosphorus absorption and consequent
enhance of plant growth. The observed productivity is a
consequence of functional efficiency as a response to the
higher uptake of water and nutrients verified in AMF
inoculated plants (Romero, 2012), which allows greater
development of leaves than non-inoculated plants (Atwell
et al.,, 1999; Pefa-Becerril et al., 2016; Wang et al.,,
2019).

The colonization of the bean roots by AMF was verified
from the eighth week of growth, evidenced by the
presence of hyphae and vesicles in the cortex of the root
segments. Root colonization aroused probably as a result
of the germination of AMF spores present in the soil
associated with low nutrient availability in the soil (Avila,
2004; Silva-Flores et al., 2019) and other soil factors
such as water availability, temperature and relative
humidity (Dell-Santo, 2011; Kilpeldinen et al., 2020).

The spore germination starts when the plant (host)
under low phosphate or nitrogen conditions exudes or
excretes strigolactones from its roots into the
rhizosphere, and these are recognized by AMF, inducing
the spore germination and then enhancing fungal
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Figure 3. Effect of inoculation with arbuscular mycorrhizal fungi on plant dry weight (A), root length (B), plant height (C),
number of leaves (D) and leaf area (E), in the eighth and tenth week of growth in C. rosea (Sw.) DC. Each bar represents
an average of eight plants. The vertical lines indicate the standard deviation. In each week, the Mann-Whitney Test was
performed for comparison at 5% probability.

metabolic activity, hyphal growth and branching, and
exudation of a short chain of chitin oligosaccharides

(Pimprikar and Gutjahr, 2018).

The justification presented above may be applicable to

the present work, since dune soil, characteristically
known for low organic matter decomposition and low soil
fertility (Camprubiet et al., 2010; Oliveira and Landim,
2020), the same characteristics were presented by the
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Figure 4. Colonization percentage (% M) in C. rosea (Sw.) DC. roots in the
eighth and tenth week of growth. Each bar represents an average of eight
plants. The vertical lines indicate the standard deviation.

substrate used, and as suggested by Smith and Read
(2008) and Nayak et al. (2019), the AMF were probably
stimulated in soils with low fertility.

The percentage of root colonization (% M) by AMF
increased from 6.4 to 10.2% throughout the experiment
(Figure 4). Similar percentages were also found by
Santos et al. (2004) in Ammophila arenaria (L.) plants
associated to AMF, having observed values of 5.9 and
1.9% in dune systems of two different regions, and by
Mocuba (2005) in Carpobrotus dimidiate (L.) L. Bolus, a
dune plant, having observed 3.5 and 17.5% of
colonization throughout the experiment. However, the
percentages over 50% of root colonization were observed
by Shi et al. (2016) in mulberry seedlings with
Acaulospora scrobiculata, Funneliformis mosseae, and
Glomus intraradices and by Pefia-Becerril et al. (2016) in
a study with Mimosa biuncifera (Benth.) inoculated with
native AMF.

Simpson and Daft (1990) reported that the
development of AMF colonization in the roots initially
showed a period of colonization delay and low intensity
due to the need for perfect symbiotic integration between
the mycorrhizae and plant (fungi and roots), followed by
a growing phase involving colonization and stabilization
thereofore over the growing time. This fact was also
referred by Lanfranco et al. (2018) explaining the different
stages of the communication between fungi and plant
roots in AMF symbiosis.

The results of the present study corroborated these
observations, since the percentage of colonization was
low, with an increase over the experiment, suggesting

that the percentage of colonization probably followed the
trend reported by Simpson and Daft (1990) and could
increase over time to a stabilization phase. A different
pattern of colonization was found by Juntahum et al.
(2019), in a study with sugarcane inoculated with AMF
decreasing the colonization percentage over the time.
These results showed once again the dynamic
complexity of AMF symbiosis in field conditions.

Conclusion

From this study, it was found that C. rosea (Sw.) DC.
have association with G. intraradices and the mycorrhizal
fungi have a positive effect on C. rosea (Sw.) DC. growth
and the levels of root colonization were 6.4 and 10.2%
with a tendency to increase along its growth.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENT

“R.S. Oliveira appreciate the support of Fundacgéo para a
Ciéncia e a Tecnologia through Research Grant
SFRH/BPD/85008/2012, Fundo Social Europeu and
Programa Operacional do Capital Humano”. The authors
wish to thank the Agéncia Italiana de Cooperacgéo para o
Desenvolvimento (AICS) for the publication fee payment.



REFERENCES

Al-Karaki GN (2013). The role of mycorrhiza in the reclamation of
degraded lands in arid environments. In: Developments in soil
classification, land use planning and policy implications: Innovative
thinking of soil inventory for land use planning and management of
land resources Shahid SA, Taha FK, Abdelfattah MA (eds.),
Dordrecht: Springer Science+Business Media, pp. 823-836.

Assis DMA, Oehl F, Goncgalves CM, Silva DKA, Silva GA (2016).
Community structure of arbuscular mycorhizal fungi in fluvial and
maritime dunes of Brazilian Northeast. Applied Soil Ecology 108:136-
146.

Asmelash F, Bekele T, Birhane E (2016). The potential role of
arbuscular mycorrhizal fungi in the restoration of degraded lands.
Frontiers in Microbiology 7(1095):1-15.

Amir H, Lagrange A, Hassaine N, Cavaloc Y (2013). Arbuscular
mycorrhizal fungi from New Caledonian ultramafic soils improve
tolerance to nickel of endemic plant species. Mycorrhiza 23:585-595.

Atwell BJ, Kriedemann PE, Turnbull CGN (1999). Plants in action:
adaptation in nature, performance in cultivation. Melbourne:
Macmillan Education Australia, P. 664.

Avila AL (2004). Ocorréncia de fungos micorrizicos arbusculares em
cultivo de videiras (Vitissp.) Sob manejo orgénico e comercial.
Dissertacédo (Mestrado). Universidade Federal do Rio Grande do Sul,
Brasil.

Balota EL, Machineski O, Stenzel NMC (2011). Resposta da acerola a
inoculacdo de fungos micorrizicos arbusculares em solo com
diferentes niveis de fésforo. Revista Bragantina 70(1):166-175.

Bar P, Becker N, Segev M (2016). Sand dunes management: A
comparative analysis of ecological versus economic valuations
applied to the Coastal region in Israel. Regional Environmental
Change 16(4):941-950.

Bécard G, Kosuta S, Tamasloukht M, Séjalon-Delmas N, Roux C
(2004). Partner communication in the arbuscular mycorrhizal
interaction. Canadian Journal of Botany 82:1186-1197.

Begum N, Qin C, Ahanger MA, Raza S, Khan MI, Ashraf M, Ahmed N,
Zhang L (2019). Role of Arbuscular Mycorrhizal Fungi in Plant
Growth Regulation: Implications in Abiotic Stress. Tolerance Frontiers
in Plant Science 10(1068):1-15.

Bever JD (2003). Soil community feedback and the coexistence of
competitors: conceptual frameworks and empirical tests. New
Phytologist 157:465-473.

Brandon NJ, Shelton HM (1993). Role of vesicular-arbuscular
mycorrhizae in Leucaena establishment. Proceedings of the XVII
International Grassl and Congress. pp. 2064-2065.

Camprubi A, Calvet C, Cabot P, Pitet M, Estain V (2010). Arbuscular
mycorrhizal fungi associated with psammophilic vegetation in
Mediterranean coastal sand dunes. Spanish Journal of Agricultural
Research 8:96-102.

Carneiro MAC, Siqueira JO, Davide AC (2004). Fésforo e inoculagdo
com fungos micorrizicos arbusculares no estabelecimento de mudas
de embauba (Cecropia pachstachya Trec). Pesquisa Agropecuaria
Tropical 34(3):119-125.

Chen M, Arato M, Borghi L, Nouri E, Reinharft D (2018). Beneficial
Services of Arbuscular Mycorrhizal Fungi-From Ecology to
Application 9(1270):1-14.

Dell-Santo VBR (2011). Respostas de plantas de tomate (Solanum
lycopersicum L.) com superexpressdo da H' pirofosfatase a
inoculacdo com fungos micorrizicos arbusculares. Trabalho de
culminagéo de curso (Licenciatura) - Centro Universitario Vila Velha,
Brasil.

Dewhurst D (2002). Coastal dunes: Dune protection and improvement
manual for the Texas Gulf coast. Texas Editor. P. 28.

Dos Santos RS, Scoriza RN, Da Silva EMR, Junior OJS (2016).
Selection of mycorrhizal fungi for the initial growth of Albizia
polycephala. Revista Brasileira de Ciéncias Agrarias 11:98-103.

Feagin RA, Koske RE, Gemma JN, Williams AM (2008). Restoration of
sea oats (Uniola paniculata) with mycorrhizae on Galveston Island.
Coastal Management Program. P. 16.

Gao X, Guo H, Zhang Q, Guo H, Zhang L, Zhang C, Gou Z, Liu Y, Wei
J, Chen A, Chu Z, Zeng F (2020). Arbuscular mycorrhizal fungi (AMF)
enhanced the growth, yield, fiber quality and phosphorus regulation in

Tivane et al. 585

upland cotton (Gossypium hirsutum L.) Scientific Reports 10(1):1-12.

Gracia A, Rangel-Buitrago N, Oakley JA, Williams AT (2018). Use of
ecosystems in coastal erosion management. Ocean and Coastal
Management 156:277-289.

Gomes-Neto A, Emilio TC, Bosa P, Cunha SR (2004). Plantio de
Ipomoea pes-caprae nas dunas da praia brava (itajai, sc):
Comparacéo de duas técnicas. Notas Técnicas da Facimar 8:33-38.

Hartmann HT, Kester DE, Davies FT, Greeve RL (2001). Principles and
practices of plant propagation. London: Prentice Hall Publishers, 6th
Edition. 770p.

Henrico |, Ledwaba T, van Zyl G (2020). Measuring the effect of wind-
driven processes on coastal dunes: A study of the Atlantis and
Geelbek dune fields along the West Coast of South Africa.
Spatial Information Research 2020:1-9.

Hidalgo ABL (2015). Efecto de la coinoculacién de hongos micorrizicos
arbusculares y Bradyrhizobium japonicum sobre la produccién de
soya (Glycine max (L.) Merr) en la provincia Los Rios, Republica del
Ecuador. Tesis (Doctor), Universidad Agraria de La Habana, Cuba.

Hoguane AM (2007). Perfil diagnéstico da zona costeira de
Mocambique. Revista de Gestao Costeira Integrada 7(1):69-82.

Junior OJS, Da Silva EMR (2006). Micorriza Arbuscular—Papel,
Funcionamento e Aplicagdo da Simbiose. Miolo_Biota 12(32):101-
150.

Juntahum S, Jongrungklang N, Kaewpradit W, Lumyong S, Boonlue S
(2019). Impact of arbuscular mycorrhizal fungi on growth and
productivity of sugarcane under field conditions. Sugar Tech
22(3):451-459.

Kitajima EW, Alcantara BK De, Madureira PM, Alfenas-Zerbini P,
Rezende JAM, Zerbini FM (2008). A mosaic of beach bean
(Canavalia rosea (Sw.) DC.) caused by anisolate of cowpea aphid-
borne mosaic virus (cabmv) in Brazil. Archives of Virology Journal
153:743-747.

Kilpelainen J, Aphalo PJ, Lehto T (2020). Temperature affected the
formation of arbuscular mycorrhizas and ectomycorrhizas in Populus
angustifolia seedlings more than a mild drought. Soil Biology and
Biochemistry 146(10779):1-12.

Lanfranco L, Fiorilli V, Gutjahr C (2018). Partner communication and
role of nutrients in the arbuscular mycorrhizal symbiosis. New
Phytologist 220:1031-1046.

Langa JVQ (2007). Problemas na zona costeira de Mocambique com
énfase para a costa de Maputo. Revista de Gestdo Costeira
Integrada 7(1):33-44.

Little LR, Maun MA (1996). The Ammophila problem' revisited: A role for
mycorrhizal. Journal of Ecology 84(1):1-7.

Locatelli LM, Lovato PE (2002). Inoculagdo micorrizica e aclimatizagao
de dois porta-enxertos de macieira micropropagados. Pesquisa
Agropecuéria Brasileira 37(2):177-184.

Lu N, Zhou X, Cui M, Yu M, Zhou J, Qin Y, Li Y (2015). Colonization
with arbuscular mycorrhizal fungi promotes the growth of Morus alba
L. seedlings under greenhouse conditions. Forests 6(3):734-747.

Malavasi M, Acosta ATR, Carranza ML, Bartolozzi L, Basset A,
Bassignana M, Campanaro A, Canullo R, Carruggio F, Cavallaro V
(2018). Plant invasions in Italy. An integrative approach using
LifeWatch infrastructure database. Ecological Indicators 91:182-188.

Marschner H, Dell B (1994). Nutrient uptake in mycorrhizal symbiosis.
Plant and Soil 159:89-102.

Marzialetti F, Bazzichetto M, Giulio S, Acosta ATR, Stanisci A, Malavasi
M, Carranza ML (2019). Modelling Acacia saligna invasion on the
Adriatic coastal landscape: An integrative approach using LTER data.
Nature Conservation 34:127-144.

Maueua C, Cossa O, Mulhovo G, Pereira M (2007). Vulnerabilidade
climatica nas zonas costeira: Delta do Zambeze. dot Project. P. 15.
Mendoza-Gonzalez G, Martinez ML, Lithgow D (2014). Biological Flora
of Coastal Dunes and Wetlands: Canavalia rosea (Sw.) DC Journal

of Coastal Research 30(4):697-713.

Miyasaka SC, Habte M, Friday JB, Johnson EV (2003). Manual on
arbuscular mycorrhizal fungus production and inoculation techniques.
Available at:
https://scholarspace.manoa.hawaii.edu/bitstream/10125/12454/SCM-
5.pdf

Mocuba JJ (2005). Efeito de endomicorriza no crescimento de plantas
das dunas. Course culmination work (Licenciatura) — Universidade


http://frontiersin.org/people/u/312082
http://frontiersin.org/people/u/317959
https://www.sciencedirect.com/science/article/abs/pii/S0964569117301588#!
https://www.sciencedirect.com/science/article/abs/pii/S0964569117301588#!
https://www.sciencedirect.com/science/article/abs/pii/S0964569117301588#!
https://www.sciencedirect.com/science/journal/09645691
https://www.sciencedirect.com/science/journal/09645691
https://www.sciencedirect.com/science/article/pii/S003807172030095X#!
https://www.sciencedirect.com/science/article/pii/S003807172030095X#!
https://www.sciencedirect.com/science/article/pii/S003807172030095X#!
https://www.sciencedirect.com/science/journal/00380717
https://www.sciencedirect.com/science/journal/00380717
https://www.sciencedirect.com/science/journal/00380717/146/supp/C
javascript:;
javascript:;
javascript:;

586 Afr. J. Microbiol. Res.

Eduardo Mondlane, Mozambique.

Nayak S, Behera S, Dash PK (2019). Potential of Microbial Diversity of
Coastal Sand Dunes: Need for Exploration in Odisha Coast of India
The Scientifc World Journal 2019:1-9.

Oliveira JRG, De Souza RG, Da Silva FSB, Mendes ASM, Yano-Melo
AM (2009). O papel da comunidade de fungos micorrizicos
arbusculares (FMA's) autéctones no desenvolvimento de espécies
vegetais nativas em area de dunas de restinga revegetadas no litoral
do estado da paraiba. Revista Brasileira de Botanica 32(4):663-670.

Oliveira RS, Castro PML, Dodd JC, Vosatka M (2005). Synergistic
effect of Glomus intraradices and Frankia spp. on the growth and
stress recovery of Alnus glutinosa in alkaline anthropogenic
sediment. Chemosphere 60(10):1462-1470.

Oliveira EVS, Landim MF (2020). Dunes in the North coast of Sergipe,
Brazil: plant species and their ecological traits. Rodriguésia 71:1-18.
Pefia-Becerril JC, Monroy-Ata A, Orozco-Almanza MS, Garcia-Amador
EM (2016). Establishment of Mimosa biuncifera (Fabaceae)
inoculated with arbuscular mycorrhizal fungi in greenhouse and field
drought conditions. International Journal of Tropical Biology and

Conservation 64(2):791-803.

Pérez-de-Luque A, Tille S, Johnson |, Pascual-Pardo D, Ton J, DD
Cameron (2017). The interactive efects of arbuscular mycorrhiza and
plant growth-promoting rhizobacteria synergistically enhance host
plant defences against pathogens. Scientific Report 7:1-10.

Pimprikar P, Gutjahr C (2018). Transcriptional regulation of arbuscular
mycorrhiza development. Plant and Cell Physiology 59(4):678-695.
Prisco |, Carboni M, Acosta ATR (2013). The fate of threatened coastal
dune habitats in Italy under climate change scenarios. PLoS One

8(7):1-14.

Romero CGK (2012). Influencia de las micorrizas arbusculares sobre el
crecimiento y respuesta a la sequia de Piscidia carthagenensis
Jacq.: Implicaciones en la recuperacion de un bosque seco de la
peninsula de Macanao, Isla de Margarita. Tesis (Doctor) -
Universidade Central de Venezuela, Venezuela.

Santos J, Schreck RC, Gongalves MT, Freitas H, Santos J, Reis CS,
Gongalves MT, Freitas H (2004). Micorrizas em Ammophila arenaria
— comparacdo entre dois sistemas dunares. Revista de Biologia
22:101-108.

Sharma N, Aggarwal A, Yadav K (2017). Arbuscular mycorrhizal fungi
enhance growth, physiological parameters and yield of salt stressed
Phaseolus mungo (L.) Hepper. European Journal of Environmental
Sciences 7(1):5-13.

Sigren JM, Figlus J, Armitage AR (2014). Coastal and dunes and dune
vegetation: Restoration, erosion, and storm protection. Shore and
Beach 82(4):5-12.

Silva-Flores P, Bueno CG, Neira J, Palfner G (2019). Factors Affecting
Arbuscular Mycorrhizal Fungi Spore Density in the Chilean
Mediterranean-Type Ecosystem. Journal of Soil Science and Plant
Nutrition 19:42-50.

Shi S, Chen K, Gao Y, Liu B, Yang X, Huang X, Liu G, Zhu L, Hua-He X
(2016). Arbuscular mycorrhizal fungus species dependency governs
better plant physiological characteristics and leaf quality of mulberry
(Morus alba L.) seedlings. Frontiers in Microbiology 7:1030.

Simpson D, Daft MJ (1990). Interactions between water stress and
different mycorrhizal inocula on plant growth and mycorrhizal
development in maize and sorghum. Plant Soil Journal 21:179-186.

Smith SE, Read DJ (2008). Mycorrhizal symbiosis. Academic Press.
San Diego, USA. P 800.

Sperandii MG, Bazzichetto M, Gatti F, Acosta ATR (2019). Back into the
past: Resurveying random plots to track community changes in Italian
coastal dunes. Ecological Indicators 96:572-578.

Sun C, Liu Y, Zhao S, Li H, Sun J (2017). Saltmarshes response to
human activities on prograding coast revealed by a dual-scale time-
series strategy. Estuaries and Coasts 40:522-539.

Teixeira LH, Weissen W, Ganade G (2016). Facilitation and sand burial
affect plant survival during restoration of a tropical coastal sand dune
degraded by tourist cars. Society for Ecological Restoration 24:390-
397.

Tristdo LE, De Figueiredo PAM, Zied DC, Lisboa LAM, Alves VG
(2016). Parametros agrondémicos iniciais de cana-de-aclcar
inoculadas com fungos micorrizicos arbusculares. 1° Encontro
Internacional de Ciéncias Agrarias e Tecnoldgicas, pp. 529-537.

Wang J, Fu Z, Ren Q, Zhu L, Lin J, Zhang J, Cheng X, Ma Ji, Yue J
(2019). Effects of Arbuscular Mycorrhizal Fungi on Growth,
Photosynthesis, and Nutrient Uptake of Zelkova serrata (Thunb.)
Makino Seedlings under Salt Stress Forests 10(186):1-16.

White RA, Piraino K, Shortridge A, Arbogast AF (2019). Measurement
of Vegetation Change in Critical Dune Sites along the Eastern Shores
of Lake Michigan from 1938 to 2014 with Object-Based Image
Analysis. Journal of Coastal Research 35(4):1-11.

Winagraski E, Kaschuk G, Monteiro PHR, Auer G, Higa AR (2019).
Diversity of arbuscular mycorrhizal fungi in forest ecosystems of
Brazil: A review. Cerne 25:25-35.

Zorato MF, Homechin M, Henning AA (2001). Efeitos da assepsia
superficial com diferentes agentes quimicos na incidéncia de
microrganismos em sementes de soja. Revista Brasileira de
Sementes 23(1):159-166.


http://frontiersin.org/people/u/302606
http://frontiersin.org/people/u/355436
https://link.springer.com/journal/12237

