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up from thesoil by AMF hyphaeareconverted into arginineand

transported in thisform acrossthehyphaetowardsthehost roots.

Then N is released into the roots without any carbon (C) links

(Govindarajulu et al., 2005).

Nitrate is often the main N source in fertilized soil solutions

(J€amtgardet al., 2010) and it ismoremobilethan NH4
+. Nitrateis

taken upviaanenergy-dependent uptakeprocessbyspecific, highly

regulated transporters (Fig. 2) belonging to the huge nitrate and

peptidetransporter families– theNPF (NRT1/PTRfamily; Leran

et al., 2014), NRT2 and NRT3 families (Orsel et al., 2002; Bai

et al., 2013). Inplants, NPF isalargeprotein family (85, 79and62

members in rice, poplar and Arabidopsis, respectively) whose

memberstransport either NO3 with lowaffinityor di-/tripeptides

(Krouk et al., 2010), and also nitrite, glucosinolatesor phytohor-

mones (Bai et al., 2013). In AMF, only one high-affinity

transporter belongingtotheNRT2familyhassofar been described

in R. irregularis(GiNT), and it was shown to be expressed in all

AMF tissues(spores, extraand intraradical mycelium, arbuscules).

GiNT could have a key role at the symbiotic interface by

establishing a competition for NO3 between the plant and the

AMF, through regulating bidirectional fluxes (Tian et al., 2010;

Koegel et al., 2015). GiNT could be regulated at the plant–soil

interfaceby theinternal concentrationsof NH4
+ and/or glutamine

(Fellbaum et al., 2012). In roots, the regulation of NO3

assimilation depends on both the presence of AMF (Gomez

et al., 2009; Guether et al., 2009), and theN and Pstatusesof the

two partners(Hohnjec et al., 2005; Drechsler et al., 2017).

However, soil organismsoften assimilateNH4
+ directly because

it is a more energy-efficient way than the uptake and ensuing

reduction of NO3 to NH4
+ (Marschner, 1995). Several plant

ammonium transporters (AMTs), partly characterized as high-

affinityAMTsand upregulated duringAM symbiosis(reviewed by

Courty et al., 2015; Garciaet al., 2016), aredispatched in thefour

AMT1/2/3/4 clades (Loque & von Wiren, 2004) (Fig. 2). In

monocots, the AM-inducible AMT3;1 seems to be conserved

among plant families, suggesting that AMTs probably evolved

from acommon ancestor (Koegel et al., 2017).

Ammonium, and in somecasesNH3 (asshown for L. japonicus

LjAMT2;2; Guether et al., 2009; B€ucking & Kafle, 2015), is

actively transferredbyAMFtotheacidicperiarbuscular spaceof the

solearbuscule branches. Then, theuncharged NH3 is released by

AM-induced AMT into the cytoplasm of arbuscule-containing

cells(Kobaeet al., 2010; Koegel et al., 2013, 2017). Thus, protons

remain in theperiarbuscular space, andcould reinforcethegradient

of H+-dependent transport processes (see Section 2.1). AMTs

could differ in their functions/activities; they might haveasensing
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Fig. 1 Soil nutrients, bacteria and mycorrhizal

vsnonmycorrhizal pathways. The extraradical

mycelium 1 and 2 correspond either to two

different arbuscular mycorrhizal fungal (AMF)

species or two isolates from the same species.

The extraradical mycelium isan extension of

the root system, foraging soil that isnot

accessible to the root system. Some bacteria

interact with the extraradical mycelium to

mobilize nutrients. Leguminousplants have

two different root symbioses: arbuscular

mycorrhizal (AM) symbiosis and rhizobia.
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AMF main benefits



Main objectives:

• Evaluate growth on different substrates;

• Test two cotton varieties in order to verify their ability to

be mycorrhized;

• Evaluate AM fungal effect on cotton growth;

• Identify AMF present in Mozambican cotton cultivated

soils;



• Sand

• Soil
Substrates

• CA 324 (CA)

• ALBARSZ 9314 (ALB)
Cotton

varieties

• MycAgro Lab

• Micosat F Radinet

• Micosat F SEMI

Inocula

3 VARIABLES

ALBCA  
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Bars correspond to: 
1.4 µm in A,C,E; 
2,6 µm in B; 
1 µm in D;
0,8 µm in F

Legend:
Plant cell wall (Pcw)
Mitochondria (m)
Fungus (F)
Intraradical Fungus (*F)
Collapsed Fungus (cF)
Fungal nucleus (Fn)
Fungal cell wall (Fcw)
Vescicles (v)
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AMF effects on cotton growth

PUBLICATION:
Victorino I, Martins C., Ventura S., Quilambo O. , Girlanda M., Voyron S., Berruti A., Bianciotto
V., Lumini, E. 2018. Microbial Resources for agriculture: Arbuscular Mycorrhizal Fungi in
Cotton and their Potential Use as Biofertilizer X CONFERÊNCIA CIENTÍFICA, "UEM
fortalecendo a investigação e a extensão para o desenvolvimento" 26-28/09/2018. Poster
and oral presentation.

C – Control
T – AMF inoculated 

C T

 Highly ramificated root system;

 Higher height;

 Less diseases;



• random block experimental design
 3 plots; 3 plants/plot

• weed control
• manual irrigation
• no fungicide or pesticide
• different agriculture management

• tropical climate, with a long and
hot summer
• average temperatures from 22°C
to 36°C
• soil texture very dissimilar
between three sites

Sampling in Mozambique



Open field soil and roots DNA extraction and amplification

ITS2 Fungi fITS9-ITS4

Illumina MiSeq

Root and soil fungal diversity and 
community structure

2 soil kits 
DNeasy Power Soil kit (QIAGEN)

DNeasy Plant kit (QIAGEN)

 30 root samples

 30 soil samples



To conclude:

Commercial AM inocula increased root colonization and cotton yield showing to be a

suitable alternative to reduce agrochemicals use in cotton cultivation. Inocula with more

than one AM fungal species tend to readily infect cotton plant roots as previously

described for many other plant species. For this reason, all the research efforts to select

and improve local AMF propagation and use are encouraged, and by this formulate a AM

fungal-based inocula..



Future steps…

• Roots and soil from cotton field:

 Trap culture with local plant species

 DNA extraction (Mozambique)

 PCR amplification (Italy)

 Paired-end Illumina MiSeq analysis (Italy)

• Selection of AMF of interest for cotton

• Testing of new AMF consortium

 Greenhouse

 Open field
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