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Abstract

A wide program of fruit tree planting, notably jbj trees, has been implemented in the
framework of the pan-African Great Green Wall (GGpvdject to improve food security in
arid and semiarid regions. However, the successidf initiatives is highly limited by a low
tree growth and high tree mortality rates due amgplant shocks from tree nursery to field.
The positive impact of mycorrhiza-based ecologeagineering strategies on jujube trees
were previously demonstrated in nursery conditidng, field monitoring is necessary to
evaluate their sustainability in terms of plantwtio and survival. In the current study, local
(Tasset) and exotic (Gola) jujube cultivars werstdd for their response to mycorrhizal
inoculation with the non-native arbuscular mycarahi(AM) fungusRhizophagus irregularis
IR 27 and fertilization with rock phosphate. Theviemnmental impacts of both treatments
were assessed by characterizing the native AM fuog@amunity in a 13-month-old jujube
orchard. Field results demonstrated higher ratesunfival and a relative stability of nursery-
driven plant benefits of inoculated jujube trees,waell as a potential higher persistence of
AM fungal inoculum for the exotic cultivar. The na& AM fungal community associated
with the local cultivar was the most diverse, bubr@eraceae was predominant in both
cultivars. The mycorrhiza-based ecological engimgesstrategies proposed in this work
affected both AM fungal communities, notably Gloamzae and Gigasporaceae members,
but in a higher extent for the local jujube cultivResults highlight the strong benefits of
mycorrhizal inoculation at the very early stagedreté seedling growth in nursery and their
stability in the first year of plantation. Nevertbgs, a deeper assessment of mycorrhizal
inoculum persistence and spread, and a wider ciesization of soil and root microbiome
need to be implemented in further field monitoritoy better evaluate the environmental

impacts.

Keywords: Arbuscular mycorrhizal fungi communitiRhizophagus irregularjsinoculation;

lllumina sequencing; Rock phosphaféziphus mauritiana
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1. Introduction

The jujube tree Ziziphus mauritianaLam.) is a multipurpose fruit tree commonly used in
Sahelian and Sudanian areas in West Africa (Okdf®®1). It is an important source of
income for rural communities and contributes torowene nutritional problems (Arbonnier,
2000). For these reasons, the jujube tree is drire® species selected by the pan-African
Great Green Wall (GGW) project to « green » anditfiggainst the poverty, degradation of
soils and desertification (Dia and Niang, 2010)Sknegal, the GGW project promotes tree
planting and economically interesting drought-tafgrplant species, water retention ponds,
agricultural production systems and other incomeegating activities, as well as basic social
infrastructures. However, fruit tree planting pramis in such environmental conditions (i.e
drought, degraded land) are generally subjectealltv tree growth and high tree mortality
rates due to transplant shocks from tree nurseryield (Close et al. 2013). Different
strategies were proposed to improve the growth samdival of fruit trees, e.g. inoculation
with arbuscular mycorrhizal (AM) fungi, fertilizath with rock phosphate (RP), and plant
propagation by micrografting (Reena and Bagyar2901 Guissou et al. 1998; Ba et al. 2000;
Mathur and Vyas, 200@anthu et al. 2002, 2004; Ba et al. 2003; Guis2009; Sidibé et al.
2012).

The jujube tree is highly dependent on AM symbi@Bia et al. 2001; Thioye et al. 2007) and
it has been suggested than AM fungal root coloiimadf jujube seedlings in a nursery was
an essential prerequisite to limit the mortalityootplanted jujube trees in the field (Ba et al.
2001). AM fungi are known for their ability to imgwe plant growth and notably to
efficiently scavenge for soil phosphorus (P) researn(Smith and Read 2008), one of most the
limiting resources in West African soils for thetadishment of tree plantations and
agriculture crops (Friesen et al. 1997). Paraddlyicenportant resources in phosphate rocks
(RP) are available in West Africa, and their useldgrovide an alternative to soluble P
fertilizers that are poorly accessible to rural commities due to their high containable
(Nziguheba et al. 2015).

Previous studies have demonstrated that jujubes tassociated with AM fungi showed a
better growth and mineral nutrition than non AMesated jujube trees (Guissou et al. 1998;
Ba et al. 2000; Ba et al. 2001; Sidibé et al. 2@@issou et al. 2016), for example by using
more efficiently soluble P from RP (B& et al. 2Q0dpwever, the beneficial effects of AM
fungal association were dependent on jujube spemedsAM fungal species (Thioye et al.
2017).



79  Rhizophagus irregularisisolate IR27 (synGlomus aggregatuniR27; Ba et al. 1996) was
80 one of the most efficient AM fungi to promote grémand mineral nutrition of various jujube
81 tree species and provenanceZofmauritiana(Thioye et al. 2007). This AM fungal species
82 has a worldwide distribution (Opik et al. 2006), Iwadapted to competition in natural
83  habitats and disturbed agroecosystems (Opik &08I6; Bouffaud et al. 2016). It represents
84 the most widely used AM fungal species in mycomHiased ecological engineering
85 strategies (Ceballos et al. 2013), mostly becatisés @bility to be cultured in am vitro

86 system (Bécard and Fortin, 1988; St-Arnaud et 886}, allowing to set up a large-scale
87  biotechnological production.

88  However, monitoring of mycorrhiza-based benefigknt effects from tree nursery to field,
89 and the evaluation of impacts on native microb@hmunity as the mycorrhizal community
90 were poorly assessed (Alguacil et al. 2011; Peleget al. 2012), notably regarding fruit
91 trees (Reebild, 2012). Since the development of geweration sequencing technologies,
92 field-based monitoring of microbial biodiversity ted a genuine revolution, providing
93 unprecedented insights into the ecology of AM furaganmunity in a wide range of climatic
94  zones (Davison et al. 2015), but Sahelian regiensaims poorly represented

95 The current study aimed the evaluation of differ@ytorrhiza-based ecological engineering
96  strategiesj.e. using aR. irregularis inoculant combined or not with a RP fertilizer rfro
97 Senegal, on jujube seedling growth and nutritiortré® nursery and after outplanting in an
98 experimental field. The ecological impact of eacactice will be assessed by the monitoring
99  of AM fungal community structure and diversity asisded with jujubes trees after one year
100 of plantation by using high throughput lllumina seqcing. The work was carried out on two
101  different jujube tree cultivars from different penances, a local one adapted to the harsh
102  conditions observed on the route of the GGW andlradian provenance particularly
103  appreciated by West African farmers because girigsocity in fruiting, the larger size of its
104  fruits and its taste (Vashishtha, 1997; Danthu.e2G04).

105

106 2. Materials and methods

107  2.1. Mycorrhizal inoculum, fertilizer and plant neal

108  The Rhizophagus irregularissolate IR27 (synGlomus aggregatuniR27; Ba et al. 1996)
109 originated from amcacia holosericeplanting in the North of Burkina Faso, and proddsy
110 the LCM laboratory (IRD, Dakar, Senegal, certifi®kD 9001, version 2000), was used as

111 AM fungal inoculum. It was propagated on maizéed maysL.) for three months on
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sterilized sandy soil in a tree nursery. The saswly used in the experiment was collected
from Sangalkam (Senegal). It was a sandy soil 8&8 % sand, 5.8 % silt, 5.4 % clay, 0.6 %
organic matter, 0.3 % total C, 0.02 % total N,adl/N = 14, 333.5 ppm total K, 41.4 ppm
total P, 2.1 ppm P-Bray 1, 1.03 ppm Ca, 0.3 ppm phj= 6.0 of a soil/water mixture (ratio
1:2, viv) and pH = 4.6 of a soil / KCI mixture (i@tl:2, v/v). The soil was passed through a 2
mm sieve, sterilized for four hours in an autoclaven system at 180°C to eliminate native
AMF, and transferred into plastic bags (1.5 kg ofl per plastic bag). The AM fungal
inoculum consisted of sand, spores, fragments ghag and maize root segments. The
inoculum density oR. irregularis IR27 was calibrated by the most probable numbehatkt
(Adelman and Morton, 1986) as 1635 infective prapeg per 20 g of inoculum. Non-
inoculated controls also received 20 g of autodasrede AM fungal inoculum. The fertilizer
consisted of rock phosphate (RP, 30 % eDd4P provided by the Société d’Etudes et de
Réalisation des Phosphates de Matam (Senegal)adt wged 0 and 1.73 g P/kg/plant,
according to Ba et al. (2001).

Two cultivars of jujube seedlings (Tasset from Sgheand Gola from India) were used in

this study and provided by the CNRF / ISRA (Sengpd#eds of each jujube seedlings were
surface-sterilized with 1 % NaOCI for 15 min, wadlseveral times and soaked in sterile
distilled water for 30 min before being plantedhe soil as three per plastic bag (24 cm x 7.5

cm).

2.2.Nursery experimental set up and plant growéasarements

Plants were grown in a tree nursery at researctecé&RA / IRD (Bel Air, Dakar, Senegal)
(14°44°N, 17°30'W) under natural sunlight (35°C d&r°C night, relative humidity 75 %
and 14 h photoperiod). After emergence, the segsliwere thinnedo one plant per plastic
bag. The experiment was set up as a 2x2x2 factbeggn consisting of two jujube cultivars,
with AM fungal inoculation or not, and with or witht RP fertilization. Experiment was
arranged in a completely randomized design withré&flicates per treatment combination.
Mycorrhizal inoculation and fertilization with RPene achieved by placing either 20 g

portions of AM fungal and /or two different RP dedeelow the seeds during transplanting.

Four months after sowing, plants were harvestetid¢asure height, collar diameter and dry
weight of shoots and roots (48 h at 70° C). Forongtzal root infection measurement, a part

of fresh fine roots was collected from the roottegs of each seedling. Root were gently
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washed under tap water, bleached (KOH, 10 %) &€ &lfting 30 min, and stained in 0.05 %
Trypan blue at 80°C during 35 min following the m&d of Phillips and Hayman (1970).
Percentage of root length colonized by AMF was ss=# at x40 magnification using 100
fragments of lateral roots (approximately 1 cm téhgn microscopic slides. Mycorrhizal
root colonization was evaluated by using the metbibd@rouvelot et al. (1986). P, N and K
contents in jujube leaves were quantified at theMi®Alaboratory (IRD, Dakar, Senegal,
certified 1ISO 9001, version 2000) as follows: Iéiabues of each plant were dried, ground,
mineralized through heating at 500 °C, digested ml HCI (6N) and 10 ml HN@ Total P
and N contents were determined by the molybdate hethod and Kjeldahl method,
respectively. Total K contents were determined bgans of an atomic absorption

spectrophotometer.

2.3./Field experimental set up and plant growth sueaments

The orchard (5 ha) was located near the villageAofally in the rural community of
Tessekere (15°59'N, 15°19'W) on the route of GGWhia Ferlo region in the Sahelian zone
of North, Senegal. The climate is arid with low ardatic mean annual rainfall varying from
100 to 400 mm. The predominant vegetation consistew trees (i.eZiziphus mauritiana
Balanites aegypticandAcacia senegdl open shrub steppes and grasslands growing dysan
soil (Vincke et al. 2009). Physical and chemicabhlgses of soil were performed in the
Agricultural Chemistry Laboratory in Rio de Jane(&razil) with means as following: pH:
6.41; C: 0.12 %; Al: 0 mg; Ca: 160.32 mg; K: 69rﬁg.L'1; Mg: 41.33 mg; N: 0.02 %; P:
1974.7 mg The mycorrhizal soil infectivity determined by tihMPN method was very low
reaching 4.47 propagules per 100 g of soil. Aftearf months, pre-inoculated and pre-
uninoculated plants were transplanted to fieldh(etgeatments). Rate of survival, height and
collar diameter were recorded at 3, 8 and 13 moafites transplanting and mycorrhizal root

infection was only recorded at 13 months.

2.4. DNA extraction, PCR and MiSeq Illumina sequenc

Thirteen months after plantation, three jujube treet systems for each treatment per
replicated block were sampled and pooled (a tdt&@2oroot samples). Each composite root

sample was wrapped in tissue paper and placedpiastic bag containing silica gel and
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stored air-tight at room temperature. DNA was etad from 40-50 mg of dried fine roots
using a FastPrep-24 homogenizer (MP biomedicalsofggyr lllkirch, France) and the
FastDNA® SPIN kit (MP biomedicals, Europe) accogdito manufacturer’s instructions.
DNA extracts were then loaded onto PVPP (polyviolypyrrolidone) Micro Bio-Spin®
Columns (Bio-Rad, Marnes-la-Coquette, France) dote@ by centrifugation to improve
DNA purity and avoid PCR inhibitors. Two replicateere done per composite root sample.
The same approach was used to extract DNA fromAtfiefungal inoculum (20 g). DNA
integrity was checked on 1.5 % agarose gel aneédtar -20°C until used in the steps of gene

amplification.

Molecular diversity of AM fungi (Glomeromycota) fmo plant DNA was assessed by 18S
rRNA gene amplification with the primers NS31 anMI& (Simon et al. 1992; Lee et al.
2008) according to Davison et al. (2012). PCR rowad carried out in a final volume of 50
pl with NS31 and AML2 primers (0.6 uM each), 2 NB (2 extracted DNA replicates per
sample), 200 uM of each dNTP, 200 ng/ml BSA, GoT&®A Polymerase (2 units) and 1X
Green GoTag® Reaction Buffer (Promega, CharbonsieRgance), with the following
cycling conditions: 94°C for 3min; 30 cycles of @4for 30 s, 58°C for 90 s, 72°C for 80 s; a
final elongation step at 72°C for 10 min. After PQRe amplification products (pools of
PCR: 2 x 5Ql) were purified by using illustra GFX PCR DNA afil Band Purification Kit
(GE Healthcare Life Sciences, Velizy-Villacoublafrance) following manufacturer’s
guidelines. Then, DNA concentration of PCR produstse quantified by using a Qubit
fluorometer (Qubit Fluorometric quantitation, Imagen) and the Qubit dsSDNA HS Assay
Kit. PCR product concentration was adjusted to 4@hand subjected to paired-end lllumina
MiSeq sequencing (2x300 bp) by Molecular Reseafeh(MR DNA, TX, USA). The 18S
rRNA gene from the AM fungal inoculum has been afigad with the primers AML1 and
AML2 according Lee et al. (2008) and sequenced ¢Sereen, Lille, France). The sequence
has been submitted to the NCBI database undersicoesumber MH571752.

2.5. Bioinformatic data processing

MiSeq lllumina sequencing data were analysed bygudilothur software according the
standard operating procedure (http://www.mothuheitd/MiSeq_SOP) proposed in Kozich
et al. (2013), except that only forward reads wamalysed because of the length of PCR

products not suitable for paired reads and of adrigjuality of forwards reads compared to
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reverse reads. All sequences were depleted of éh@scand primers and a quality cutoff of
Q30 was selected. The sequences < 150 bp or withigaous base calls or with

homopolymer runs exceeding 8bp were removed. Acjustering step (Huse et al. 2010) was
also performed to remove sequences still likely ttudlumina sequencing errors. Chimera
were checked by Uchime (Edgar et al. 2011) impldetkin Mothur software because it
showed improved performance over the Chimera Slalgarithm (Schloss et al. 2011). All

sequences were first classified by using classifissand a SILVA-compatible alignment
database (Eukarya) to remove all no Glomeromycetuences. Secondly, a preliminary
clustering of sequences in OTUs with a 3 % divecgetinreshold was performed by using
dist.seqs and cluster commands in Mothur, and ialileton OTUs were removed. The
representative sequences of each OTU were then arechpwith a broader nucleotide
database (Genbank database, BLASTN progrémtp://www.ncbi.nlm.nih.gov/genbank),

and all OTUs for which the representative sequgmesented a similarity score < 95 % (100
% coverage) with the reference sequences were aectlof the data set. The number of
sequences between each sample was then normaliteduk.sample command. This sub-
sampling step allows reducing the number of spsri@TUs and is widely used to obtain
robust estimation of alpha and beta diversity (@Bdpret al. 2012). Finally, taxonomic

affiliation of OTUs was done using classify.otu ath@ Glomeromycota-based 18S rDNA
sequence database from Kruger et al. (2012). Tkentanic affiliation of OTUs was

considered significantly robust for a given taxomonevel when the confidence threshold
was superior to 50 % (https://rdp.cme.msu.edu/mitéx.php/Classifier_Help). Raw data are
available under the BioPproject ID PRINA479949%éttwww.ncbi.nlm.nih.gov/bioproject).

2.6. Statistics

The AMF percentage colonization data were (arcsi)¥? transformed to achieve
homogeneity of variances. Means among all treatsndpijube cultivars, AM fungal
inoculation or not, RP fertilization or not) werenspared with three-way analysis of variance
(ANOVA) followed by Tukey's HSD (Honestly signifioa differences R < 0.05) using
XLSTAT software (version 2010, Addinsoft).

Diversity (Shannon, inverse Simpson [1/D], covejagehness (number of OTUs, Chao) and
evenness indexes (Shannon index-based measurepstemated. The sequencing effort was

evaluated by using Boneh calculator (Boneh et388) implemented in Mothur. All indexes
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were compared among all treatments using R vei3i8ri (R Core Team , 2017) by three-
way ANOVA followed by post-hoc Tukey test, as implented inaoy) and TukeyHS)
functions. AM fungal community membership among atneents (jujube cultivars,
inoculation or not) was assessed using tken.diagrarf) function from the R package
VennDiagram version 1.6.17 (Chen, 2016). The diffiees in the AM fungal community
structures among all treatments were based on thg-®urtis dissimilarity matrix and
assessed using non-parametric permutational mu#tea analysis of variance
(PERMANOVA) as implemented in theedonig) function from the R package vegan version
2.4-3 (Oksanen et al. 2016). Multivariate disparsicas estimated for each treatment using
the betadispef) function andpermuteq) as it can affect PERMANOVA results. The
significance of AM fungal OTUs with respect to thgube cultivar or the jujube status
(inoculated or not, fertilized or not) was deteradrusing the indicator value (IndVal) index,
as implemented imultipat{) function from the R package indicspecies (De €2és and
Legendre, 2009)Two different probabilities were calculatess. A (specificity), representing
the probability of a sample to be defined by a gr@um, jujube cultivar, AM inoculation
status, fertilization status), given that the OTdshbeen detected, and B (sensitivity)
representing the probability of finding the OTU iffetent samples characterized by a given
group. Only the OTUs present in more than halfashgles for a given group are considered,
i.e. B superior to 0.5Table transformations in R were performed withtidgverse packages
version 1.1.1 (Wickham, 2017).

3. Results

3.1. Tree nursery — Growth, mineral nutrition anglaorrhizal colonization of jujube trees

Tree growth and nutrition of both cultivars wergrsficantly improved by mycorrhizal
inoculation withRhizophagus irregulari$R27 (Table 1), with relatively stronger effects o
the Gola cultivar compared to the Tasset cultiMBy. contrast, fertilization with rock
phosphate (RP) showed no effect on tree growthaitrition, excepted regarding N nutrition
for Gola cultivar, and no additional effect was etv&d when mycorrhizal inoculation was
combined with RP fertilization compared to mycozdii inoculation only. A similar
percentage of mycorrhizal infection was observedfih Tasset and Gola cultivars, reaching
65.8 % to 68.9 %, respectively. However, RP feudiion significantly decreased the

mycorrhizal infection of both cultivars (Table 1).
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3.2. Field monitoring — Survival, growth and myduamal colonization of jujube trees

Beneficial effects (tree height and collar diametd#rmycorrhizal inoculation were observed
on both jujube cultivars preliminary subjected tiffeslent mycorrhiza-based engineering
strategies in tree nursefynycorrhizal inoculation combined or not with RRtilezation),
until the 13 months after outplantings observed in tree nursery, jujubes only fexdidi with

RP showed characteristics similar to controls dutime.

Three months after planting, the rate of survived dot differ significantly between
inoculated and non-inoculated plants, ranging fitin% to 96 %. After 8 and 13 months,
there was a significant increase in the rate ofigar mediated by the mycorrhizal inoculation
and mycorrhizal-fertilized treatments, notably fitasset. The 13-month-old non-inoculated
jujube trees showed low percentage of survivalg #b. and 45.8 % for Gola and Tasset
respectively, whereas these percentage reach mamer0 % for the 13-month-old inoculated
jujube trees, 70.8 % and 75 % for Gola and Tagsspectively (Table 2). The height of
jujube trees was the only parameter significaniffecent between 13-month-old inoculated
jujube Gola (> 80 cm) and Tasset (< 75 cm) culdvdn the mycorrhizal treatments, the
highest values for height (81.2 cm) and collar aiten (24.8 mm) were recorded for Gola.
The estimation of height and diameter evolutionryd3 months after transplanting showed
a stability of nursery-driven impacts, with subsi@nhigher rates (slope value of linear
regression) notably for the height of inoculatexe (Fig. S1).

Mycorrhizal colonization was observed at 13 mondifter transplanting in jujubes roots.
Colonization levels were higher for all inoculatieelatments of Gola (59.8 % inoculated and
50 % inoculated-fertilized) and Tasset (56.4 % ulated and 46.4 % inoculated-fertilized)

compared to non-inoculated controls and fertilizedtments (Table 2).

3.3. Field monitoring — Composition of the jujulm®t-associated AM fungal community

Overall, 285,783 sequences (forward reads) witrediam length of 241 bp passed the initial
quality assessment. Then, 166,737 sequences wervee after alignment denoising step,
removal of chimera, non Glomeromycota sequences samgletons. In order to perform
reliable comparison among samples, a normalizatbrsequence number was applied
(number of sequence per sample set to 2,351),ngadia subset of 70,530 sequences. The

clustering of final data revealed 239 AM fungal GsTdktected in a total of 30 composite root

10



303
304
305
306
307
308
309
310

311
312
313
314
315
316
317
318
319
320
321

322

323
324

325
326
327
328
329
330
331
332
333
334

samples. The majority of AM fungal OTUs belongedGlmmeraceae (94 % of total reads,
178 OTUs) (Table S1), and few OTUS to Diversispegac(3 %, 31 OTUs), Paraglomeraceae
(2 %, 11 OTUs), Gigasporaceae (0.5 %, 8 OTUs), hsporaceae (0.06 %, 6 OTUS),
Geosiphonaceae (0.01 %, 3 OTUs), Claroideoglomaeadg 0.01 %, 1 OTU) and
Pacisporaceae (<0.01 %, 1 OTU&lomeraceae OTUs belonged $alerocystis(28 % of
Glomeraceae read$phizophagug27 %), Glomeraceae related@omussensu lato (22 %),
Glomussensu stricto (20 %), and in a lesser exter@eptoglomug$4 %), Funneliformis(0.4

%) and unclassified Glomeraceae (0.02 %).

The native jujube root-associated AM fungal (untedajujube trees) was composed of 85
(Gola) to 98 (Tasset) OTUs, with 80 % of sequenmedsted to 15 known genera and 20 %
only to Glomeraceae with uncertain position (unsifesd Glomeraceae an@lomussensu
lato) (Table S2). A core AM fungal sub-community4f OTUs (93.4 % of sequences) (Fig.
1) was largely dominated by Glomeraceae, whose Zchrocystis18 %Rhizophagus28

% Glomussensu stricto, 21 %wlomussensu lato, 6 %eptoglomuand < 1 Yd~unneliformis
(Fig. 1, Table S2). The cultivar Tasset presented most diverse AM fungal community
(Table 3), with a significant association of ei@Us related td&RedeckeraRhizophagusnd
Glomus sensu stricto (Table S2). Three OTUs related@omus sensu stricto were
significantly associated with the Gola cultivar ith a relatively low specificity (A < 0.7)
(Table S2).

3.4. Field monitoring — Impact of ecological engineg strategies on the jujube root-

associated AM fungal community

A robust diversity coverage was obtained for the Agal community associated with both
jujube cultivars, independently of jujube statusofulated or not, fertilized or not), reaching
more than 99 %, and with Boneh estimates evaluatizss than seven OTUs (Table 3). After
13 months, AM fungal inoculationP(< 0.001) and the type of cultivaP (< 0.05) had
significant effect on AM fungal community richnesshereas RP fertilizationP(< 0.05)
mostly impacted AM fungal community diversity (TabB). However, results revealed a
fertilization effect on AM fungal community richregP < 0.01) and diversityR < 0.05)
highly dependent on AM fungal inoculation. No impat ecological engineering strategies
was observed on the evenness of AM fungal comnasyibut a relativelylow evenness was

revealed, ranging from 0.4 to O.&lobally, mycorrhizal inoculation and RP fertiltizan
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negatively impacted AM fungal richness and divgrsivith the most significant impact
observed for the local jujube cultivar Tasset wirestulated withR. irregularisIR 27. The
use of RP fertilization in combination to mycorriznoculation did not show a significant
impact on AM fungal community richness and divgrstiompared to single treatments
(inoculation or fertilization) Association analysis between each OTU and jujulitevats or
jujube statuginoculated or not, fertilized or notpvealed high significant associations for
two OTUs related toRhizophagusand Glomus sensu lato with the Tasset cultivar,
independently of jujube status (Table 4), sugggstineir stability through treatments.
Fertilization status was characterized by the aagon with Glomeraceae OTUs, one with
fertilized jujube trees antivo with non-fertilize jujube trees independentfyjujube cultivars

and inoculation status (Table 4).

As observed for AM fungal community richness andedsity, jujube inoculation witlR.
irregularis IR27 appeared as the most significant treatmErt 0.011) affecting the AM
fungal community structure of jujube trees on tleddf (Table 5). Nevertheless, the type of
cultivar and the RP fertilization significantly affted the inoculation impact on AM fungal
community structureR = 0.019). The analysis of AM fungal community memsbg among
inoculated and non-inoculated jujube trees for libéh cultivars Tasset and Gola (Fig. S2)
revealed a predominant core AM fungal sub-commu(@®% of sequences) composed of 26
OTUs, as well as rare 23 OTUs (0.1 %) only detedtegljube trees inoculated witR.
irregularis IR27, and rare 66 OTUS (0.3 %) only in non-inotedjujube trees. AM fungal
inoculation of jujube trees negatively impactd®l < 0.05) the abundance of eight OTUs
belonging toCetraspora(OTU_31), Gigaspora (OTU_25), Glomus (OTU_07, OTU_39),
RedeckergOTU_08, OTU_34)RhizophagugOTU_04) andParaglomus(OTU_12) for the
Tasset cultivar, and eight OTUs belonging Gtomus sensu stricto (OTU_07, OTU_09,
OTU_78), Glomus sensu lato (OTU_15, OTU_20)Redeckera(OTU_16, OTU_41)
RhizophagugOTU_29) for the Gola cultivar (Fig. 2). Howevdwo OTUs belonging to
RhizophagugOTU_02, OTU_14) were positively impacted for Bela cultivar (Fig. 2). It
has to be noted that the comparison between therRB8® gene sequence from the AM
fungal inoculum and the representative sequeneaactf OTU revealed 100 % similarity with
one the most dominant OTUs, i.e. OTU_2 relate®Rtarregularis (Table S1). Association
analysis (Table 4) emphasized the global negatiyeact for five of these OTUs belonging to

Glomeraceae and Gigasporaceae, independentlyutifgwjultivar and fertilization status.
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4. Discussion

The improvement of plant growth through ecologieabineering strategies, notably using
mycorrhizal inoculants, constitute a sustainablpragch for increased food security and
ecosystem conservation (Rodriguez and Sanders,; 204% et al. 2017). However, their
long-term efficiency on field and their impact oatie microbial communities remain critical
issues for their adoption by national authoritiesl antegration by end-users in agricultural
and environmental practices. In this study, théciefficy and sustainability of two types of
mycorrhiza-based ecological engineering strategiepijubes were assessed from nursery to
field.

4.1. Beneficial effects of mycorrhizal inoculatimmjujube trees from nursery to field

The current nursery results emphasized the AM-ntediplant benefits previously observed
on different jujube cultivars or provenances (Gois®et al. 1998, 2016; Sidibé et al. 2012;
Thioye et al. 2017) in terms of growth and nutriaptake (N, P, K). In addition, a higher P
assimilation from RP of jujubes when inoculated Ry irregularis IR27 was confirmed
compared to non-inoculated jujubes (Ba et al. 198@)ertheless, no significant benefit was
obtained when RP fertilization was used combinedh winycorrhizal inoculation in
comparison to mycorrhizal inoculation alone, aseobsd in Ba et al. (2001). Some authors
argue that mycorrhizal inoculation can be considierge a substitute of P fertilization in tree
nursery management (Smith and Read 2008ddition, RP fertilization negatively affected
R. irregularis IR27 root colonization, which may suggest a notinepm P-supply in the
nursery conditions (Liu et al. 2016). The significa of increased P assimilation from RP
through mycorrhiza has been already showed as am¢fntunes et al. 2007), probably
depending of biotic (mycorrhizal strain x host p)aand abiotic (soil or substrat P contents,
provenance of RP) characteristics, and the duratigiant cultures (Ba et al. 2001; Antunes
et al. 2007; Khan et al. 2009). The mycorrhizal-ratl jujube nutritional benefit may
explain the enhanced jujube growth performance nbatnutritional benefits should also be
investigated to fully decipher mycorrhizal-mediaf@édnt fitness, notably on field (Delavaux
et al. 2017; Lekberg and Koide, 2014).

The beneficial effects of mycorrhiza-based ecolalgengineering strategies used in nursery
on jujube cultivars and their durability was evaéghon a field site characterized by degraded

and arid conditions. The impacts of mycorrhizal cmlation in degraded or desertified
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landscapes are expected to be highly significantaib&e of low soil mycorrhizal potential
(Hart et al. 2017), confirmed bgurrent resultsConsequently, a better establishment and
growth of jujube trees were expected as for otlemtp in similar harsh conditions (Requena
et al. 1996; Estaun et al. 1997; Duponnois et@52Bilgo et al. 2012)The most significant
plant benefit was the rate of survival, which cdogts the primary target in horticulture,
especially in such harsh environmental conditiha ones encountered in the pan-African
Great Green Wall (GGW) experimental sites. The fiermé mycorrhizal inoculation on
jujube height was still significant after 13 montlwdlowing outplanting but not on collar
diameter. However, more plant parameters shouldniestigated in long term to fully
evaluate the sustainability of mycorrhizal inocidateffects. A higher colonization rate was
still observed between inoculated and non-inocdlatpibes in the 13-month-old orchard, but
the differences observed in nursery between intedilaijube seedlings with or without RP
fertilization had disappeared likely due to nat&®l colonization. A two year-long field
monitoring (Pellegrino et al. 2012) previously derswated the link between an increase
colonization rate and yield increases, but a metyais based on inoculation surveys
between 1998 and 2003 confirmed this relationshiphly 23 % of study sites (Lekberg and
Koide, 2005). In addition, the benefit on field hae put in perspective since jujube heights
between untreated and treated (inoculation and¥dilization) trees were different when
transplanting. The monitoring of height-based @niter-based growth rate tends to show a
relative stability of pre-treatments in nurseryt Ibowore robust assessment of growth rates
taking a higher number of plant parameters areemebhe better field survival of inoculated
jujubes is evidently due to seedling status impnoeets (higher mycorrhizal infection rate,

nutrition) in nursery and potentially to a resideékct of the AM inoculated strain.

4.2. Field environmental impacts of mycorrhizaldatation on native AM fungal biodiversity

The range and sustainability of AM fungal-mediapdaint benefits (biomass, yield, survival)
are the most obvious concerns for end-users (Beetual. 2016), but the environmental
impacts of AM fungal inoculant introduction in agawsystems remains a critical issue.
Three levels of environmental impacts were categdri(Rodriguez and Sanders, 2015), (i)
alteration of composition and structure of nativisl Aungal population and/or community,

(i) exchange of genetic material with native AMhgal population and/or community, and
(iii) persistence and/or spread of AM fungal in@nik, increasing consequently the first two

impacts.
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The native AM fungal community in jujube roots wisgeted because considered as the
symbiotically AM fungal community (Chagnon et aD12; Hart et al. 2015), and differs
significantly from the soil (spore and extraradio&ycelia) compartment (Varela-Cervero et
al. 2015). Although over-interpretations were swgjge in experimental designs using
mycorrhizal-free plants as controls (Hart et al.120 the differences in mycorrhizal
infectivity between inoculated and non-inoculatagulpe trees may indicate a higher
colonization ofR. irregularis IR27 compared to the native AM fungal communitgdogse of

a priority effect due to pre-colonization of jujulots in the nursery (Verbruggen et al. 2013;
Werner and Kiers, 2015Yhis hypothesis is emphasized by the predominahcTd) 2 in
roots of inoculated jujube trees, especially foe #Bola cultivar. Indeed, this OTU may
indicate the persistence and abundanc®.ofrregularis IR27 since their 18S rRNA gene
fragment presented 100 % similarity. It has beematestrated that the persistence and
abundance of an AM fungal strain could be promdigdhe presence of other AM fungal
species (Hart et al. 2013), even if this AM fungédain was not the most efficient one.
However, more informative methods should be usethbity because of the limited resolution
of 18S rRNA gene to distinguish certain AM fungglesies (Hart et al. 2015). The new
advances in population genomic analysis (Savarale017) should be determinant to
evaluate not only the persistence R irregularisbased inocula but their spread, a major
environmental impact poorly investigated (Rodrig@eml Sanders, 2015; Hart et al. 2017,
Janouskova et al. 2017). A second hypothesis mathdeositive effect oR. irregularis
IR27 pre-colonization on the native AM fungal commiy colonization (Rodriguez and
sanders, 2015; Werner and Kiers, 2015). Benefintakractions between AM fungal inocula
and the native AM fungal community have been suiggetor field trials withOlea europaea

in semiarid, degraded land (Alguacil et al. 2011).

Few studies investigated in-depth the modificatimisnative AM fungal communities
following mycorrhizal inoculations, contrary to tlimpact of fertilization (Camenzind et al.
2014; Lin et al. 2012; Liu et al. 2016; Peyret-Guz2zt al. 2016; Williams et al. 2017). Most
of studies were based on low-throughput approaemesa limited number of community
characteristics (Pellegrino et al. 2012; Jin eR8L3). The dominance of Glomeraceae and its
high frequency in the native AM fungal communityjojubes confirms the worldwide trend
described by Davison et al. (2015). These obsematwere hypothesized as a consequence
of its ruderal life strategy (Chagnon et al. 2013, early productions of spores, high growth

rates, higher intraradical host colonization, whiish particularly adapted for early re-
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colonization of host plants in degraded environmenich as the ones encountered on the
route of the GGW. The preferentially intraradicakhcolonization of Glomeraceae members
may explained their predominance inside roots caat#o others AM fungal families such
as Pacisporaceae / Paraglomeraceae and Diversisperd Gigasporaceae, which allocate
their biomass mainly to the spores and the extreahdhycelium (ERM) (Goss et al. 2017).
Glomeraceae members were also the main family aitpwo differentiate the composition
and response of native AM fungal community betwieeth jujube cultivars, emphasizing the
hypothesis that AM fungal species with a prefemddlytiintraradical lifestyle are mostly
affected by host characteristics (Sosa-Hernandeal.et2018). The native AM fungal
community associated with jujube trees on the rootethe GGW presented several
particularities compared to the generally describéM fungal communities. First,
Rhizophagu®r Funneliformisor members oGlomussensu latgenerally constitute the most
dominant genera in Glomeraceae in semiarid enviesiisn(Yamato et al. 2009; Alguacil et
al. 2016; Torrecilas et al. 2012), but rar@pmussensu stricto déclerocystisas observed in
the current studySecond, Paraglomeracae, a rare AM fungal famibjh fungal surveys
(Davison et al. 2015), was the third most abunémmily detected inside the roots, even if its
abundance level remained low compared to GlomeeaCHzis genus has been described as
preferentially detected in soil compared to roatsl &£RM (Hempel et al. 2007; Varela-
Cervero et al. 2015), probably due to its life tetgy (see above). An in-depth AM survey in
tropical African ecosystems revealed for the fitstne a high predominance of
Paraglomeraceae in grasslands and open areasghigidi the existence of ecological

specificity of AM fungi (Rodriguez-Echeverria et 2017).

An overall negative impact of the different treatitiewas observed on the native AM fungal
community. The AM fungal richness was the charastier the most affected by all
treatments, notably inoculation. The pre-colon@atof jujube roots in nursery by the exotic
AM fungal strain was supposed to have a strong theganpact on the AM native fungal
community colonization rate, but it was also supgdrby the persistence of the inoculum
evidenced in the results (high level of OTU?2). IRiess is the main community characteristic
assessed to monitor AM fungal community but a gangend remains difficult to define
(Antunes et al. 2009; Mummey et al. 2009; Koch let2811). For instance, whereas a
negative impact was observed in the current staghgsitive tendency had been observed in a
14-month-old olive orchard (Alguacil et al. 201¥hen considering the global AM fungal

community structure, only inoculation had a sigrafit impact, leading to a negative effect on
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abundance of few AM fungal OTUs. The importance ntonitor multiple community
characteristics appears essential, particularlyergithat it remains challenging to link a
specific community characteristic to a beneficialdetrimental plant effect (Rodriguez and
Sanders, 2015).

5. Conclusion

The current study constitutes an in-depth fieldestigation of mycorrhizal inoculation impact
with an exotic isolate on native AM fungal commyniResults clearly showed that ecological
engineering strategies usify irregularis significantly promote jujube performance (growth
and nutrition) notably at very early stages in roysand highly improved the rate of survival
on the field. In addition, a relative stability otirsery-driven plant benefits of inoculated
jujube trees was observed. Nevertheless, the niycatrfield-observed benefits on jujube
growth remain difficult to evaluate due to diffeces in jujube growth at outplanting. The
comparison of a local (Tasset) and exotic (Gol@)le cultivars pointed a potential higher
persistence of AM fungal inoculum for the exoticdanore limited disturbances of native AM
fungal community. Results provide important insgytd develop and improve the ecological
management of jujube orchards on the route of B®JISenegal), but further investigations
should be implemented to assess the long-term piapact of such mycorrhiza-based
ecological engineering strategies and to fully eatd the persistence and spread of exotic
mycorrhizal inoculaversus native AM fungi. Further investigations are alsmuired to
evaluate the effect of inoculation with native AMnBi selected species or consortia of AM
fungi: Understanding how introduced AM fungal stsainteract and coexist with the native
AM fungal community and whether this directly leadschanges in plant productivity is the
key for an acceptation by stakeholders and natian#torities of the use of AM fungi in

agriculture, particularly in arid area where plardductivity sustainability is the major issue.
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Table 1 Effect of Rhizophagus irregulari$R27 inoculation and rock phosphate fertilizatmm growth, mycorrhizal colonization and mineralritign of 4-
month-old jujube Z. mauritiang tree cultivars (Tasset, Gola) (tree nursery).

Treatment

Height Collar diameter Total dry biomass Mycorrhizal N P K
(cm) (mm) (9) colonization(%) (%) (%) (%)

Gola 19.7+23c 28+04cd 14+0.1cd 0.0d 13+0.1b 13+0.7d 084+1.0d
Gola+RP 226+44c 3.2x03c 16+01c 0.0d 24+04a 15+0.6cd 10.0 £ 2.0 bed
Gola+Ri 54.3+8.6a 48+0.6a 3.6+05a 68114 a 24+0.2a 27+x02a 146+09a
Gola+Ri+RP 50.2+9.6a 45+0.4ab 35x05a 451149 b 25x04a 26x0.1ab 143+05a
Tasset 159+24d 25+03c 1.3+0.1d 0.0d 13+0.1b 12+01d 09.4+0.7 cd
Tasset+RP 178+4.0cd 3.1+04c 1.3£0.1cd 0.0d 16+£02Db 1.2+£0.2d 08.7+1.1d
Tasset+Ri 359+690Db 41+09b 26x04Db 8514.5 a 21+0.0a 2.1+0.0bc 11.0+ 0.6 bc
Tasset+Ri+RP 37.7x75Db 41+09b 27x05Db 873156¢ 21+0.1a 23+£0.0ab 11.3+04Db
All treatments
Cultivar (C) ok - —_— ns ok * ok
Inoculation (1) —_— —_— — ok —_— — —_—
Fertilization (F) ns ns ns ns i ns ns
(€)= b ns ok ns ns = -
= (F) ns * ns ns * ns ns
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(C) x (F) ns ns ns ns ns ns ns

(C) x(I) x (F) ns ns ns ok ns ns ns

Values in columns followed by the same letter do differ significantly P < 0.05) according to Tukey's HSD. Significant levéP < 0.05; **P < 0.01;
*** P < (0.001; ns, not significanRi: Rhizophagus irregularitR27;, RP: Rock phosphate.

Table 2 Effect of Rhizophagus irregularigR27 inoculation and rock phosphate fertilizatmngrowth, rate of survival and mycorrhizal colatian of|jujube
tree cultivars after transplanting.

Treatment 3 months after planting 8 months after planting 13 months after planting
Height Collar Rate of Height Collar Rate of Height Collar Rate of Mycorrhizal
diameter Survival diameter Survival diameter survival colonization
(cm) (cm) (cm)
(mm) (%) (mm) (%) (mm) (%) (%)
Gola 24.5:3.1 de 07.21.2de 83.338.7ab 29.#3.3cd 13.82.2de 50.851.0 cd 38.%8.7d 17.9%1.8bc 41.650.3d 21.44.8¢
Gola+RF 27.2+3.3cd 08.(+1.6cd 95.&+20.4a 31.4+3.5¢ 16.5+3.5abcc  66.6£48.1hc 39.24+3.8d 21.&+2.0ak 54.1+50.8¢ 21.&4.2c¢
Gola+Ri 59.9%+ 8.8a 09.31.9ab 91.&28.2ab 66.312.9a 16.92.0 abc 83.838.0 ab 81.213.8a 20.683.5abc 70.846.4ab 59.85.7a
Gola+Ri+RP 55.6t11.1ab 10.21.8a 95.820.0a 63.49.8 a 19.349a 91.628.2 a 79.511.1ab 24.83.8a 66.648.1abc 50.@8.1ab
Tasset 18.95.2de 06.%#1.7e 79.%41.4 ab 22.¥3.4d 13.#1.2bcde 62.%49.4bcd 34.63.5d 18.1+1.6bc 45.850.8d 26.0t3.7¢c
TassetRF 20.4+6.9¢ 07.241.8de  75.(x44.2b 26.1+6.7cd 12.&2.1e 41.6+£50.3d 37.6x4.€d 15.2+1.3¢ 41.6+50.3d 21.(+4.7¢
Tasset+Ri 40.1+6.8bc 09.21.9ab 91.6t28.2 ab 51.29.6b 17.6:2.6 ab 83.3t38.0 ab 74.915.7¢ 20.9:2.3abc 75.@44.2a 56.47.3ab

Tasset+Ri+RP 42.1+11.2bc 08.62.8bc  83.338.0 ab 5316.6ab 16.F2.4cde 70.846.4abc  77.238.3abc  19.#2.4abc 62.549.4bc 46.45.2b
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Factors teste !

Cultivar (C) i ok ns * * ns ns ns ns ns
|nOCU|atI0n (I) *kk *kk ns *k%k *k%k *kk *% * *% *kk

Fertilization (F) ns ns ns ns ns ns ns ns ns ns
©)x (1) [ ns ns [ ns [ [ ns [ [
(C) x (F) ns B ns ns B ns ns ns ns ns
N (F) ns ns ns ns ns ns ns ns ns ns
C)x (1) x(F) ns ns ns ns ns ns ns ns ns ns

! The block factor was not significar® & 0.05)
Values in columns followed by the same letter dodiffer significantly according to Tukey's HSD. Sificant levels: P < 0.05; **P < 0.01; ***P < 0.001;

ns, not significant;Ri: Rhizophagus irregularijs RP: rock phosphateMycorrhizal infection was only assessed at 13 tim®nafter planting.
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Table 3 Effect of jujube cultivar, mycorrhizal inoculatieand rock phosphate fertilization on richness, dilgrand evenness of the jujube root-associated

AM fungal community.

Richness Diversity Evenness
Treatment Number of OTUs Chao Shannon Invsimpson Shannoneven Boneh Coverage (%)
Gola 46+1b 76+6a 19+0.1ab 4.4x05b 05+00a 7+0.3 99.2
Golat+RP 34+5cd 507 bc 1.4+£05bc 2.7+£1.0b 04+0.1a 4+1.0 99.5
Gola+Ri 33+6cd 51+6 bc 1.7+02b 3.9+06b 05+00a 6+0.5 99.4
Gola+Ri+RP 34+2cd 53 +5bc 15+£04bc 39%x12Db 04x0.1la 6+0.5 994
Tasset 53+5a 75+8a 23+x01a 65+10a 06+00a 711 99.3
Tasset+RP 42 + 3 bc 72+7a 1.7+£01b 3.8+x09b 05+00a 7+1.0 99.2
Tasset+Ri 30+6d 46+1c 12+07c 3.1+20b 04x02a 5+04 99.5
Tasset+Ri+RP 38 £ 5 bcd 61+8b 16+£02bc 34%x10Db 04x+00a 6+15 99.3
All treatments
Cultivar (C) * *x ns ns ns -
Inoculation (1) i wrk * ns ns -
Fertilization (F) * ns * *x ns -
) x ns ns ns ns ns -
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(C)x (F) ns i ns ns ns - -
(l) X (F) *k*k *k*k * * ns _ _

(C)x(I) x (F) ns ns ns ns ns - -

Values in columns followed by the same letter dodiffer significantly according to Tukey's HSD gBificant levels: P < 0.05; **P < 0.01; ***P < 0.001;
ns, not significantRi: Rhizophagus irregularifR27; RP: rock phosphate.
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Table 4 Characterization of AM fungal indicator of jujubeltivars and jujube status (inoculated or not,ffeed or not).

OTU label Jujube cultivar Jujube status
taxonomic assigment o
g
[
©
é Tasset Non-inoculated Fertilized Non-fertilized
<
A B Index A B Index A B Index A B Index
Glomeraceae
OTU_33 — Un. Glomeraceae 1.00 0.60 0.775%**
OTU_35- Rhizophagu 0.97 0.5: 0.727*
OTU_07 -Glomus 0.98 1.00 0.991***
OTU_C9 - Glomug 0.9¢ 1.0C 0.997*
OTU_25 -Gigaspora 0.81 0.81 0.991*
OTU_31 - Cetraspor: 0.8¢€ 0.7t 0.80%*
OTU_39 -Glomus 0.92 0.56 0.719*

OTU_20- Un. Glomerace:
OTU_15 - Un. Glomeraceae

OTU_22- Glomus

0.9C 0.80(¢ 0.84*

0.90 1.00 0.954*

0.9 0.87 0.900***

Taxonomic affiliation was based on a k-nearest tsig consensus and the Wang method used in Mdilmxtion classify.otu) using reference sequences

from Kriiger et al (2012). Genus level is indicatéten confidence threshold is superior to 95, ifthethigher taxonomic level is indicaté@®TU abundance

corresponds to the number of reatladicator OTUs were obtained using indicator vallrelVal.g) index as implemented multipat{() function from R
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package indicspecies (De Céceres and Legendre9).ZS8atistics were obtained using 9,999 permutatiSignificance code: “*** P<0.001; ** P<0.01;
“** P<0.05. A and B correspond to specificity and seligibOnly the OTUs present in more than half ahwples for a given group are considered, i.e. B
superior to 0.5. “Un. Glomeraceae” indicates &ffitin to references belonging ®omussensu lato, for which uncertain position in Gloaterae has been

described.
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Table 5 Impact of jujube cultivar, AM fungal inoculatiomd RP fertilization on the jujube root-
associated AM fungal community structure (field exment).

Treatments df SS MS F model R P valué
Cultivar (C) 1 0.253 0.253 1.224 0.038 0.Z68
Inoculation (1) 1 0.563 0.563 2.726 0.084 0.011*
Fertilization (F) 1 0.199 0.199 0.967 0.029 0.470
(C) % (I) 1 0.135 0135 0655 0020 0.722
(C) x (F) 1 0343 0343 1660 0051 0.1M3
(1) x (F) 1 0130 0130 0630 0019 0.767
(©) x (1) x (F) 1 0.496 0.496 2.400  0.074 0.019*
Residuals 22 4546 0.206 0.681

Total 29 6.668 1

'PERMANOVA was based Bray-Curtis dissimilarity matand assessed usiraglonis)
function (iterations = 9,999 permutation%). P < 0.05; ™ P > 0.05.Multivariate dispersion
was tested using tHeetadispef) andpermuteg)) functions (iterations = 9,999 permutations;

alpha = 0.05) revealing a significant homogeneitygmup dispersionsdf = degrees of

freedom; SS= sum of squares; MS mean sum of squareB;model =F statistics;R?= partial R-
squared.
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\ = Acaulospora = Cetraspora

= Claroideoglomus = Dentiscutata
= Funneliformis m Geosiphon
= Gigaspora Glomus

= Incertae_sedis = Pacispora

= Paraglomus = Racocetra

w Redeckera Rhizophagus
= Sclerocystis m Septoglomus
= unclassified

Fig. 1. Comparison of AM fungal community membership (Vehagram analysis) between

non-inoculated jujube trees from the two cultivArasset and Gola. All sequences were
clustered in OTUs (97 % similarity). For each Vesategory, the number of OTU and the
relative abundance (% of sequences) are indic&elr pie charts represent the abundance
of OTUs shared between the two cultivars and sjgetif each. “incertae sedis” represents
OTUs related taGlomussensu lato for which uncertain position in Gloncee has been
described, and “unclassified” OTUs affiliated otdyGlomeraceae level.
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Fig. 2. Changes in abundance of AM fungal OTUs among ilaed and non-inoculated
jujube Tasset and Gola cultivars. Only OTUs witgngficant differences R < 0.05) are

shown. Statistics were performed using Kruskal-Walest. “Un. Glomeraceae” indicates
affiliation to references belonging tGlomus sensu lato, for which uncertain position in

Glomeraceae has been described.
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Supplementary material
Table S1.Taxonomic affiliation of AM fungal OTUs
Table S2.Native AM Fungal OTU indicators with respect toubg cultivars

Fig. S1. Monitoring of jujube height and diameter evoluti@uring 13 months after
outplanting of jujube seedlings pre-treated (inated and fertilized;-m--; inoculated, ;
fertilized, --e--) or untreated-{ A --) in nursery. Mean values are indicated for eaehtinent
and four sampling time (0, 3, 8, 13 months) andrdoars correspond to standard deviations.
Formula and R for each linear regression are indicated on tgatrof each panel. The
regression slope represents the relative heiglgebasdiameter-based growth rate.

Fig. S2. Comparison of AM fungal community membership (Vedigram analysis)
between inoculated and non-inoculated jujube tfema the two cultivars Tasset and Gola.
Ri, R. irregularisIR27.
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