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Abstract:

Terfezia claveryis hypogeous fungi belonging to the family Pezizaceae. It is a
widespread fungus in the arid and seand soils, prticularly in the Mediterranean
region and Northern African countries. In Murcia, Sdtdaktern Spain, Particularly at
(Provenicia CastellafdaestrazgeManchega) where the study area taking place.
Sampled points identified for sampling counted 31 sampiesm the total sampled
points 87% has comprised the host platiglanthamumand Fumanspp). Realime

PCR, was used to quantify and examines the presence or halaferyigPCR soil and

root analysis showed the presenceToflaverymycelium 34%rad 24% of the samples
accordingly. Thus, the amount of mycelium was varied between 0.04 and 0.52 ug/g in
soil samples and 0.91 and 1.67 ug/g in root. Testing the results of gPCR against the
environmental factors, it displayed a significant correlation aliitude and both host
plants (p=0.032, ¥9.45). Whereas the precipitation has a significant correlation with
Helianthamum spipp=0.028, r=0.81), andumanaspp (p=0.021, r=0.88). Besides, two
types of soil were determined at the study area, fluvent,»ardlls, where the majority

of T.claveryimycelium root presence in the fluvent soil type. Finally, a spatial map
analysis was made in order to determine the spread and the densityclaiveryi
associated with the observed ecosystem of the study areaveshaa majority of
T.claveryimycelium in soil with the shrubland ecosystem at the expense of other
ecosystems.




1. Introduction

1.1. Importanceof fungi in Eurpe

People have been gathering fungi since ancient tiGastently, wild fungi provide a
wide of utilites to people around the worldn ancient Greek and Roman times, edible
fungi were already valued by the upp#as3d. Southern European particularly (France
and ltaly), and Eastern European countries value fungi. Adep strong and long
tradition useof it. HoweverNorthern and Western Eurogead much weaker tradition

of collecting fungiThus, fungi weréared for consumption at the ancient time.

In modern Europe, the distinction between mycophilic and mycophobic countries
becomesless and less @de In addition,interest in gathering of fungi is steadily
increasingacross Europe! f 1 K2dzZ3K YIFIAY NBlFazy 2F &dzOK
value,influence of immigrants from fungi loving cultures has alade its contribution

(Brairerd, & Doornbos2013)

In Spain, numerous of mycological societies were establikedSpanish Association

of Mycology (AEM), Mycological Society Barakaldo, and Catalan Society of Rlicology
Thanks to the great and the increasing interest in the atale of fungiSuch events, as

field trips, workshops gastronomical meetings, which were focused on fungi, were
organized every autumrt is obvious that the collection and marketing of this-non
wood forest product is an enjoyable and profitable taskckvifalls within the concept

of sustainable development. Moreover, it can be an extremely important source of

income in rural areas with few other economic possibil{iResnans. Boa2004)

1.2. What isadesert truffle?

Desert truffles comprise a group of mycorrhizal fungppreciatedfor their edible

hypogeous carpofore3 heyinclude speciefrom generaTuber Tirmania andTerfezia

! Buller AHR. The fungus lores of the Greeks and Romans. Transactions of the Biytistogical Society 1914; 5:
2171 66.
2 https://aemicol.com/, http://micologica-barakaldo.org/, http://www.micocat.org/
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(Morte et al.2017) Variousspecies of these truffles are common in the Mediterranean
area andconsideredasan important economic resource for the lopalpulation (Zotti
et al. 2013). Desert truffleblave been associated with Mediterranean cultures since
ancient times.They haveébeen tradel by the Greek and Roman&liso, they imported
them from Libya to be sold in the marketstbe respective empire@Honrubia et al.
2007). Nowadays, desert trufdlstill beingmarketed and consumeid North Africa and

southern Europe

Among desert trifle, the genusTerfeziaincludesthe most appreciated and marked
species. The genus compresses more than 20 different species
(http://www.indexfungorum.org) of which onlyTerfezia arenarigMoris) Trape and
Terfezia claveryChatin are commercially valued in Spain because of their gastronomic
interest and crop yields. Two other specid®rfezia boudierChatin andTerkzia
olbiensisTul, which are harvested for consumption purposai$hough they have a
lower commercial impact. The reason is, they have a poorer taste than the other

species, and thus, they have limited presef@etiérrezet al 2001)).

In general, desetruffles havea good fruit sizes and quantities. Due to environmental
compatibility, wild Terfezia,is more collected and marketed southern Europe.
Likewise North Africa and other countries bordering the Mediterranean Bewever,
areas where desetruffles grow naturally have gradually disappeared. Large areas of
the coastal desert in Egypt and Libya were mithethgthe World Warll. Besidesin
Kuwait, the effects of the 1991891 Gulf War have apparently ruined many truffle
gatheaing areas. \Wereas the reason irEuropewasthe widespread of construction
playeda critical role in preventing and occupying thenny' areas over the last years

(Morte et al 2008).

In the Arabic countries desert trufflase callindd ¢ S NJF I & & U hellevef i et & QL

OdzNNEB y iy Q¥ SomikyeirBriNdReSd ramen additiorE A G A& 1y26Y
i NJzF(Rhab&rdenal. 2001Helianthemungenus(Cistaceadamily) is onsideed as

the mostcommon host plargtof Terfezig formingmycorrhizal symbsis.

AO)¢



Terfeziaspeciesfructify in the springHowever, its fruiting starts once the host plant
finished flowerig. So that, the production time might fluctuated according to the early

or delaying of the host plant floweriiiiglorte et al 2009).

1.3. Tefeziaclaverydistribution.

T. claveryiis widely distributed in the arid and semiarid landastipularly, in the
Mediterranean Sea countries. It is found in Central and Seagkern Spain, Portugal,
Italy, France, Hungary, Turkey. In addition, in the N&friban countries from Morocco
to Egypt and Syriean be found, bsides, the Arabian Peninsula, [r&giwait and Iran
(Marasas and Trappe 1973

In the Iberian Peninsula, itasitspreadin southern, soutkeastern and central areas up
to around 1100 m a.4. We could find it incarbonated and clayey soils, or in sandy soils

on the coas{Honrubia, 2007)

In terms of the ecological valu&, claveryhas an important role due to its adaptation
to grow inarid and semiarid zones a symbiotieectendomycarhizal association with
annual and perennial species dielianthemum spp. including chamaephytes,
hemicryptophytesand therophytes, Wich are located irsunny scrubland, or in the

meadows of mountain plains.

1.4. T. claveryeconomical/alue

Thanks to the Jae of desert truffle, there was an interest to establish several studies
for planting it. Plantation was taking place in several countries. Mediterranean basin
countriesMiddle East, Iran, the Arabian Peninsula, Persian Gulf, Southern Africa and
South Amdacan countries such as Chile and Argentina, where desert ecosystems cover
large areasare suitable places for it cultivationk is believed that, desert truffle
cultivationin these countries coulshightplay an important role ideveloping the rural

areas(Honrubia and Andrino 2014)

In Murcia (Spain, the first plantation ofTerfeziamycorrhizal took placéen 1999 It

considers athe first successful plantation. Sirtben, thanks to the increasing demand




on desert truffle major studies has promotedncluding a new biotechnological
strategies to satisfy the demand of shifting fiientationscale from experimental scale

to a mediumlarge cultivation scale. By applying a good management and selecting
productive mycorrhizal seedlingsr different cultvation sites it was possible to
maintaina good productivity over timéost of the host plants used for experimental
desert truffle mycorrhization are perennidkelianthemumspecies(Morte & Andrino
2014).

Prices foiT. claveryin the Spanish market agmilarto and range between 20 and 60
ek 3T RSLISYRAYy3I 2y (GKS yIddzNF f LINRPRdzOGA 2y
an important resource for Spanish collectors, who usually sell them to restaurants and

in local markets. At the national level, its markebastly local. However, this product is

in a great demand in international markets. In the Middle East, such as, the United Arab
Emirates, Kuwait, Saudi Arabia or Qatar, where they are highly valued and can reach
LINKA OSa dzLd 42 HHAN dlvitdsddfTwiSverfafelestablishing pré A 2 v | §
agreements with importers from Middle Eastern countries. Although it is a young
product in terms of its commercialization, it has great potential for international export

(A. Morte personnel communication).

As consequenceshe research groumt the University of Murcia initiated a term for
TerfeziacultivationsoOl f f SR WA dN¥ K Ddz (§8&N¥ YSIya (GKS a
knowledge to cultivate truffles and the part of the primary sector dedicated toeit;

term includes the different works of mycorrhized plant production, soil treatment,

grassland cultivation and harvesting (Magteal. 2008, 2009and 2012 20179.

1.5. Thebiotechnologyole in developing.claveryi

For the establishment of newerfeziaplantations in semarid lands, global climatic
change and increasing global warming must be considered. Indeed, the recent climatic
changes, with increasing mean temperatures and decreasing precipitations are affecting
truffle production in Mediterranean eas Buntgenet al. 2012). Anyway, correct
planning and management choices are available and high yields can be achieved

(Bencivenga & Baciarefalini 2012).




Althoughthe Mediterranean area exhibits a high diversity in hypogeous mushrooms,
including somepecies of great economic importaneberethese truffles are essential

for plant survival in arid and sedniid climatescontributing tomaintenanceof diverse
ecosystem Climatic changes make Mediterranean conditions extreme with an increase
of mean tenperatures and a decrease in rainfalls until the end of the twnsty

century Buntgenet al.2012).

In the Middle East, hyparid, arid, and senarid areas constitute 90% of total surface.
Every year, 60,000 ha become uncultivable due to the ladspéct for environment,
delays in territory improvement actions, and bad utilizatioagsfcultural soilsin this
poor agricultural contest, desert truffles constitute an important economical resource,
which can contribute to the development of arid @seto control desertification with

proper soil managemeriZzambonelli et al. 2014)

As consequences, in Murcia, a research group in the University of Murcia has carried
out a study. By using the GIS multivariate system. To simulate a map clarifying the
distribution of the host plants. They interested building up a distribution map.
Showing the desert truffle potential areas. Associated Wéhanthemunspecies, as a

host plants.Besides considering the climatic variances that corresponding with the

growing ofT.claveryi(Honrubia et al. 2014).

It is important to know real distribution mapof T. claveryiin the region of Murcia
(Spain andthe environmental factors affecting its distribution. Besides, there igeho
any real distribution map giving information about the hgdant distribution and
density Helianthamumor Fumang, which is implying the most prospective places to

find wildT.claveryor not.

The aim of the following work is tieterminethe distributionof T. claveryin the region
of Murciaand to createaLJ2 (0 Sy G A | € YINHrFF T S arRlHa@iaahandS ¢

which environmental factor could limiting that distribution.

2. Materiak and methods




2.1.Samples collection

The study took place in Murci&(th-Eastern Spain)The study area comprised the
whole bioclimatic Provinc€astélano-Maestrazgea | Y OK S 3| ¢ (AldafaA & dkNB m 0
2008). According to the previous experience of the hosting group, this aweesa
recorded several natural production points Df claveryiln addition, The province
included some of the most productinveanplanted plots ofT. claveryiThus, according

to the previous prediction study made bBipnrubia et al. (2014) by GIS, it was one of

the most promising bioclimatic area.

In order to assigthe samplingplots, GoogleEarthProwere used and 40 km squae
grid has been created over the study area. Sampling points have been assigmed
closest road to the intersection between the horizontal &edical line on the map
Besides thatthe previous studywhich predicted a distribution map of the desert
truffle potential areas associated with the presence of differggitanthemunspecies
that was carried out using a GIS multivariate systeas considereqHonrubiaet al
2014)(figure 2.

The coordinates correspondimgth these points were retrieved arghown in Table 1.
Sampling collection was carried out fromi"i& April until 2% of April 2018, which

corresponds to the fruiting season fbiclavery(ApritMay).

A total of 31 samplelots were set. From each sampliptpt the presence or absence

of any host plant was recordeHi€lianthemumand/or Fumanaspp).The principle was

to collect from each plot aboutvo to four plants (root with soil samplestollected
samples were transported in refrigerated bag and stored at 4°C aftervizareistually,
during the way, while moving from sampling plot to another. Once the existence of a

high density of host plants was observed. It was recorded (as coordinates).
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Provincia Bética

Provincia Catalano-Valenciano-
Provenzal

Provincia Castellano-Maestrazgo-
Manchega

Provincia Murciano-Almeriense

Cartagena

Figurel. Murcia map. Adopte from Alcaraz et al. (200Bttp://www.floraprotegida.es/introducciofflora-
protegida.php

o

Figure2.{ I YL S& LRAy0aQ ¢AlKtplaksPredeitel(Bofiribialetal. 20N
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2.1 Measuring bst plantdensity
bSIFENBalG ySAITKO 2 dzNJ el &l1984)NiEs useddalbislake thi density/ £ | NJ

of host plantsFirst, by arrange the points in the ground, which can be randomly or
systematically arranged on a transect line. Then, locate the nearest host plant to that
point and measure the ditance to the first pot (X) anddcate the second sample,

which is nearest to the first one (2).

In our study, we assumed that the car is the main point in our sample area. Therefore,
we collected randomly the nearest sample of host plant and measuring the distance
between trem (X). For the second sample, we collected the nearest neighbour to (X)
and once we collected it we measured the distance between them. From the obtained

data, we are able to estimate the density with the following formula:

w

5 I' 06K HUOU F YOK 6 Eu0 6 T 4y0OBMKH

WhereD is densityn is the number of points located on the grourds the distance
from nearest host plant to the car, z is the distance from nearest host plant to the

nearest neighbour host plant

2.2. DNA extraction

For DNA extraction, the soil samples were sieved at 500 um in order to remove root
contaminant. Soil sievednd samples were flash frozen in Nliquid in 2ml micro
centrifuge tubes and stored eé80°C. Secondary root samplascollected, flash frozen

in Ne liquid in 2ml micreentrifuge tubes and stored &&0°C.

Tablel: Coding, species and coordinates of the assigned samples

Name Date Cooi:itnate 2nd Coordinate Species Ecosystem
7c 16/04/2018 H. almeriense
7c 16/04/2018 38.011939 -1.522408 F. thymifolia Shrubland
7c 16/04/2018 F. thymifolia
6¢ 16/04/2018 H. viscarium
6C 16/04/2018 38.014182 -1.632188 H. almeriense Agriculture
6c 16/04/2018 H. viscarium

12
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1st

Name Date 2nd Coordinate Species Ecosystem
Coordinate

5d 16/04/2018 -
5d 16/04/2018 38.036949 -1.759109 - Pine Forest
5d 16/04/2018 -
5¢ 16/04/2018 H. almeriense
5¢c 16/04/2018 F. thymifolia
5 16/04/2018 38.109283 -1.734894 . thymifolia Shrubland
5¢c 16/04/2018 H. almeriense
6b 16/04/2018 H. almeriense
6b 16/04/2018 H.almeriense
&b 16/04/2018 38.109357 -1.622473 H. almeriense Shrubland
6b 16/04/2018 H. almeriense
7b 16/04/2018 H. viscarium
7b 16/04/2018 38.109330 -1.526188 H. viscarium Agriculture
7b 16/04/2018 H. viscarium
8b 16/04/2018 -
8b 16/04/2018 38.075712 -1.410111 - Agriculture
8b 16/04/2018 -
4a 18/04/2018 H. violaceum
4a 18/04/2018 38.115088 -1.873989 H. violaceum Pine Forest
da 18/04/2018 H. violaceum
3a 18/04/2018 -
3a 18/04/2018 38.118428 -2.003761 - Pine Forest
3a 18/04/2018 -
3b 18/04/2018 H. hirtum
3b 18/04/2018 38.018691 -1.992298 H. hirtum Agriculture
3b 18/04/2018 H. hirtum
2a 18/04/2018 Soil sample
- 18/04/2018 38.026700 -2.110257 H. almeriense Wasteland
la 18/04/2018 H. hirtum
la 18/04/2018 38.022787 -2.231024 H. hirtum Oak Forest
la 18/04/2018 H. hirtum
1b 18/04/2018 H. hirtum
1b 18/04/2018 37.948565 -2.222483 H. hirtum Oak Forest
1b 18/04/2018 H. hirtum

13
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1st

Name Date 2nd Coordinate Species Ecosystem
Coordinate
2b 18/04/2018 H. hirtum
2b 18/04/2018 37.920013 -2.094276 H. hirtum Agriculture
2b 18/04/2018 H. hirtum
3c 18/04/2018 H. hirtum
3c 18/04/2018 37.921075 -1.993930 H. hirtum Pine Forest
3c 18/04/2018 H. hirtum
4b 18/04/2018 38.020164 -1.879560 H. violaceum Pine Forest
8c 23/04/2018 H. almeriense
8c 23/04/2018 37.918828 -1.409769 H. almeriense Wasteland
8c 23/04/2018 F. thymifolia
7d 23/04/2018 37.902934 -1.494783 F. thymifolia Pine Forest
6d 23/04/2018 F. thymifolia
6 23/04/2018 37.914075 -1.606078 F. thymifolia Agriculture
6e 23/04/2018 H. almeriense
6e 23/04/2018 37.828652 -1.643087 H. almeriense Shrubland
6e 23/04/2018 H. almeriense
5e 23/04/2018 H. hirtum
5e 23/04/2018 37.914539 -1.758361 H. hirtum Agriculture
5e 23/04/2018 H. ledifolium
4c 23/04/2018 37.912581 -1.877406 - Wasteland
23/04/2018 F. thymifolia
23/04/2018 37.803993 -1.985435 F. thymifolia Shrubland
23/04/2018 F. thymifolia
5g 23/04/2018 37.734683 -1.764125 H. almeriense Shrubland
Te 23/04/2018 37.797333 -1.535222 H. almeriense Pine Forest
8b 25/04/2018 F. thymifolia
8b 25/04/2018 38.115004 -1.418013 F. thymifolia Shrubland
8b 25/04/2018 F. thymifolia
8a 25/04/2018 38.205428 -1.407224 soil sample Shrubland
7a 25/04/2018 F. thymifolia
7a 25/04/2018 38.206344 -1.520147 F. thymifolia Shrubland
7a 25/04/2018 F. thymifolia
()




1st

Name Date 2nd Coordinate Species Ecosystem
Coordinate
6a 25/04/2018 H. violaceum
6a 25/04/2018 H. siriacum
38.202550 -1.623414 Pine Forest
6a 25/04/2018 F. thymifolia
6a 25/04/2018 F. thymifolia
5b 25/04/2018 H. violaceum
5b 25/04/2018 38.209683 -1.749726 H. violaceum Pine Forest
5b 25/04/2018 H. violaceum
5a 25/04/2018 F. thymifolia
5a 25/04/2018 38.302729 -1.724574 H. violaceum Shrubland
5a 25/04/2018 H. violaceum

For soil DNA extractio).25 mg of soil as used bythe commercial kit DNea8y

powerSoiRkit (Qiagen, Hilden)ccording to the manufacture instructions. Extracted
5b! @gSNBE (GSAGSR dzaAy3 bl y25NRL) ufymmdnakHANA
assess the purity of DNA.

Aboutthe root DNA extraction, it was isolated according to tHEAB protocol (Chang
et al 1993) a a preliminary step. fierward, for purifying the DNAhé DNeas®

PowerClea® Pro Cleanup Kit was used according the manufacture instractidh

extracted DNA santgs were kept at80°C.

Eventually, 71 DNA soil samples and 70 DNA root samples were extracted. We collected
only one soil sample from one point (2A) because on the way to that point there were

plenty ofHelinthenum plants

2.3. Quartitative realtime PCR

A raaktime PCR using SYBR® Green | techniquaeriasmed This technique depends
on a dye for the quantification of double stranded DNA (Ramakexis2003). Based
on the use of the dye that emits fluorescent light when it is embedding a double strand

DNA Since, the unbound dye exhibits very little fluorescence. In other meaning, when

15
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the amount of amplicon increases$ietamount of fluorescence emitted by the dye
increases as wellhe cycle Wen the fluorescent signal exceeds certain threshele!
during the exponential phass called cycle CThe lower amount of initial DNA, the

higher Ct is recorded.

The research group hgmeviouslydetermined thedetection limit in a Ct 084. Values
higher than 34 cycles weis a non detectedTheprimerssetused W¢ Of || @GS NE A T 2 N
¢ Of I @ Sandplifiedd 1BCbp fragment within the 175region of T. claveryi Tte
group of MycologyMycorrhizaPlant Biotechnology have previousthecked the
primersasspeciesspecific (unpublished dat&) T. claveryiTo makehe qPCR, &used
per sample: 7 pl c5YBR, 0.108 of Primer Mix, 6.65ul H.O, and 0.281 of Template
(extracted DNA from soil/Root, standsrénd Autoclaved water)n all gPCR a Non

Template Control were run.

Sandard curves for mycelium quantificatioof T. claveryiby realtime PCR were
generated using known amounts of mycelium from active growing colonids of
claveryi Target mycelium growing on a cellophane sheet on MMN medium (Marx
1969), were added it to 0.25 g of previoualytoclavedsoil. Seial dilutiors of DNA
extractiors were measured by BCRCtvalues okach dilution were plotted against the

logarithm of the corresponding amount of mycelium to generate standard curves.

2.4. Collecting the environmental data

In order to find out thecorrelaion between the existencer absenceof the T. claveryi
with environmental factor, environmental data were collected for the last 2 years
(2017, 2016) from official websites; for Annual precipitation indices, it was collected

from the European droughobsevatory (EDQ http://edo.jrc.ec.europa.ey The

temperature indices, elevation, and soil characteristiese collected fromSRIC world

soil information (https://soilgrids.org. All data were extracted from these websites

using the corresponding coordinates of each collected sangplié. types were
consideredto know how much they affect the existence Df claveryimycelium.
Afterwards the obtaired environmental date, for #éhelevation, temperaturand soll

type were converted to @ategorical datgin order to be able to use it in the different

16
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statistical analysisLikewise the result of gPCR Ct value range (TableH@yever,
guantitative datafor the same environmental variables were kept and used in other

statistical analysis.

2.5. Inverse distance weight interpolatiGidWw)

The data from sampling positvere loaded into the software QGIQGIS, 20D1in
shapefile format, the data was changedhe Spanish reference system (ETRS89 Zone
30), which allows us to perform operations with them. With the support of a map of the

Region of Murcia were checked that the stitches were placed correctly.

The raster layer was then generated, for which thdrdang interpolation method was

used by Inverse distance weight (IDW), that is a geostatistical technique used for
interpolation (mapping and contouring) which was used for estimating the host plants
distributions and densities at the studied area. IDWhiexact interpolator and it is the
most common form in GKystem (Lloyd 2010). It predicts within the range of the input
values. Thus, the minima or maxima of not sampled points will not be predicted by IDW
(Watson 1992). Its principle, ogi a weighted mwving averagewas used in order to
predict the value at the locations where no data was available, by using a weighted
average of the surrounding observed samples. Blzing the sampled points
coordinates, merged with the coordinates were recorded flogih-density host plants

while on the way. The technique defines a spatial continuity of the density in the area.

Besides that, extrapolate the density and estimate it for thesaompled area.

Finally, with the layers obtained and with the support of difeerent software tools,

the potential distribution magvasgenerated

Table2. lllustrating the different categories for using it in the statistical analysis

TemperaturefC Categories Elevation/m Categories| Soil type | Categories
Less than 10.3 1 less tharl 0 Fluvent 1
More than 10.3 and less than
2 More than 1 less than 450.8 1 Xeroll 2
12.5
More than 12.5 less than 14.§ 3 More than 450 less than 900 2
More than 14.8 less than 17 4 More than 900 less than 135 3
More than 17 less than 19.2 5 More than 1305 less than 180 4
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2.6. Statistical analysis

The statistical analysigasperformed usinR 3.4.3 and RStudiol.1.388NOVA analysis
wasused to check the differences between ftiigerseecosystems, soil types, and the

extent of the host plants by leds & A Iy A FTA Ol y i .RraskaValBestOS 6t
was used to verify the results obtained from ANOVA. Pearson rank correlation
coefficient was calculated to determine the relation between the environmental factors

on the existence of. claveryinyelia in soils and roots of the host plants.

3. Reslults:

3.1Data description

Host plants were found i87%o0f the sampling points, whergs.@60were plants from
Helianthemumgenus, and 22% were from Fumanagenus. The host plardensity
ranged between 0.0 and 1226 plants/100fy while the mean density was
72.4Plants/100n3. Helianthemumplants showed a mean density higher (101.64
plants/100n%) thanFumanaplants (31.25 plants/1008h

T.claveryiwere found m 34% of the soil sampled poeatdin 24%o0f the root sampled
points. The amount of myceliumangedbetween 0.91 and 1.67 ug/g in root sampled
points (Table 3) andetween 0.04 and 0.52 pg/g in soil sameable 4)70% of the

host plants analysed showed detectable amoumhgéeliumin soil and/or oots.

Table 3gPCR positive points in root samples

Code 1st Coordinate 2nd Coordinate Mean Ctroot  Log(average mycelium 3 k 3)
7d 38.011939 -1.522408 32.67 1.32
6d 38.014182 -1.632188 33.02 1.40
5c 38.109283 -1.734894 33.31 1.25
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Code 1st Coordinate 2nd Coordinate Mean Ctroot  Log(average mycelium 3 k 3)
6c 38.109357 -1.622473 33.63 1.10
7c 38.10933 -1.526188 33.26 1.23
4c 38.115088 -1.873989 33.60 1.02
3d 38.018691 -1.992298 33.02 1.07
1d 38.022787 -2.231024 29.11 1.67
4 38.020164 -1.87956 29.84 1.49
8d 37.918828 -1.409769 33.86 0.98
Te 37.902934 -1.494783 33.94 0.91
6f 37.828652 -1.643087 33.09 1.09
5¢g 37.734683 -1.764125 28.04 1.61
8c 38.115004 -1.418013 32.82 1.06
7b 38.20634 -1.520147 33.30 0.99
6b 38.20255 -1.623414 33.46 0.99

Table4. gPCR positive points in soil samples

Code 1st Coordinate 2nd Coordinate Mean Ct soil log(average mycelium 3 k 3
7c 38.10933 -1.526188 32.57 0.41
4c 38.115088 -1.873989 32.46 0.15
3d 38.018691 -1.992298 33.05 0.04
2d 38.0267 -2.110257 32.82 0.11
6f 37.828652 -1.643087 31.69 0.45
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Code 1st Coordinate 2nd Coordinate Mean Ct soil log(average mycelium 3 k 3

5e 37.914539 -1.758361 33.24 0.52
5g 37.734683 -1.764125 31.85 0.46
7f 37.797333 -1.535222 32.15 0.30
8c 38.115004 -1.418013 32.04 0.29
8b 38.205428 -1.407224 32.05 0.18
7b 38.206344 -1.520147 32.44 0.21
5a 38.302729 -1.724574 32.34 0.18

3.2Effect of soil types oh.claveryiycelium

The effectof different types of soik, fluvents orxerolls, on the mycelium dF. claveryi
from host plantsroots waschecked. We found a significaip0.05)higher amount of
myceliumin root plants fromfluvents soilsthan root from xerolls soils (Figure 4).
Moreover,host plants arenore frequenly found n fluvents soil§48.4%)than onxeroll
(35.9%)

The existence of mycelium root in different soil types
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Figure 4 Relationship between soil type carthe amount of mycelium (log du

mycelium/g root]).Different letters mearsignificant differences (P<0)0by ANOVA
analysis.




3.3.Effect of altitudeon T.claverymycelium

The amount of mycelium in soil was slightly correlated with the altitude of the sampling
point. A significantly inverse correlatighigure % p=0.032, r=0.45) was observed
where more fungal mycelium was found inIsai altitudes of less than 450 m a.s.l.

(caterogy 1)

Correlation between elevation and soil mycelium

15- r=-0.45, p = 0.032

i ]

o
o

o
oy
o]

Host plants soil mycelium
Log[mg mycelium/ g soil]

0.0-
1 2 3 4

Mean elevation

Figure 5 Effect of mean elevation ondhsoil mycelium quantity (logdumycelium/g
soil]).

3.4.Effect of rainfaland host planbn T.claverymycelium

We found a quite different behaviour @f. claveryimycelium regardo annual
precipitation depending of the host plant. Theothost plant genera found in this
study wasHelianthemunmand Fumana The distributios of these two genera seem
to be conditioned by annual precipitation sirtdelianthemunplants were found in
localizatios with annual precipitation ranged from 100 to 250 mm/year #mel
mycelium quantity in soil was increasing with more precipitgief 028, r=0.81)
However Fumanaplants were found in localizatiewith lower annual pecipitaion

(maximum 40mm/year) and the mycelium quantity in root has megative
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correlation(p=0.021, r=0.88With the rainfall amountThus, we observed a critical

threshold of 10 mm annualrainfall

Correlation between precipitation and root mycelium

r=-0.88,p=0.021
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@ o
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Correlation between precipitation and soil mycelium
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Figure 6 Effect ofannual precipitatioron root mycelium quantity iffumanaplants (A)
and on soil mycelium quantity kelianthemunplants (B). (log gmycelium/g soil]).
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3.5.Effect ofecosystenon T.claverymycelium
In terms of the correlation with the ecosystem, there was a significanélaton

between the density of the host plants and tth&erent ecosystem. Agricultural lands
and pine forest have lower densities of the host plants than the oak forest and

wasteland (Figure 7) Whereas the high density was determined at the shrubland

ecosystem.

Host plants density in different ecosystems

b c
T . Ecosystem
2 2 +] Agriculture
& ] | 0ak Forast
= .
2 + Ping Forest
g , a a +] Shubland
O a * . Wasteland
. '
*
—_—r ‘
Oak Forest F'!-.':I'.!':.-i
Ecosystem

Figure 7Effect of ecosystemon root host plant densityDifferent letters mean
significant differences (P<0)dsyANOVAanalysis.

3.6.Potential map soil building fot claveryascocarps production

The map illustrating the densityyeelium existence (mapbkground colour)aried

from high density (red colour), medium density (yellow) and no existence of
mycelium (white colourfFigure 8) Then, ecosystem types were added accordingly
to the collected sampled points. The high and medidensity of mycelium was
concentrated in the shrubland areas. Whereas the low densites appearing in

the oak forest and agricultural lantastly, there was no existence in most of the

other ecosystems (pine forest areas and wasteland).
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The relation between the
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4. Discussion

This study ishe first of its type in the &jion of MurciaThe increasigp demand for
this natural resourceluring the last yearmakes importart to understand theT.
claveryidistribution in the Bgion Murciain order to be able to create a potential
map of desert truffle resourcand try to déermine the environmental factahat

could be Initing that distribution.

To date, very little is known about environmental factors that are directly related to
fructifications of desert truffle with the exception of some hunches gathered from
truffle collectors. In generatuffles appear more freqently during MarckApril, and
according to desert truffle hunters, rain (97.8%), soil type (62.2%) and host plant

affect the desert truffle production. Arour8D % of the pickers think that winter
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showers are an important factor that enable the truffle reach a good size.
However, spring showers or spring temperatures were important for 9.1% and 25%
of the interweaved hunters, respectivglylehmet, 2017) Bradai et al(2015) has
found the natural production of desert truffle is highly related to the dated
precipitation of OctobeDecember, where the rain falling after the dry period
(summer) determines the development of trufflidendeel & AlLaith, 2007; Bradai

et al., 2014) Morte et al. (2012) observed statistical correlation, according to
Pearsy Q & , bét®eeni the amount of precipitations during autumn (September,
October, and November) of a year and Theclaveryiruffle production in spring of

the following year.

However, at this study we shoulik careful and distinguish betwesomeannud
environmental facta that could be different between one year to otherAnd
determine the annual productiofluctuationssuch as irautumn rainfall, ¥orte et
al. 2012 Bradai et al 2014, 2015) epring showersand temperatures(Mehmet,
2017) from those explaining environmental factor that remains constant such as

host plant presence or soil type.

In this way, we should distinguish between fagthiat affect the production and

factorsthat affect the presence and intensity afclaveryi

Among all te environmental fact@analyzed in this workhe most affecting one on
mycelium amount is the type of sdiluvent soikeens to be more optimal fofT.
claveryigrow than the Xerolls sail$he Xerolls soil is the most common encountered
Mediterranean eil. It is Mollisols, which is like mineral soils with relatively thick,
dark-colored, rich in humus, and good stalskeucture (GomeMiguel and Badia
2016). Also, i is xeric soil moisture withttle moisture retention andexcessively
drainad. Thus, sbiis moist for brief periods following precipitatic@n the other
hand, Fluvensoils contain more than 2% sorganic carbon (SOC) up 425 nm
from the soil surface, which implies that iifertile soil thanks to its thickness and
the natural fertiity related to the soil organic material mineralization (GéMamel
and Badia 2026FIluventtexture is finer than loamy. It is very fine samd less than

35% rock fragmentl1%12% CaCfwith availability of nutrients sin as iron and
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1)

2)

phosphorous angH from neutral to alkalineThe fluvent soil characterissicnath

with suitablesoil described fodesert truffles(Bonifacio & Morte, 2014)

Regardto the plant densitythe environmental factor thaaffectsthe most isthe
ecosystemAgricultural landand pine forest have lower densities of the host plants
than the oak forest and wasteland. Whergag highest density was determined at

the shrubland ecosysterue to the high density of the trees and the ceitpon

on the sun light, wateaind nutriens, it could be the main reason for the low density

of the host plants. Nevertheless, it stillstx in the forest ecosystem. Moreoyérne

shrub ecosystem has more surface exposed to sunlight and less competition on
water and nutrients, so that it is moo®nvenient to host plants for spreadjrtpan

the other ecosystems

For these study whatever potential host plarégher annual omperennial where
considersTwo genera have been found in this wadel{fanthemumand Fumanag.
Desert trufflegatherers hae been expressed at intervielglehmet, 2017}hat host
plant is an important factor to be taken into accountthis workwe found howT.
claveryiseems to present certaipreference for species of thes@o genera in
function of the water availabilityf the area. Thusn areas with annual precipitation
below 100 mm the host plants preferred wagmanasp and in area with annual
precipitation between 150 an800 mmwas preferably withHelianthemunsp. We
could stablish a precipitation threshold beswn 100150 mm for host plant
preference. Morte et al (200&8bserved a critical point of 158m of rainfall in the

dry yeardor desert truffle production undefelianthemunplants

5. Conclusion
It is morecommonto find T. claveryin Fluvent than the Xelis soil.

Annual precipitation threshold arourid0-150 mm determines the preference of
host plants byl. claveryiwhere low precipitation would favoliumanasp against

Helianthemunsp.
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3) Surroundingecosystem present a higinfluencein determinng the host plant
density angdconsequentlythe desert truffle potential. IBubland ecosystemseem

to present the highest potential of desert truffle production
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