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ABSTRACT

Very little work has been done on the mycorrhizates of the black poplar in Algeria. Therefore, thepose of
our investigation is to make an inventory of thecmyhizal procession of the black poplar in theioagof Kabylia
(Algeria). We were interested in seeing the infeenf age, position of trees compared to a rivertae influence of soil
factors on the relative rates of the two types g€onrhizae. Root samples were collected from foeeg of different ages
in March 2015. The trees were in different posiidm relation to a watercourse. A quantificatiortleé different types of
mycorrhizae was performed by means of the methgdested by Giovanetti and Mosse (1980). Physicoataanalyzes
were performed on the soils collected around thestr The results show some morphotypic wealthtonggorrhizal and
some diversity of mycorrhizal structures. The qifeattion revealed that endomycorrhizal colonizatiwas superior to
ectomycorrhizal colonization, whatever the ageheftrees and their position in relation to the watarse. The youngest
tree showed the highest rate in AM. Indeed, we chotegative correlations between the age variabdecafonization by

AMs. These results are essentially due to the pbghiemical factors of the soil.
KEYWORDS: Age, Endo- and Ectomycorrhizal, Soil CompositiBopulus nigra
INTRODUCTION

The black poplar Ropulus nigra is a very old natural plant species of the Mediteean basin. Formerly
considered as an important part of the agricultaradscape, it now ranks among the stress-toleggaties and used in the
reforestation of post agricultural land, soil detgd by industry and for the production of bioenesgf{Sebastiani et al.
2004; Yin et al, 2005; Monclus et al, 2006). ltaisfast-growing species, and its culture facilitykes of it the most
appropriate essence in intensive cultivation fanimss production (Labiod, 2007). Being a growinddvin northern
Algeria, the black poplar is present on mesophioophilic trays and along steep-sided water steedtris a rare species
encountered at the edge of wadis, the mount of déemKabylia and the Aurés mountain range (Mate71L9Bhe poplar
is also used in Algeria as a seed-bearer specigsn®v some stands are dying out and their futeems seriously
threatened. The poplar is among the rare specis#n develop two types of mycorrhizae: the ectmmpizae (EcM)
and endomycorrhizae (AM) (Guard, 2003).

The crucial role of mycorrhizae in plant nutritiamd tolerance to abiotic and biotic factors is vesitablished
(Lodge 1989; Gehring et al, 2006). Several studigszzo and Hacskalyo, 1974; Lodge, 1989; Brundegtal, 1990;
Neville et al 2002; Khasa et al, 2002; Welc 200&hfing et al, 2006) have allowed the observatiorcabnization
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variable rates by EcM and AM of the roots of a éargmber of poplar species and their hybrids.

Various factors influence the colonization by thdMS and AMs, such as the age of the tree (Domib#g8;
Malajczuk Gardner, 1988; Paul and Clark, 1996; Yo&n Heijden et al, 1999 ; Chen et al, 2000; Goresland Swifts -
Loucédo 1996 ), the potential of fungal inoculum Maer Heijden and Vosatka 1999), the litter accwatioh (Conn and
Dighton, 2000 ), the availability of phosphorus anitlogen (Baum et Makeschin, 2000 ), and soil tuoés(Truszkowska,
1953 ; Lodge 1989 ; Neville et al, 2002. Gehringalet2006). Little work has been done on the myieal state of the
black poplarPopulus nigra Accordingly, the main aim of our investigationtes make an inventory of the mycorrhizal
procession of the black poplar in the region of Wab(Algeria) and see the effect of age and positof the tree in
relation to waterways and the effect of soil phgsteemical properties on the relative rates of Wetypes of mycorrhizae

in this species.

MATERIALS AND METHODS
Sampling Site

The study site (geographic coordinates: 36° 3N @hd 4° 31' 0" E in DMS) is located in Ait Zikidpme forty
km from the capital of the Wilaya of Tizi Ouzou (@ria). The removal of roots was performed on Ma2€i5
characterized by rainfall P= 93 mm and average égaipre t=10.8°Cand it involved fourPopulus nigratrees. Four
samples were taken around each tree at 1.50m fnentraink and at a depth of 20cirhe trees are located at variable
distance from each other and also relative to treamss. They are designated by numbers from 1 Toeks 1 and 4 are
spaced from each other by about 400m and are rehfowa the streams. Trees 2 and 3 are moved away dne another
of about 200m and are very close to the watercodises 1 and 4 were far from the watercourse wiseregs 2 and 3
were on the edge of a watercourse. An auger waktosgetermine the age of the trees. The vegetaticompanying the
Populus nigratrees consists of holm oa@ercus ilex..) with a shrub layer made of cher®r(nus aviujy elm Ulmus
communi}, broom Calycotome spinogaash Fraxinus angustifolia dyss Ampelodesma mauritanizand blackberry

(Rubus fruticosys
Inventory of Mycorrhizae

The ectomycorrhizae are observed on fresh rooteruadinocular microscope then described and &iledsn
different morphotypes according to the abundandéeif extra-matrix mycelium, their color, theirsgie and the presence
or absence of cords and rhizomorphs. The endontyizas are described after treatment of the rodtggubke technique
of Phillips and Heymann (1970). The endomycorrhitalictures sought for are: vesicles, intra- andraellular hyphae,

platoons and arbuscules. The observations are widdl@an optical microscope at magnification 400.
Assessment of Mycorrhizal Colonization

The estimate of mycorrhizal colonization is carried by the grid-line intersect method advocatediyvannetti
and Mosse (1980). It is expressed as a percenfagagih of mycorrhized roots. The morphotypicahmess in EcM is

defined as the number of morphotypes noted pevichatl.
Soil Analyses

The soil samples around each tree are subjectgzhyeical and chemical analysis in the laboratoryttedf
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Department of Soil Science at the National Schdohgronomy (ENSA) of Algiers. The parameters analyzre the
water pH, the determination of phosphorus, totabgen, organic matter and texture by particle sizalysis. The results

obtained are interpreted by means of the standagigested by Villeman and Calvet (1986).
Statistical Analyses

The results are subjected to variance analysB &@0.05 level) complemented by the multiple corigoer test of
average designed by Newman and Kells by meansdBitstat9 software. An analysis of the main congms (ACP) is
performed using the StatBox 6 software in ordedetermine the effect of age, proximity to riversl aoil composition on
the relative rate of ECMs and AMs.

RESULTS

The trees involved in our study are of differenesgTree 1 is 50 years old, tree 2 is 73 yearstd, 3 is 60

years old, and finally tree 4 is aged 33.
Physicochemical Analysis of the Soll

The soil analysis of the four trees reveals soilh wery alkaline pH, low in nitrogen, very rich in

phosphorous and with low organic matter contenbl@a). The texture of the different soilssifty (Table2).

Table 1: Physico€hemical Data of Soil Taken Around Roots of the FouTrees

pH water | Total nitrogen % | P Olsen ppm | Organic Material% | Texture
Treel 6,84 0,020 81,75 1,43
Tree2 6,89 0,024 84,2 1,75 Silty
Tree3 6,82 0,020 83,7 2,14
Tree4 7,07 0,030 91,3 2,79

The Ectomycorrhizae
We observed different morphotypes (Figure 1).

* Intree 1 - aged 50 years, 22 morphotypes wererabdewith a dominance of mycorrhizae characterizgdhe

abundance of extra-matrix mycelia.

* Intree 2 - aged 73 years, 15 morphotypes wererebdewith a dominance of mycorrhizae characterizgdhe

abundance of extra-matrix mycelia.
* Intree - 3 aged 60 years, 10 morphotypes werereddeall of them with scarce mycelium.

 In tree 4 - aged 33, 12 morphotypes were observitdl & dominance of mycorrhizae characterized by the

abundance of extra-matrix mycelia.

The quantitative analysis of ectomycorrhizal motghes of the different trees highlights the rictmes
morphotype of the oldest tree, be it at the edgaveay from the water stream (Figure 1). The analg$ivariance has

shown a highly significant difference between thenber of morphotypes and the age of the tree (P868).
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Figure 1: ECM Morphotypic Richness of Populus Nigra(Ait Zikki Station)

nomber of ECM morphotype

The Endomycorrhizae

The observation of the roots revealed the presehabfferent endomycorrhizal structures, namelyusr and
Paris types of arbuscules, platoons, round and iot@cellular vesicles with or without lipid glolas, intracellular and
extracellular spores, and hyphae of different sigtbdiameters or septa (Table 3).

Table 2: Endomycorrhizal Structures Observed in Roots oPopulus Nigra( Ait Zizzi Station)

: Septa Siphoned
Arum Paris Roud Oval
o - Peloton | Extracellular | Extracellular
Arbuscules | Arbuscules | Vésicles| Vésicles Hyphae Hyphae
Tree 1 + - + + + + +
Tree 2 + - + + + + +
Tree 3 - + + + + + +
Tree 4 + - + + + + +

+: présent, - : absent
Estimate of Mycorrhizal Colonization

The estimate of mycorrhizal colonization of diffeterees shows significant differences between erzhal
ectomycorrhizal colonization. The length of the emycorrhized roots seems more important than tHatthe
ectomycorrhized roots (Figure 2). The statisticalgsis shows a highly significant difference inacozation for tree 2 (P
=0.0001), tree 3 (P = 0.0002) and tree 4 (P =32DIHowever, no difference is observed in the cddeece 1.

70 4

60 -

50
40 4
30 1 EcM
20 4 AM
10 - I I ]
0 . . :

1 2 3 4

Different trees of Populus nigra of Ait Zikki station

length of mycorrhizal roots (%)

Figure 2: Ectomycorhiza and Endomycorhriza Root Lemgth of Populus Nigra Trees

The biplot distribution of main component analyésgure 3) shown in two factorial axes (inertia 898hows
negative correlations, though not significantlytvien the root colonization rate by the CHMS anldmiaation AMs (R

=-0.28, P = 0.05). On the contrary, negative datiens are observed between the age variable alodization by AMs
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(R = -0.71, P = 0.05). This suggests that endomiiczal colonization in the young tree is higher. fegards the
phosphorus element, the correlation is negativeu@ih not significantly: R = -0.48) with ECMs, ands positive with the
rate of AMs (R = 0.80). As for the nitrogen elemahe correlation is negative (though not signifidg R = -0.51) with
the ECMs, and it is positive with AMs (though ndgrsficantly: R = 0.58). For the position variakiterelation to water
streams, CPA brings up a positive correlation witth ECMs (R = 0.62) and AMs (though not signifitganR = 0.24).
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Figure3: Graphic Representation of the Various ACPVariable
DISCUSSIONS

The observation of fresh roots Bbpulus nigraof Ait Zikki has revealed some richness in ectoamyizal
morphotypes. The most observed morphological tgpgbe one characterized by abundant extra-matrisetiym. This is
in agreement witliGardes (2003) that reports a diversity of ECM camities of the black poplar depending on the habita
and the age of the tree.

Various endomycorrhizal structures have been olseinv the roots oPopulus nigraof Ait Zikki, confirming
that the black poplar is a species with a doubhatsgsis as reported by Lodge (1989) and Lodge ardtWorth (1990)

The quantification of mycorrhization shows the doarice of arbuscular mycorrhizae in all of the ftrees,
regardless of their age and their position in i@hato the watercourse. The most important endommgczal colonization
is observed in the youngest tree. This result mgreement with that of Gardes et al. (2003) wheeoled more AMs on
young poplars. Similarly, Piotrowski et al. (200tve reported a peak of colonization by AMs in ypBopulustrees.

Ectomycorrhizal colonization is lower than endomyb@ation in all of the fouPopulus. nigratrees. However,
Gardes et al. (2003) and Piotrowski et al. (200&)their part, have noted in the black poplar é&ased ectomycorrhizal

colonization in accordance with the tree age.

Negative correlations between colonization by tEVE and the availability of nitrogen (R = -0.51=P.05) and
the phosphorus element (R = -0.48, P = 0.05) haen moted in the present study. Positive correlatitave been also
noted between colonization by AMs and the avaitgbdf nitrogen (R = 0.58, P = 0.05) and phosphdqiks= 0.80, P =
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0.05). According to several authors (Truszkowskg3t Lodge, 1989; Baum and Makeschin, 2000; CorthRighton,
2000; Neville et al., 2002; Gehring et al., 20a®)lonization by the ECMs and AMs is influenced hg physicochemical

properties of the soil.

The soil taken around roots of the different trisegery poor in total nitrogen and organic matlidre AMs have
thus the ability to effectively absorb mineral agen and amino acids that can be present in théGmirty et al., 2010;
Smith and Smith, 2011) and transfer it to the plant

Indeed, the different soils of the study statiorvéhaneutral pH (between 6.82 and 7.07) that coulevemt
phosphorus absorption by the root system. Thisbeaassimilated to a phosphorus deficit for the tpl@this may also
explain, in our case, the high rate of observed Adtmsidering that AMs are known to be efficienttie absorption of
phosphorus in case of deficit (Read, 1989). It &l Wwnown that the phosphorus uptake by roots kaladle and neutral
soils is reduced (Bolan, 1991).

We have also noticed that whatever the positiotheftrees with respect to the watercourse, endomtyizal
colonization is dominant. It is worth noting thhetcollection of roots was conducted in March, aathaharacterized by
an average rainfall of 93 mm, the soil not being dihe roots of trees 1 and 4 were in moist whilese of trees 2 and 3
were in flooded soil because they had grown aetlge of a water stream. High rates of colonizaltipiAMs have been
noticed in moist or even flooded soils (Lodge, 1,98dler, 2000; Entry et al., 2002). An increaseaafonization by AMs
of roots growing in waterlogged soils at certamds has been observed by Truszkowska (1953) insAlodge (1989) in
Salix nigraand by Miller and Bever (1999) Panicum hemitomon

Older trees recruit more ectomycorrhizal morphogypeseems that morphotypic wealth be greatetdardrees.
Indeed, for the trees near the river, 22 morphatypeve been described in the tree aged 50 years2anrphotypes in
the tree aged 33 years. Similarly, for the trees tiee river, we have described 15 morphotypehénone aged 73 years
and 10 morphotypes in the one aged 60 years.

CONCLUSIONS

The study of mycorrhizal procession of black poigRwpulus nigra of Ait Zikki in the Kabylian region (Algeria)
has shown some morphotypic richness in ectomycaehiand various endomycorrhizal structures. Endomliyizal
colonization expressed in percentage of mycorrhizmuts has revealed to be more important than eaomhizal
colonization, regardless of the age of the tree whdtever the position of the trees in relatiorthte watercourse. The
number of EcM morphotypes, however, increases agéh It seems that the composition of the soilgeisfly in nitrogen
and phosphorus) is at the origin of this differeirceolonization by the two types of mycorrhizaewbuld be interesting
to identify the fungal partners associated with thlack poplar which has shown richness of mycoathiand
ectomycorrhizal fungal assemblages and to follolerdaation at different stages of development ef $pecies in order to

determine the most effective fungal species.
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