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The mycorrhization of Pinushalepensis had been investigating dusing different autochthonous
ectomycorrhizal (ECM) fungi isolated from soils collected at the Haouz region. The obtained results
showed that Hebelomamesophaeum, Suillusbellini, Suilluscollinitus, the isolate 3530 of
Suillusmediterraneensis and Tricholomaterreumhas led to growth improvements depending on the fungal
speciesand the nature of phosphate (P) source. The culture of Aleppo pine seedlings in the presence of
organic (phytate) or mineral (KH2PO4) P source is reflected by a very significant increase of acid
phosphatase activity in cytoplasmic and membrane-bound fractions. This phosphatase induction was
found to be more important in the presence of organic phosphate. In the presence of phytate, a positive
correlation was observed between high levels of phosphatase activity and the improvement of growth and
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INTRODUCTION

Aleppo pine (Pinushalepensis Mill.) congtitute a very important
reforestation essence in many mediterranean countries with
more than 65.000 ha in our country (Belghazi et al, 2000).
Because, of the soil and severe climatic constraints the
reforestation success were very limited. Mycorrhization
process of plants in controlled conditionsimproved the quality
seedling (Boukcim et al, 2002). It is well known that this
symbiotic assotiation improve the hydro-mineral nutrition of
the host plants. The large volumes of soil explored by fungal
hyphae increase the absorption of water and nutrients. This
contribution is a crucial importance in limiting conditions
(Baxter and Dighton, 2005; Turjaman et al, 2006; Garcia et al,
2014). Many authors’ reported that tree species such as pines
are highly dependent on their fungal symbionts (Ouahmane et
al, 2009; Brundrett, 2002). ECM fungi provides minera
nutrients to their hosts, mainly N and P, which otherwise would
not be available (Smith and Read, 2008). In addition,
ectomycorrhizae have been shown to enhance resistance of
hosts plants to biotic and abiotic stress such as drought (Kipfer
et al, 2012; Worchel et al, 2013), degraded soil (Rincon et al,
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2007) and burnt soil (Sousa et al,2011), high salt
concentrations (Langenfeld-Heyser et al,2007; Luo et al,
2011), or metal contamination (Kzrnaric et al, 2009).The P
nutrition is a limiting factor for plants growth in wide regions
of the globe(Persson et al,2000; Hrynkiewicz et al,2009;
Nygren and Rosling, 2009).Most of phosphorus in soils is
present in unavailable forms to plants as insoluble mineral
and/or organic. The ECM symbiosis are often reported to play
a key role in improving P nutrition of the host plant
(Wallander, 2000a, 2000b; Tatry et al, 2009; Jouranda et al,
2014).Through this symbiosis, hosts plants develop numerous
adaptation  strategies (morphological, physiological or
biochemical) which enhance the acquisition of inorganic P
and/or improve the effectiveness of itsinternal use (Nehls et al,
2001; Rosling and Rosenstock, 2008). Indeed, Mycorrhizal
fungi are known to enhance nutrient uptake, particularly of P.
either (i)by increasing the absorbing surface and aso by
explorating larger soil volumes (ii)the small hypha diameter
leading to an increased P-absorbing surface area and, compared
to non-mycorrhizal roots, higher P influx rates per surface unit,
(iii) the production of organic acids and phosphatases, which
catalyze the release of P from organic complexes, and (iv) the
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formation of polyphosphates by mycorrhizal fungi and hence
low internal P concentrations (Marschner and Dell, 1994).

In poor P soils, hydrolysis of organic phosphorus is attributed
to the excretion of fungal phosphatases that increase the
amount of orthophosphate available in the soil solution and
expand the range of degradable phosphorylated substrates
(Mousain et al, 1997; Alvarez et al, 2005). Hydrolytic enzymes
of ECM fungi play a paramount role in the mutualistic
relationship between the fungus and their hosts in mobilizing
nutrients from organic sources (Tabot et al, 2008; Pritsch and
Garbaye, 2011). The synthesis of these enzymes and their
regulation appear critical for access to the organic P and
improving P nutrition of ectomycorrhized plants. Despite the
importance of this phenomenon, few studies have attempted to
elucidate the mechanisms regulating the activity of these
enzymes as well as the influence of the soil environment
conditions. According to Read and Perez-Moreno (2003), ECM
fungi have the potential to be directly involved in attack both
on dtructural polymers, which may render nutrients
inaccessible, and in mobilization of N and P from the organic
polymers in which they are sequestered. Furthermore, the
production of phosphatases has been often reported as variable
depending on the ECM species (Antibus et al, 1997; Eaton and
Ayres, 2002). The selection of efficient strains so a particular
importance for the production of quality plants can adapt to
severe conditions of the arid zones. The present work fitsinto
this context and aims to study the physiological (growth and
mineral nutrition) and biochemical (acid phosphatase activity)
behavior in mycorrhized or non-mycorrhized Aleppo pine
using five autochthonous ECM fungi depending on the nature
of Psource, organic (phytate) or inorganic (KH,PO,).

MATERIALS AND METHODS

Plant and fungal material

The Aleppo pine seedlings grown from seeds were kindly
provided to us by the Regional Forest Research Centre of
Marrakech.

Five autochthonous ECM fungi: Suilluscollinitus(Fr.) O.
Kuntze, Suillusbellini (Inz.) watl, Hebel omamesophaeum(Pers.)
Quélet, Tricholomaterreum(Sch.: Fr.) Kummer and the isolate
3530 of Suillusmediterraneensis(Jaquet. and Blum) Redeuilh
collected from the Haouz forests of Marrakech province
(Touflint, Amezmiz and Tizrag) (Oihabi, 1998) constitute the
fungal inoculum used in this work.

Conduct of cultures

Mycorrhization with five ECM fungi was carried out according
to the technique of solid inoculum (Marx and Bryan, 1975).
The mycorrhizal inoculation was realized just after germination
of Aleppo pine seeds by mixing the inoculum with a proportion
of 10% culture substrate. Cultivation of plants was conducted
on a single type of artificial substrate (peat) disinfected for 4
hours at 150°C. Fifty repetitions have been prepared for each
symbiotic species. Culture plants was conducted in a growth
chamber at temperature 22/18°C and photoperiod 16/8 hours

(day/night) and under a ceiling light with a light intensity of
240 umol.m2.s™. The irrigation of plants was effected by tap
water (pH 7), three times per week. The periodic control of
mycorrhized root systems development, allows following of
growth and mycorrhizal colonization. Seven months after the
inoculation, al plants proved mycorrhizal colonization. The
mycorrhizal intensity was determined according to the
technique described by Nezzar-Hocine (1998). The root
systems of plants were washed and examined under the
microscope, and then were cut into segments of 2cm in length.
The counting was conducted on segments randomly chosen to
achieve 100 root tips per plant. The mycorrhizal intensity was
expressed as a percentage of mycorrhized short roots
contribution to the total number of short roots. After seven
months of culture, mycorrhized and non-mycorrhized (control)
aleppo pine seedlings by the five symbiotic fungi were
transplanted in jars of 500 ml containing 400 ml of vermiculite
saturated with the mineral components of the nutrient solution
of melinNorkrans (Norkrans, 1949) in the presence of organic
P(phytate [100mg/l]) or mineral (KH,PO, [500mg/l]). The
substrate thus prepared is autoclaved for 20 min at 120 °C. In
each container, three plants are transplanted and six replicates
were performed for each treatment and symbiotic species. The
seedlings are then incubated in the same conditions of
temperature and photoperiod described above. The watering of
plants was repeated three times per week with 20 ml of mineral
solution prepared of melinNorkrans containing organic or
inorganic P. Physiological and biochemical parameters were
determined in mycorrhizal and non mycorrhizal plants
according akinetics0, 15, 30 and 45 days of treatment.

M easur ed parameters
Estimating Growth

The growth of harvested seedlingsis assessed by measuring the
rate of dry matter (DM) of both aerial and root parts after
drying for 48h at 80°C.

Minerals contents

Dried samples of the aerial parts of Aleppo pine seedlings of
various treatments have been mineralized according to the
method described by Harvey and Fox (1973). The
determination of the phosphorus is performed by
colorimetrically using the AFNOR T90-23 technique. The
sodium, calcium and potassium contents were determined using
flame emission spectrophotometry (Rodier, 1984). For the
determination of magnesium content anatomic absorption
spectrophotometry analysis was performed (Perkin-Elmer,
1966). The total amount of nitrogen (N) is measured using the
Kjeldahl method (Rodier, 1984).

Phosphatase activity determination

Extraction of phosphatases was performed on the roots of
mycorrhizal and non mycorrhizal plants at15", 30" and 45
day of treatment. The extraction and fractionation procedures
were based on the method of Straker and Mitchell (1986), as
modified by McElhinney and Mitchell (1993). The samples of
200 mg of each species are ground in mortar in 1.5 ml ice-cold
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digtilled water. The homogenate was then centrifuged twice at
12000g for 15 min at 5°C. The supernatant were bulked to
congtitute the cytoplasmic fraction. The residue was re-
suspended in 1.5 ml ice-cold 0.2% Triton X-100 solution for 2
hours. The homogenate is centrifuged at 12000g for 15 min at
5°C. The supernatant collected congtitutes the membrane-
bound fraction.

Determination of acid phosphatase activity was carried out
using p-nitrophenolP (pNPP) as a substrate (20 mg of pNPP
were solubilized in 15 ml of distilled water). A mixture of 0.1
ml enzyme extract, 0.9 ml 0.1 M of sodium acetate buffer (pH
4.6) and 1 ml 3.6 mM-pNPP as the substrate was incubated for
30 min at 25 °C and the reaction was stopped by adding 5 ml
0.1 M NaOH (Antibus et al, 1992). A control without the
enzyme (0.1 ml distilled water) was always included to
measure non-enzymatic  hydrolysis of the substrate.
Absorbance at 410 nm was measured and converted to units of
pmol p-nitophenol (PNP) released. The results of the specific
activities are expressed as a percentage change compared to the
control.

Protein determinations

Total protein of each root fraction was assayed by the method
of Bradford (1976) using bovine serum albumin as the
standard.

Statistical analysis

Statistical analyses were carried out using the STAT-ITCF
program (Anonymous, 1988), and means were separated
according to the Newman-Keuls test (P < 0.05).

RESULTS

The mycorrhizal colonization of Aleppo pine by different root
symbionts of the Haouz region is expressed by the mycorrhizal
intensity. The evaluation of mycorrhizal intensity in seedlings
of Aleppo pine shows a difference in the ability of colonization
of different symbiotic species used. The most important
colonization capacities were observed in the presence of
Hebelomamesophaeum, the isolate 3530 of Suillus
mediterraneensis and Suilluscollinitus species, 74%, 73% and
70% respectively (Table 1). Quillusbellini presented the lowest
mycorrhizal capacity (40%). The Tricholomaterreum species
presented the intermediate performance of approximately 60%.
The mycorrhizalintensity of Aleppo pine seedlings after 45
days of culture in the presence of both forms of Phave
remained virtually unchanged. The type of organic P (phytate)
or mineral (KH,PQO,4) used in the culture medium seems to have
no effect on the mycorrhizal intensity after 45 days of
treatment. The mycorrhization by all fungal species tested
resulted in significant improvements of the production of shoot
and root biomass for both organic and inorganic P sources
(Fig.1). The improvements for biomass production vary in the
case of mineral P nutrition between 100 and 180% for aerial
parts and 120-230% in the roots (Fig. 1 A and C). It is
important to note that these improvements rates have virtually
equivalent to those observed at time TO corresponding to the
time of the contribution of the mineral P. These improvements

in biomass production would consequently be due solely to the
mycorhization and non to the contribution of inorganic P. The
Suillushellini species is characterized by the lowest rate of
improvement unlike Hebelomamesophaeum, Suilluscollinitus
and the isolate 3530 of Suillusmediterraneensis species that
leads to the highest rate of improvement. The application of
organic P source resulted in improvement rate of shoot and root
biomass production increasing as a function of the treatment
time and the used symbiotic species (Fig. 1 B and D). These
increases reached after 45 days more than 260% for dry shoot
matter with Hebelomamesophaeum, Suilluscollinitus, Tricholo
materreum and the isolate 3530 of Suillusmediterraneensis
species and more than 350% for dry root matter with
Hebelomamesophaeum, Suilluscollinitus and the isolate 3530
of Suillusmediterraneensis.

The analysis of the results of various mineral elements contents
(K*, Na*, Ca®* and Mg®") in the aerial parts of mycorrhized and
non-mycorrhized plants, after 45 days of culture in the presence
of organic (phytate) or inorganic (KH,PO,) P shows that
mycorrhization enhances the absorption of these mineralsin a
more or less important according to the symbiotic species and
the used P form (Table 2). In the presence of inorganic P, most
symbiotic species have caused no improvement in the
absorption of the different elements examined. Only the
Hebelomamesophaeum and Suilluscollinitus species seem to
promote significantly the absorption and accumulation of these
elements. In the presence of phytate, all symbiotic species
induced highly significant improvements in mineral nutrition in
mycorrhized plants, when we noticed a marked decrease in the
ionic status in control plants (non-mycorrhized) compared to
control plants grown in the presence of KH,PO,.

We dso note that both Hebelomamesophaeum and
Suilluscollinitus species proved to be the most effective
inducing higher levels of minerals in mycorrhized plants.
Concerning the two elements nitrogen and phosphorus known
to be the most limiting growth and biomass production, the
improvements registered in the case of phytate must come
through an induction of synthesis and secretion of enzymes
capable of mineralizing this organic form of P. Knowledge of
the kinetics of absorption and accumulation of P and nitrogen
would inquire on performance and speed of adaptation to
different symbiotic species.

Table 1 Mycorrhization intensity of Aleppo pine
seedlings, determine dat 0™ (TO) and 45" (T45) day after
treatment in the presence of organic (phytate) or inorganic
(KH,PQ,4) phosphate.

Treatments TO T45
< 69,50+ 6,36 70,50 * 2,12
. D 40,00+ 424 31,00+ 566
'“Orgf‘}'(‘:i‘ggj’hae SM3530  7300+4,24 7150+ 4,95
Hm 74,00+ 2,83 73,00+ 566
Tt 59,50+ 4,95 51,50+ 354
< 69,50+ 6,36 74,50 + 4,95
Organic phosphate @ 40,00+ 4,24 46,50 + 3,54
(et SM3530  7300+4,24 79,00+ 1,41
Hm 74,00+ 2,83 78,50+ 4,95
Tt 59,50+ 4,95 64,50 + 3,54

Sb :Suilluscollinitus(Fr.) O. Kuntze

Sc :Suillusbellini (Inz.) watl

Sm3530 : Suillusmediterraneensis(Jaquet. & Blum) Redeuilh isolat 3530
Hm :Hebelomamesophaeum(Pers.) Quélet

Tt :Tricholomaterreum(Sch. : Fr.) Kummer
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Table 2 Some mineral Contents (mg/g DM) of the
mycorrhized and non-mycorrhized Aleppo pine seedlings
shoots, after 45 days supply of organic (phytate) or
inorganic (KH2PO4) phosphate.

Treatments Na* K* ca* Mg*

Control 1,78b 6,97 b 1,21a 358hb

Inorganic 5o 2,23a 7,88a 1,34 a 3,83a
phosphate S 1,78 b 7,23 ab 121a 3,66b
(KH,PO,) Sm3530 2,00ab 742 ab 1,30a 3,82a
Hm 2,18a 7,75a 134a 386a

Tt 1,89 ab 7,49 ab 1,25a 3,75a

Control 0,96 b 575b 1,07b 290b

Organic 5o 2,24 a 7,68 a 1,30 a 3,83a

phosphate S 1,84a 7,23a 1,16ab 364a
(phytate) Sm3530 2,01la 742a 1,25ab 3,79a
Hm 2,23a 755a 1,30 a 3,83a

Tt 1,84a 7,36a 1,16ab 3,73a

The results followed by different letters for each phosphate treatment differ
sianificantlv at 5%.

3530 of suillusmediterraneensiss owed significantly improved
nitrogen nutrition.

The results of the evolution of phosphorus levels as a function
of time and the nature of Psource show higher rates of
phosphorus in mycorrhized plants compared to control plants
(Table 4).

In the case of the mineral P nutrition, different fungal species
have resulted in practicaly equivalent improvements in
absorption and accumulation of P in Aleppo pine plants. In
contrast, the use of phytate causes a significant decrease in the
levels of phosphorus in the control plants. After 45 days of
culture, the phosphorus content in these plants are reduced by
20% compared to initial contents. Mycorrhized plants were
able to maintain their phosphorus levels at

Table 3 Total nitrogen Contents (mg/g DM) in mycorrhized and non-mycorrhized Aleppo pine seedlings shoots,

determinedat 0", 15™, 30" and 45™ day after supply of organic (phytate) or inorganic (KH,PO,) phosphate.

NTK I nor ganic phosphate Organic phosphate
Treatments TO T15 T30 T45 TO T15 T30 T45
Control 3,16 bc 3,09b 321bc 3,22d 3,16 bc 314b 3,09d 3,05d
S 346a 328ab 344a 351b 346a 336a 342b 346ab
S 3,14 bc 312b 31lc 3,19d 3,14 bc 3,16b 321cd 323cd
Sm3530 3,26 b 321lab 329b 3,39¢c 326b 330ab 3,33bc 3,37hc
Hm 350a 335a 350a 367a 350a 342a 358a 360a
Tt 321b 3,16b 3,23 bc 329cd 321b 319b 3,23 cd 3,29 bc

The results followed by different letters differ significantly at 5%.

Table 4 Phosphorus contents (mg/g DM) in mycorrhized and non-mycorrhized Aleppo pine seedlings shoots,
determinedat 0", 15™, 30" and 45" day after supply of organic (phytate) or inorganic (KH,PO,) phosphate.

P Inorganic phosphate Organic phosphate
Treatments TO T15 T30 TO T15 T30 T45
Control 0,33d 0,30d 035¢c 0,39b 0,33d 031d 03lc 0,26d
< 0,38a 0,36 a 04la 042a 0,38a 0,36 ab 0,37 ab 0,39 ab
S} 035¢c 03lc 035¢c 0,38b 035¢c 0,35 bc 035b 036¢c
Sm3530 0,37 bc 0,36 &b 0,39b 0,40 ab 0,37 bc 034c 035b 035¢c
Hm 0,38 ab 0,36 a 0,39b 04la 0,38 ab 037a 0,38a 0,39a
Tt 0,36 ¢ 0,36 &b 0,38b 0,40b 0,36 ¢ 0,35 bc 0,35b 0,37 bc

The results followed by different |etters differ significantly at 5%.

Total nitrogen contents determined in the aerial parts of plants
indicate that ectomycorrhizas improve nitrogen nutrition in the
presence of two P forms (Table 3). This nutrition is influenced
most at least importantly according to symbiotic species.
Monitoring levels of total nitrogen for 45 days of treatment in
the presence of both forms of P shows a significant
improvement in mycorrhizal plants by contribution to the
control plants.

In mycorrhized plants, it seems that the uptake and
accumulation of nitrogen in the aerial parts of Aleppo pine was
independent of the nature of the P source. Conversely in
control plants, in the presence of phytate, the kinetics of uptake
and accumulation of nitrogen decreased. At the beginning of
treatment, only Hebelomamesophaeum and Suilluscollinitus
have significantly improved the levels of total nitrogen.

In the presence of phytate and after 45 days of treatment all
symbiotic species have significantly improved nitrogen
nutrition with the exception of the Suillusbellini species.
oppositly, in the presence of KH,PO, only the symbiotic
species Hebelomamesophaeum, Suilluscollinitus and the isolate

comparable val uesas those registered in the case of inorganic P
source. Indeed, comparison of the phosphorus content of
mycorrhized plants can be observed practically no significant
differences depending on the nature of the used P.

The acid phosphatase activity was measured in the presence of
two types of substrates (KH,PO, and phytates) in different cell
fractions (cytoplasmic and membrane-bound). The evolution of
this activity as a function of time wasalmost identical for the
different fractions but differ depending on the type of substrate
(Fig. 2). The results show that the inorganic P induces virtually
no stimulation of this activity. Mycorrhized plants have higher
activities compared to non-mycorrhized plants,differences
exceeding 70% were registered. The mycorrhization by
Hebelomamesophaeum, Suilluscollinitus and the isolate 3530
of Suillusmediterraneensis has led to the most important
phosphatase activities. In contrast to the inorganic P, the
phytate induced significant stimulations of phosphatase
activities resulting in continued increases as a function of time.
These improvements of over 200% indicate a net stimulation.
The ECM fungi Hebelomamesophaeum, Suilluscollinitus and
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the isolate 3530 of Suillusmediterraneensis have demonstrated
the best performing.

DISCUSSION

The mycorrhization of Aleppo pine seedlings by autochthonous
fungi of the Haouz region has led to an improvement in their
growth for both Psources. The improvement of plant growth by
ECM symbiosis as indicated by significant increases in shoot
and root biomass has been widely reviewed (Marschner, 2012;
Jouranda et al, 2014).Stimulation of dry matter production was
much greater in the presence of organic P, the same finding
was reported by several authors (Lunt and Hedger, 2003;
Baxter and Dighton, 2005). No additional improvement in
biomass production has been registered after application of
KH,PO,. This result would probably be the result of favorable
and non-limiting culture conditions before treatment with P
sources.

Ekblad et al (1995) reported that mycorrhized Pinussylvestris
seedlings by the ECM fungus Paxillusinvolutus, leads to 7
times greater improvements in growth in cases where the
availability of Pislimiting for growth. The best productions of
aerial dry matter are observed with Hebelomamesophaeum,
Suilluscollinitus, the isolate Sm3530 of Suillusmediterraneensis
and Tricholomaterreum species. The ECM fungi Hebeloma
Mesophaeum, Suilluscollinitus and the isolate Sm3530 of
Suillusmediterraneensis have also promoted root dry biomass
production. These differences in the induction of biomass as a
function of the mycorrhizal species can be explained by the
high carbon costs of mycorrhization establishment and
development (Lindahl et al, 2002). Finlay and Soderstrom
(1992) estimated that around 20% of the assimilated carbon
from the plant is translocated to the fungal symbiont in ECM
associations Bicking and Heyser (2001) added that during the
ECM symbiosis, a bidirectional transfer of carbohydrates and P
occurs across the same interface

A 350 - B 3350 1
—k—SC —¥—Sc
320 320 1
—m—<h ——Sb
290 1 —4—5Sm3530 290 1 | —&—Sm3530
% 250 4 —H—Hm % 260 —=—HEm
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= 230 7 = 5. 230
a‘: = 2’ 2
< 8 =3
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Fig. 1 Aerial and root parts dry matter (%/control) of mycorrhized and non-mycorrhized Aleppo pine seedlings, treated during 45 days
with different P sources.

The aerial part A: in the presence of KH,PO, or B: in the presence of phytate and the root part C: in the presence of KH,PO, or D: in the presence of

phytate.
The values represent the mean of 6 individual measures.
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structure. In addition, the relatively short duration of treatment
with P sources (45 days) would probably explain the absence of
effect on the mycorrhizal intensity. Nevertheless, several
studies reported a decrease in the degree of root colonization by
ECM fungus to high levels of fertility particularly in nitrogen
and phosphorus (Conjeaud, 1996; BoukcimandMousain, 2001;
Ingleby et al, 2001; Brearley et al, 2007).

Generdly, the mycorrhization of Aleppo pine induced a
significant improvement of minera nutrition including
nitrogen, magnesium, potassium, sodium and calcium. Several
studies have demonstrated the crucia role of ECM fungi in
improving the acquisition of nutrients from the host plant
(Baxter and Dighton, 2005; Turjaman et al, 2006). Thus, the
significant increase in the assimilation of nitrogen was reported
for conifer mycorrhizal seedlings (Finlay et al, 1988), As well
as for sodium (Buicking and Heyser, 2000b), calcium (Blum et
al, 2002) and potassium (Bucking and Heyser, 2000b).
According to Garcia et al (2014) the potassium nutrition of
mycorrhizal pine plants was significantly improved under
potassium-limiting conditions.

Cytoplasmic fraction (Phytate)

Our results demonstrate an influence of the P form on the
minera nutrition of mycorrhizedand non-mycorrhized plants.
In the presence of phytate, the mycorrhization has improved
nutrition in nitrogen, magnesium, potassium, sodium and
calcium. By contrast, in the presence of KH,PO,, calcium
nutrition registers no difference between mycorrhized and non-
mycorrhized plants. However, in some cases a dilution effect
would explain the lower levels in mycorrhized plants. Despite
higher absorbed amounts of a growth-limiting nutrient, its
concentration on a fresh or dry weight basis may not change
appreciably because the resulting stimulation in growth causes
dilution (Oihabi, 1991; Syvertsen et Graham, 1999; Blum et al,
2002). This dilution effect reduces the value of the mineral
analysis of leaf tissue as an indicator of nutrient status.

Mycorrhization induces a significant improvement in the P
nutrition. This improvement depends very significantly on the
symbiotic species and the used P form. Non-mycorrhized
plants have proved unable to absorb organic P which had for
conseguences a reduction in their growth (Haran et al,2000;
Baxter and Dighton, 2005).

Cytoplasmic fraction (KIL,PO,)

300
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> -
280 280 - 5o
Z 260 g
Z <0 = 260 - ——Sh
= 240 = 240 4 —&— Sm3530
" - o —
g =220 3T o0 Hm
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S 7160 ¥—Sc e 160
E 140 —=—Sb 3 140
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Fig. 2 Kinetics of induction of acid phosphatase activity in cytoplasmic and membrane-bound fractions of mycorrhized and non-
mycorrhized Aleppo pine seedlingsin the presence of phytate or KH2PO4 as the phosphate source.
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This reduction of growth affects more the aeria parts; it has
been concluded that root growth, and the resulting extension of
the absorbing surface, occurs at the expense of further shoot
growth and is an adaptive mechanism of plants subjected to P
limitation (Bucking and Heyser, 2001).Different ECM species
tested showed abilities to use organic P and improve P nutrition
of host plants. This ability well known for mycorrhizal fungi
(Lunt and Hedger, 2003; Read et Perez-Moreno 2003; Baxter
and Dighton, 2005; Courty et al, 2005; Lambers et al, 2009)
Allows to improve the plants growth in environments with low
availability of inorganic nutrients (Lindahl et al, 2002;
Alguacil, 2003).

The mechanisms of acquisition and transfer of organic P of the
mycorrhizal fungus to the host plant pass through plant-fungi
interactions. It has been suggested that P transfer resulting from
mineralization of organic formsto the host plant is regulated by
the intracellular P concentration in the hyphae of the Hartig net
(Bucking and Heyser, 2000a). Cairney and Smith (1992)
explain that the P demand of the host plant regulates P uptake
by a mycorrhizal fungus. Regulation by the host would ensure
that the mycorrhizal root absorbs P with the greatest efficiency
when the plant is under P limitation (Bicking and Heyser,
2001; Casarin et al, 2004). Plants grown under P limiting
conditions showed several physiological changes that reflect
the metabolic systems activity, induced by P starvation,
suspected of playing a crucial role in maintaining the supply of
plant nutrients (Duff et al, 1994). Previous works suggest that P
starvation increases the synthesis of a P-carrier complex that is
postulated to be involved in the P-uptake process (Furihata et
al, 1992; Shimogawara and Usada, 1995). In addition to
increasing their capacity for P uptake, roots may alter chemical
equilibria in the rhizosphere and access P-containing pools not
readily available to the plant (Cumming, 1996).

Mycorrhization of Aleppo pine seedlings is also accompanied
by improvements in acid phosphatase activity. This activity
depends on the ECM species involved (Eaton and Ayres, 2002;
Alvarez et al, 2003; Baxter and Dighton, 2005) and the
availability of P (Pasqualini et al, 1992; Cumming, 1993). The
culture of plants in the presence of organic P (phytate) is
reflected by a very significant increase of acid phosphatase
activity in cytoplasmic and membrane-bound fractions. This
demonstrates that plants respond to phosphorus limitation by
increased exploitation of phosphorus-containing organic
sources by ectomycorrhiza (Bernard et al, 2002; Hagerberg et
al, 2003). This adaptation to phosphorus limiting conditions
passes through a stimulation of phosphatase activities (Alvarez
et al, 2006; Courty et al, 2006; Hrynkiewicz et al, 2009). In the
presence of KH,PO,, phosphatases activities of mycorrhizal
plants remained comparable to those of control plants. This
suggests that at sufficient and supraoptimal P supply, a
mycorrhizal infection has no positive effect on P absorption
(Amijee et al, 1993). The high concentrations of
orthophosphate repress the phosphatases synthesis by
mycorrhizal fungi (Pérez-de-Mora et al, 2013). Kimmo et al
(1994) aso demonstrated a negative correlation between acid
phosphatase activity and P concentration in Scots pine. The
primordial advantage of mycorrhizal fungi is their secretion of
phosphatase enzymes to mineralize the phosphorus-containing
organic sources (Tabot et al, 2008; Pritsch and Garbaye,

2011). Similarly, Tibbett and Sanders (2002) reported the
ability of Hebelomasyrjense to improve P nutrition of the plant
through access to limited P organic resources. The performance
of ECM speciesis closely related to the level of production and
activity of these enzymes (Sinsabaugh and Moorhead, 1994).
These activities vary depending on the ECM species involved.
Hebelomamesophaeum, Suilluscollinitus, the isolate 3530 of
Suillusmediterraneensis and Tricholomaterreum species were
more effective in inducing acid phosphatase activities. In
addition, our results show a positive correlation between high
levels of phosphatase activity produced by mycorrhized plants
and the improvements of growth and Pnutrition. These results
confirm those of many authors reported in other models
(Cumming, 1993; Mousain et al,1997; Lunt and Hedger, 2003).

CONCLUSION

Among the five studied autochthonous ECM species, four were
particularly effective in improving the growth and P nutrition
of Aleppo pine plants. Indeed, Hebelomamesophaeum,
Suilluscollinitus, the isolate 3530 of Suillusmediterraneensis
and Tricholomaterreum species led to the highest rates of
mycorrhizal colonization, biomass production, improvement of
the ionic status and acid phosphatase activities. In the presence
of phytate, a positive correlation was observed between the
high level of phosphatase activity produced by
ectomycorrhized plants and phosphorus uptake. These results
are of great interest, especially as these mycorrhizal fungi are
not only a stimulatory effect of growth and mineral nutrition,
but can also improve water status and also play roles as
biological control. These studies must be deepened to provide
additional elements regarding the understanding of induction
and regulation mechanisms of phosphatase activity with a view
to exploit the biological performance of these mycorrhizal
fungi.

Acknowledgements

The authors thank Prof. Mario Honrubia the University of
Murcia (Spain) for his contribution in the determination of
ECM species. This work is financially supported by the
Thematic Program of Support to Scientific Research (Morocco,
PROTARSII).

References

Alguacil, M.M., Caravaca, F., Azcon, R., Pera, J., Diaz G.,
Roldan, A., 2003. Improvements in soil quality and
performance of mycorrhizalCistus albidus L. seedlings
resulting from addition of microbially treated sugar beet
residue to a degraded semiarid Mediterranean soil. Soil
Use and Management, 19, 277-283.

Alvarez, M., Gieseke, A., Godoy, R., Haértel, S., 2006.
Surface-bound phosphatase activity in ectomycorrhizal
fungi: a comparative study between a colorimetric and a
microscope-based method. Biology and Fertility of Soils,
42, 561-568.

Alvarez, M., Godoyb, R., HeyseraW., Hartelc, S., 2005.
Anatomical-physiological determination of surface
bound phosphatase activity in ectomycorrhizae of

4287 |Page



Cherkaoui ElI Modafar et al., Role Of Phosphatase Of Ectomycorrhizal Fungi In Growth And Phosphorus
Enrichment Of Pinushalepensis Mill

Nothofagus oblique. Soil
Biochemistry,37, 125-132.

Alvarez, M., Hartel, S., Godoy,R., Heyser, W., 2003.New
perspectives on the determination of phosphatase
activity in ectomycorrhizae of Nothofagusobliqua forests
in southern Chile. Gayana Botanica, 60, 41-46.

Amijee, F., Stribley,D.P., Lane, PW. 1993.The
susceptibility of roots to infection by an
arbuscularmycorrhizal fungus in relation to age and
phosphorus supply. New Phytologist, 125, 581-586.

Anonymous, 1988.STAT-ITCF, Progranme, MICROSTA,
realized by ECOSOFT, 2nd Ver. (Institut Technique des
Cerealset des Fourrages: Paris), p.55.

Antibus, R.K., Bower, D., Dighton, J., 1997.Root surface
phosphatase activities and uptake of P32 labelled
inositol P in field collected gray birch and red maple
roots. Mycorrhiza, 7, 39-46.

Antibus, RXK., Sinsabaugh, L., Linkins, A.E,
1992.Phosphatase-activities and phosphorus uptake from
inositol P by ectomycorrhizal fungi.Canadian Journal of
Botany, 70, 794-801.

Baxter, JW., Dighton, J., 2005. Phosphorus source alters
host plant response to ectomycorrhizal diversity.
Mycorrhiza, 15, 513-523.

Belghazi, B., Ezzahiri, M., Romane, F., 2000. Productivité
de peuplements naturels de pin d’Alep (Pinus
halepensisMiller) dans la forét de Tamga (Haut Atlas,
Maroc). Agricultures, 9, 39-46.

Bernard, M., Mouyna, |., Dubreucq, G., Debeaupuis, J.P.,
Fontaine, T., Vorgias, C., Fuglsang, C., Latge, J.,
2002.Characterization of a cell wall acid phosphatase
(PhoAp) in Aspergillusfumigatus.Microbiology, 148,
2819-2829.

Blum, JD., Klaue, A., Nezat, C.A., 2002.Mycorrhizal
weathering of apatite as an important calcium source in
base-poor forest ecosystems.Nature, 41, 72-31.

Boukcim, H., Conventi,S., Mousain, D., 2002.
Ectomycorhization de Cedrusatlantica en conditions
controlées: efficacité de deux formes d’inoculum
mycélien. Annals of Forest Science,59, 839-846.

Boukcim, H.,Mousain, D., 2001. Effets de la fertilisation
phosphatée sur la mycorhization, la croissance et la
nutrition en phosphore et en azote de semis de Cedre
(CedrusatlanticaManetti) inoculés en pépiniere par
TricholomatridentinumSing. var. cedretorum Bon.
Annals of Forest Science, 58, 289-300.

Bradford, M.M., 1976. A rapid and sensitive method for the
guantification of microgram quantities of protein
utilizing the principal of protein-dye binding. Analytical
biochemistry, 72, 248-254.

Brearley, F.Q., Scholes, J.D., Press, M.C., Palfner, G., 2007.
How does light and phosphorus fertilisation affect the
growth and ectomycorrhizal community of two
contrasting dipterocarp species? Plant Ecology, 192,
237-249.

Brundrett, M.C.,2002. Coevolution of Roots and
Mycorrhizas of Land Plants. New Phytologist,154, 275-
304.

Bucking, H.Heyser, W., 2001. Microautoradiographic
localization of P and carbohydrates in mycorrhizal roots

Biology and

of Populustremula x Populusalba and the implications
for transfer processes in ectomycorrhizal associations.
Tree Physiology, 21, 101-107.

Biicking, H.,Heyser,W., 2000a. Subcellular
compartmentation of elements in nonmycorrhizal and
mycorrhizal roots of Pinussylvestris L.-an X-ray
microanalytical study. |. The distribution of P. New
Phytologist, 145, 311-320.

Biicking, H.,Heyser. W., 2000b.Subcel lular
compartmentation of elements in nonmycorrhizal and
mycorrhizal roots of Pinussylvestris L.-an X-ray
microanalytical study. IlI. The distribution of calcium,
potassium and sodium. New Phytologist, 145, 321-331.

Cairney, JW.G., Smith, S.E., 1992. Influence of intracellular
phosphorus concentration on P absorption by the
ectomycorrhizal basidiomycete Pisolithustinctorius.
Mycological Research,96, 673-676.

Casarin, V., Plassard, C., Hinsinger, P., Arvieu, J.C., 2004.
Quantification of ectomycorrhizal fungal effects on the
bioavailability and mobilization of soil P in the
rhizosphere of Pinuspinaster. New Phytologist, 163,
177-185.

Conjeaud, C., 1996. FEtude de [Iinfluence de
I’ectomycorhization sur I’utilisation du carbone par le
Pin maritime (Pinus pinaster). Interactions avec les
nutritions phosphatée et azotée, These de Doctorat,
Université de Montpellier 11, Sciences et Techniques du
Languedoc, Montpellier.

Courty, P.E., Pouysegur, R., BueeM., Garbaye, J., 2006.
Laccase and phosphatase activities of the dominant
ectomycorrhizal types in a lowland oak forest. Soil
Biology and Biochemistry, 38, 1219-1222.

Courty, P.E., Pritsch, K., Schloter, M., Hartmann, A.,
Garbaye, J., 2005. Activity profiling of ectomycorrhiza
communities in two forest soils using multiple
enzymatic tests. New Phytologist, 167, 309-319.

Cumming, JR., 1993. Growth and nutrition of
nonmycorrhizal and mycorrhizal pitch pine (Pinus
rigida) seedlings under phosphorus limitation. Tree
Physiology, 13, 173-187.

Cumming, JR., 1996. P-limitation physiology in
ectomycorrhizal pitch pine (Pinus rigida) seedlings.
Tree Physiology, 16, 977-983.

Duff, SM.G., Sarath,G., Plaxton, W.C., 1994.The role of
acid phosphatases in plant phosphorus
metabolism.PhysiologiaPlantarum,90, 791-800.

Eaton, G.K., Ayres, M.P., 2002. Plasticity and constraint in
the growth and protein  mineralization  of
ectomycorrhizal fungi under simulated nitrogen
deposition.Mycologia, 94, 921-932.

Ekblad, A., Wallander, H., Carlsson,R., Huss-Danell, K.,
1995. Fungal biomass in roots and extramatrical
mycelium in relation to macronutrients and plant
biomass of ectomycorrhizal Pinussylvestris and
Alnusincana, New Phytologist, 131, 443-451.

Finlay, R.,Soderstréom, B., 1992. Mycorrhiza and carbon
flow to the soil. In :Mycorrhizal Functioning. M.J. Allen
(ed.), Chapman and Hall, New Y ork, pp. 134-160.

Finlay, R.D., Ek, H., Odham, G., Soderstrom, B., 1988.
Mycelia uptake, trandocation and assimilation of

4288 |Page



International Journal of Recent Scientific Research Vol. 6, | ssue, 5, pp.4281-4290, June, 2015

nitrogen  from  15N-labeled = ammonium by
Pinussylvestris plants infected with four different
ectomycorrhizal fungi. New Phytologist, 110, 59-66.

Furihata, T., Suzuki,M., Sakuri, H., 1992. Kinetic
characterization of two P uptake systems with different
affinities in suspension cultured Catharanthusroseus
protoplasts. Plant and cell physiology,33, 1151-1157.

Garcia, K., Ddlteil, A., Conéjéro, G., Becquer, A., Plassard,
C., Sentenac, H., Zimmermann, S., 2014.Potassium
nutrition of ectomycorrhizal Pinuspinaster:
overexpression of the Hebelomacylindrosporum HcTrk1
transporter affects the translocation of both K(+) and
phosphorusin the host plant. New Phytologist, 201, 951-
960

Hagerberg, D., Thelin,G., Wallander, H., 2003. The
production of ectomycorrhizal mycelium in forests:
Relation between forest nutrient status and local mineral
sources. Plant and Soil,252, 279-290.

Haran, S, Logendra, S., Saskar, M., Bratanova,M., Raskin,
., 2000. Characterization of Arabidopsis acid
phosphatase promoter and regulation of acid
phosphatase expression. Plant Physiology, 124, 615-626.

Harvey, R.M., Fox, J.L., 1973. Nutrient removal using lemna
minor.Water Pollution Control Federation,45, 1928-
1938.

Hrynkiewicz, K., Baumb,C., Leinweber, P., 2009.
Mycorrhizal community structure, microbial biomass P
and phosphatase activities under Salix polaris as
influenced by nutrient availability. European Journal of
Soil Biology, 45, 168-175.

Ingleby, K., Fahmer,A., Wilson, J., 2001. Interactions
between mycorrhizal colonisation, nodulation and
growth of Calliandracal othyrsus seedlings supplied with
different concentrations of phosphorus solution.
Symbiosis, 30, 15-28.

Jouranda, P., Hannibala, L., Mgorela, C., Mengantb, S,,
Ducoussoc, M., Lebrund, M., 2014. ectomycorrhizal
Pisolithusalbus inoculation of Acacia spirorbis and
Eucalyptus globulus grown in ultramafic topsoil
enhances plant growth and mineral nutrition while limits
metal uptake. Journal of Plant Physiology, 171,164-
172.

Kimmo, K.K.,Tytti, S., 1994. Acid phosphatase activity and
phosphorus nutrition in Scots pine needles. Tree
Physiology, 15, 747-752.

Kipfer, T., Wohlgemuth, T., van der Hejden, M.G.A.,
Ghazoul, J,, Egli, S., 2012.Growth response of drought-
stressed Pinussylvestris seedlings to single and multi-
species inoculation with ectomycorrhizal fungi. PLOS
ONE 7:€35275. doi:10.1371/journal. pone. 0035275.

Kzrnaric, E., Verrbuggen, N., Webbers, JH., Carleer, R,
Vangronsveld, J.,, Colpaert, JV., 2009. Cd-tolerant
Suillusluteus: a fungal insurance to pines exposed to Cd.
Environmental Pollution, 157, 1581-1588.

Lambers, H., Mougel, C., Jaillard, B., Hinsinger, P., 2009.
Plant microbe-soil interactions in the rhizosphere: an
evolutionary perspective. Plant Soil 321,83-115.

Langenfeld-Heyser, R., Gao, J., Ducic, T., TachdPh, L.C.F.,
Fritz, E., Géfur, A, Polle, A,
2007.Paxillusinvolutusmycorrhiza attenuate NaCl-stress

responses in the salt-sensitive hybrid poplar Populus x
canescens. Mycorrhiza, 17, 121-131.

Lindahl, B., Andy Taylor, F.S., Finlay, R., 2002. Defining
nutritional constraints on carbon cycling in boreal
forests-towards a less ‘phytocentric’ perspective. Plant
and Soail, 242, 123-135.

Lunt, P.H., Hedger, J.N., 2003. Effects of organic enrichment
of mine spoil on growth and nutrient uptake in oak
seedlings inoculated with selected ectomycorrhizal
fungi. Restoration Ecology, 11, 125-130.

Luo, Z.B., Li, K., Gaic, Y., Gobd, C., Wildhagen, H., Jiang,
X., Feuldner, |., Rennenberg, H., Polle, A., 2011. The
ectomycorrhizal fungus (Paxillusinvolutus) modulates
leaf physiology of poplar towards improved salt
tolerance. Environmental and Experimental
Botany,72:304-311

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

Marschner, P., 2012. Mineral nutrition of higher plants.
London, UK: Academic Press Limited W.C.

Marx, D.H., Bryan, 1975. Growth and ectomycorrhizal
development of loblolly pine seedlings in fumigated soil
infested with the fungal symbiont Pisolithustinctorius.
Forest Science, 21, 245-254.

McElhinney, C., Mitchell, D.T., 1993. Phosphatase activity
of four ectomycorrhizal fungi found in a Sitka spruce-
Japanese larch plantation in Irland. Mycological
Research, 67, 725-732.

Mousain, D., Matumoto-Pintro,P.T., Quiquampoix, H.,
1997.Le rOle des mycorhizes dans la nutrition
phosphatée des arbres forestiers. Revue Forestiére
Francaise, 49, 67-81.

Nehls, U., Bock, A., Einig,W., Hampp, R., 2001.Excretion of
two proteases by the ectomycorrhizal fungus Amanita
muscaria. Plant Cell and Environment, 24, 741-747.

Nezzar-Hocine, H., 1998. Associations mycorhiziennes
naturelles de Cedrusatlantica dans le massif de
Djurdjura (Algérie) et mycorhization controlée, These de
Doctorat, Université Blaise Pascal, Clermont-Ferrand,
479 p.

Norkrans, B., 1949. Some mycorrhiza-forming Tricholoma
Species. Svensk Bot. Tidskr, 43, 485-490.

Nygren, C.M.R., Roding, A.,2009. Localisation of
phosphomonoesterase activity in ectomycorrhizal fungi
grown on different phosphorus sources. Mycorrhiza, 19,
197-204.

Oihabi, A., 1991. Etude de I’influence des endomycorhizes a
vésicules et arbuscules sur le Bayoud et la nutrition du
palmier dattier. Doctorat d’Etat, faculté des Sciences
Semlalia, Marrakech.

Oihabi, A., AjmiL., Abbas, Y., 1998. Diversity of
mushrooms in the southern forestes of Morocco.Second
International conference on Mycorrhizae (ICOM 1),
Uppsala, 05-10 July 1998.345 p.

Ouahmane, L., Revel, J.C., Hafidi, M., Thioulouse, J., Prin,
Y., Gaiana, A., Dreyfus, B., Duponnois, R.,2009.
Responses of Pinushalepensis Growth, Soil Microbial
Catabolic  Functions and Phosphate-Solubilizing
Bacteria after Rock Phosphate Amendment and
Ectomycorrhizal Inoculation. Plant and Soil,320, 169-
79.

4289 |Page



Cherkaoui ElI Modafar et al., Role Of Phosphatase Of Ectomycorrhizal Fungi In Growth And Phosphorus
Enrichment Of Pinushalepensis Mill

Pasqualini, S., PanaraF., Antonieli, M., 1992.Acid
phosphatase activity in Pinuspinea-Tuber albidum
ectomycorrhizal ~ association.Canadian Journal  of
Botany,70, 1377-1383.

Pérez-de-Mora, A., Reuter, B., Lucio, M., Ahne, A,
Schloter, M., Pritsch, K., 2013. Activity of native
hydrolytic enzymes and their association with the cell
wall of three ectomycorrhizal fungi. Mycorrhiza, 23,
185-197

Perkin-Elmer, 1966.Anaytical Methods for Atomic
Absorption Spectrophotometer, Perkin-Elmer Corp.,
Norwalk, Conn.

Persson, T., Van Oene, H., Harrison, A.F., Karlsson, P.,
Bauer, G., Cerny, J.,, Colteaux, M.M., Dambrine, E.,
Hogberg, P., Kjdller, A., Matteucci, G., Rudebeck, A.,
Schulze,E.D., Paces, T., 2000. Experimental sites in the
NIPHY S/ICANIF project. In: Carbon and Nitrogen
Cycling in European forest ecosystems. E.D. Schulze.
(Ed.), Ecological Studies Series, 142, 14-46.

Pritsch, K., Garbaye, J., 2011.Enzyme secretion by
ectomycorrhizal fungi and exploitation of mineral
nutrients from soil organic matter. Annals of forest
science,68, 25-33.

Read, D.J., Perez-Moreno, J., 2003. Mycorrhizas and nutrient
cycling in ecosystems - a journey towards relevance.
New Phytologist, 157, 475-492.

Rincon, A., de Felipe, M.R., Fernandez-Pascual, M.,
2007.Inoculation of Pinushalepensis Mill. With selected
ectomycorrhizal fungi improves seedling establishment
2 years after planting in a degraded gypsum soil.
Mycorrhiza, 18, 23-32

Rodier, K.R., 1984. L’analyse de I’eau, eaux naturelles, eaux
résiduaires, eau de mer. 7éme édition. Dunod. p.1365.

Rosling, A.,Rosenstock, N., 2008. ectomycorrhizal fungi in
mineral soil. Mineralogical Magazine, 72, 127-130.

Shimogawara, K.,Usada, H., 1995. Uptake of inorganic P by
suspension-cultured  tobacco cells:  kinetics and
regulation by Pi starvation. Plant and cell physiology,
36, 341-351.

Sinsabaugh, R.L., Moorhead, D.L., 1994. Resource
allocation to extracellular enzyme production a model
for nitrogen and phosphorus control of litter
decomposition.oil Biology and Biochemistry,26, 1305-
1311.

How to citethisarticle:

Smith, S.E., Read, D.J.,, 2008.Mycorrhizal symbiosis, 3rd
edn. Academic Press, London

Sousa NR, Franco AR, Ramos MA, Oliveira RS, Castro
PML (2011) Reforestation of burned stands: the effect of
ectomycorrhizal fungi on Pinuspinaster establishment.
oil Biology and Biochemistry, 43, 2115-2120.

Straker, C.J., Mitchdl, D.T., 1986.The activity and
characterization of acid phosphatases in
endomycorrhizal fungi of the Ericaceae.New
Phytologist, 104, 243-256.

Syvertsen, J.P., Graham, J.H., 1999. Phosphorus supply and
arbuscular mycorrhizas increase growth and net gas
exchange responses of two citrus spp. Grown at elevated
(CO2). Plant soil, 208, 209-219.

Talbot, JM., Allison, S.D., Treseder,KK., 2008.
Decomposers in disguise: mycorrhizal fungi as
regulators of soil C dynamics in ecosystems under
global change. Functional Ecology,22, 955-963.

Tatry, M.V., El Kassis, E., Lambilliotte, R.,Corratge, C., van
Aarle, I., Amenc, L.K., Alary, R., Zimmermann, S,
Sentenac,H., Plassard, C., 2009. Two differentially
regulated P transporters from the symbiotic fungus
Hebelomacylindrosporum and phosphorus acquisition
by ectomycorrhizal Pinuspinaster. The Plant Journal,
57, 1092-1102.

Tibbett, M., Sanders, F.E., 2002. Ectomycorrhizal symbiosis
can enhance plant nutrition through improved access to
discrete organic nutrient patches of high resource
quality. Annals of Botany,89, 783-789.

Turjaman, M., Tamai,Y., Segah, H., 2006.Increase in early
growth and nutrient uptake of Shoreaseminis seedlings
inoculated with two ectomycorrhizal fungi. Journal of
Tropical Forest Science, 18, 243-249.

Wallander, H., 2000a. Uptake of P from apatite by
Pinussylvestris seedlings colonised by different
ectomycorrhizal fungi. Plant Soil, 218, 249-256.

Wallander, H., 2000b. Use of strontium isotopes and folar K
content to estimate weathering of biotite induced by pine
seedlings colonised by ectomycorrhizal fungi from two
different soils. Plant Soil, 222, 215-229.

Worchel, E.R., Glauque, H.E., Kivlin S.N., 2013. Fungal
symbionts ater plant drought response. Microbial
ecology,65, 671-678.

Cherkaoui El Modafar et al., Role Of Phosphatase Of Ectomycorrhizal Fungi In Growth And Phosphorus Enrichment Of
Pinushalepensis Mill. International Journal of Recent Scientific Research Vol. 6, Issue, 5, pp.4281-4290, June, 2015

kkkkkk*k

4290 |Page



