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This studywas carried out to assess the responseof young corkoakplants inoculatedbynine fungal isolates (Russul

sp. Lactar controversus, Amanita pantherina, Cortinarius sp., Hebeloma sp., Boletus sp., Lactarius volemus, Inocybe

sp. and Scleroderma sp.) to water de􀅫icit. Acorns were used as plant material. They were provided from canton

"A" of the Maamora forest, harvested in Decem ber, and soaked in water for 24 hours before planting. As fungal

material, 9 species of ectomycorrhizal fungi (Russula sp., Lactarius volemus, Lactarius controversus, Inocybe sp.,

Scleroderma sp., Amanita pantherina, Cortinarius sp., Hebe loma sp., Boletus sp) have been used for the prepa-

ration of the inocula. The results showed that controlled mycorrhization signi􀅫icantly improves plants tolerance

to drought stress. Boletus sp. was the most ef􀅫icient isolate that procured to cork oak seedlings a better stomat-

acal conductance, root and shoot dry weight, and chlorophyll content. Also, the leaf water potential, proline, and

anthocyanin accumulation were lower in seedlings with Boletus inoculation. After the drought stress stage, cork

oak plants have been rehydrated, and again, Boletus sp. produced a mean recovery of 60%while it was only 1% in

plant control. These data clearly show that the inoculation of cork oak plants with ectomycorrhizal isolates, such

as Boletus sp. could be a very interesting pathway in the sandy soils of Maamora and subsequently in determining

the success of its regeneration programs.

© 2018 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Seasonal drought is an important limiting factor for photo-

synthesis and growth of Mediterranean trees and shrubs.

Throughout its geographic range, cork oak is a species suf-

fering from frequent periods ofwater de􀅫icit during the crit-

ical 􀅫irst growing season which constitute a crucial step to

achieve seedling survival in afforestation and restoration

projects through the Mediterranean area [1, 2]. The effects

of water stress on cork oak plants are numerous. They

vary according to the severity and duration of the stress,

the stage of development and the genotype [3, 4]. Symp-

toms of water stress in cork oak include both morphologi-

cal changes: loss of leaves, drying branches, a reduction in

growth in diameter and height that affects other develop-

mental processes, as 􀅫lowering, fruiting and reproduction

[5], and physiological changes, an in􀅫luence at the cellular

level which affects membrane formation and cell division

processes; inhibited enzymatic activity andmodi􀅫ications of

the biochemical metabolism [6]. Overall, the growth of the

cork oak under limiting water supply conditions is strongly

disturbed [7]. Alternately, to deal with this problem as

shown by many experiments, the use of ectomycorrhizal

fungi associated with plants can enhance water use of soil

when its availability is reduced [8]. Themyceliumnetworks

canplay a crucial role in the absorption and transport ofwa-

ter, especially under drought condition [9, 10]. This allows
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reducing damages caused by soil shrinking and cracking on

roots [8]. In addition, mycorrhizal fungi can improve min-

eral nutrition and modify the osmotic adjustment in host

tree cells resulting from the accumulation of minerals and

organic acid [11]. To date, only few studies have beenmade

on the effect of mycorrhizal fungi on oak physiology. The

majority of the experiments that have been conducted, used

the Pisolithus genus fungi, which is widespread in warm

temperate regions around the world and frequently found

in cork oak woodland [8]. The adaptation of Pisolithus to

soil stresses led to consider it as a candidate for studying

the role of mycorrhizae in promoting drought tolerance in

cork oak. However many other fungi are well adapted to

environmental stresses and are encountered in cork oak

ecosystems with marked water de􀅫icit. This is the case of

the Maamora forest in Morocco, considered as the largest

cork oak stand with a sandy substratum. This study was

carried out to assess the response of young Quercus suber

plants to the combined effect of controlled mycorrhization

by using nine fungi isolates: Russula sp. Lactarius contro-

versus, Amanita pantherina, Cortinarius sp., Hebeloma sp.,

Boletus sp., Lactarius volemus, Inocybe sp., Scleroderma sp

and a drought stress caused by watering down. The over-

all goal is to further improve the quality of seedlings grown

in forest nurseries to cope with the planting environment

conditions where the lack of water arises more acutely.

II. MATERIAL ANDMETHODS

A. Plant Material, Ectomycorrhizal Fungi and Culture

Conditions

Acorns were used as plant material. They were provided

from canton "A" of theMaamora forest, harvested in Decem-

ber and soaked in water for 24 hours before planting. As

fungal material, 9 species of ectomycorrhizal fungi (Russula

sp., Lactarius volemus, Lactarius controversus, Inocybe sp.,

Scleroderma sp., Amanita pantherina, Cortinarius sp., Hebe-

loma sp., Boletus sp) have been used for the preparation of

the inocula. The culture substrate is composed of 100% of

sterile mud from theMaamora forest inoculated with about

300 g of crushed carpophore from 9 species of mycorrhizal

fungi selected from the Cork oak forest soil, using a sieve

of 0.5 mm diameter while changing gloves and sieving ev-

ery time the inoculant species are changed. The selected

acorns were sown in racks by tilting them onto the culture

substrate of about 2 cm in alveolar plates with a 500 cc vol-

ume, 15-cm depth and a 7-cm diameter.

B. Experimental Design

Wateringwas applied 3 to 4 times aweek, andweedingwas

practiced to avoid any competition between the cork oak

and weeds. A complete irrigation stop carried out the ap-

plication of the stress after 6 months of culture and applied

for four weeks.

C. Plant Biomass

Plants were uprooted after the application of the two dif-

ferent water treatments and roots were rinsed with water

to eliminate soil particles. For each plant, shoot and length,

shoot basal diameter, and total leaf number were recorded.

FreshWeight (FW) of the roots and leaves was recorded di-

rectly after excision from the plants. For Dry Weight (DW)

determination, a subset of leaves and roots from each plant

were dried in an oven at 720C for 72 h.

D. Plant Water Status

The water potential allows the diagnosis of the water sta-

tus of a plant. Leaf water potential measurements were

taken using a "Scholander pressure chamber". The pres-

sure chamber is a closed enclosure for exerting pressure on

a plant organ in order to know the pressure of the sap in the

vessels of the xylem. Leaf water content was measured by

placing the top of the leaf inside a portable “porometre”.

E. Stomatal Conductance

Using the “Decagon porometer forceps” leaf stomatal con-

ductance and leaf temperature measurement was done.

The Porometer measures the stomatic conductance of the

leaves using the equilibrium state technique. The steady

state techniquemeasures the steampressure and the steam

􀅫lux of a leaf surface.

F. Chlorophyll Measurement

About 100 mg of fresh leaves were added to 10 ml of solu-

tion prepared from 25% ethanol and 75% acetone and then

stored at 300C in the dark for 48 hours. Then, the optical

density of the mixture was measured at two wavelengths:

663 nm and 645 nm for chlorophyll a and b respectively.

The chlorophyll pigment concentrations are expressed in

mg.g-1.FW according to the following formulas:

Chl a: 12.3 DO (663)–0.86 DO (645)/10

Chl b: 9.3 DO (645)–3.6DO (663)/10.

G. Proline Content

For determination of free proline content, leaf samples

were collected during non-stressed state and during severe

stress. Proline content was assessed colorimetrically, using
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the protocol of [12] and modi􀅫ied by [13]. 100 mg of plant

material were taken and introduced into a test tube supple-

mented with 2 ml of 40%methanol. The whole was heated

for 1 hour at 850C in a water bath.

1 ml of extraction solution was removed, then adding to it

1 ml of acetic acid, 25 mg of ninhydrin and 1 ml of a so-

lution containing 12 ml of distilled water, 80 ml of ortho-

phosphoric acid and 30 ml of acetic acid.

After 30 minutes of boiling, 5 ml of toluene was added fol-

lowed by stirring. The upper phase was then recovered and

dehydrated by the addition of anhydrous sodium sulphate.

The optical density is then determined at a wave length of

528 nm. The results obtained are reported on the calibra-

tion curve: the standard range is obtained by means of a

mixtureof acetic acid, ninhydrin andortho-phosphoric acid.

H. Anthocyanin Content

Samples of leaves stored at (-800C) were ground using liq-

uid nitrogen. 15 mg of grounded leaves were added to 1.5

ml of extraction solution (18% Propanol, 1% HCL and 81%

H2O) and incubated at 90
0C for 3minutes. The supernatant

was then recovered after a centrifugation of 2 minutes at

10000 rpm. A spectrometric assay was then carried out at

two wavelengths: 535 nm and 650 nm. The anthocyanin

content was then expressed in absorbance (A535-A 650)

per mg of fresh material.

I. Resumption of Seedlings after a Period of Water

Stress

At the end of the experiment and in order tomeasure the re-

covery of the Quercus suber plants a daily irrigation of the

plants was done.

J. Statistical Analysis

1) ANOVA variance analysis: Thedatawere analysed using

the "SPSS version 24" software. According to the main ob-

jective of this study, an analysis of variance was made with

"ANOVA two Way" in addition to the Newman and Keuls

tests with a threshold of signi􀅫icance set at 0.05.

2) Multivariate analysis: An additional analysis with the

softwareR allowed the realization of a Principal Component

Analysis (PCA).

III. RESULTS

After 6 months of culture, all cork oak plants were mycor-

rhized but the mycorrhization rate varies according to the

mycorrhizal isolates (Table 1). Fungi with high root col-

onization are both "Boletus sp." and "Amanita pantherina"

with 40% and 39%, respectively.

TABLE 1

MYCORRHIZATION RATE OF Q. SUBER PLANTS UNDER NORMALWATER CONDITIONS

Russula sp. 30 %

Lactarius controversus 35%

Amanita pantherina 40%

Cortinarius sp. 29%

Hebeloma sp. 33%

Boletus sp. 39%

Lactarius volemus 36%

Inocybe sp. 28%

Scleroderma sp. 32%

A. Morphological Response to Drought Stress

1) Plant height: The average height of the cork oak plants

(Figure 1) varies according to the hydric status and the ap-

plied fungi treatment reaching a height between 14.98 cm

and 20.5 cm.

According to the S-N-K (Student-Newman-Keuls) test, there

were no signi􀅫icant differences between the stressed, and

the non-stressed plants inoculated or no by themycorrhizal

fungi.

2) Collar diameter: Statistical analysis showed that the

water de􀅫icit seems to have no effect on the collar diame-

ter of the cork oak plants. No difference was noted between

fungi treatment and control (Figure 2).

3) Leaves number: A signi􀅫icant difference in the number

of leaves (Figure 3) was observed between young cork oak

plants under different water and fungi treatments. Non-

stressed plants were able to reach a foliar number of 23.4

under normal conditions, while stressed plants did not

reach more than 17 leaves.

Non-stressed plants inoculated by Russula sp. and Sclero-

derma sp. and stressed inoculated plants by Lactarius con-

troversus a represents the best results with a number of

leaves included between 23 and 24.
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Fig. 1. Average height of cork oak plants inoculated or not with 9 different

isolates in normal condition or stress condition. Means followed by

different letters have signi􀅫icant differences at the level of p < 0.05

Fig. 2. Collar diameter of cork oak plants inoculated or not with 9 different

isolates in normal condition or stress condition. Means followed by

different letters have signi􀅫icant differences at the level of p < 0.05.

Fig. 3. Leaf number of cork oak plants inoculated or not with 9 different

isolates in normal condition or stress condition. Means followed by

different letters have signi􀅫icant differences at the level of p < 0.05
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B. Plants Biomass

1) Root development: Signi􀅫icant differences in dry root

weight between stressed, non-stressed, inoculated and

non-inoculated plants were observed.

The control plants had fairly similar dry weight values un-

der both situations, with a dryweight of 9.1 g in normal con-

dition and a dry weight of 8.53 g in stressed condition.

The maximum values resulting in a higher dry root weight

are observed in plants inoculated with the fungi treatment

Boletus sp. under water de􀅫icient conditions but also in nor-

mal water condition with respective values of 16.4 g and

12.61 g, followed by plants inoculated with Amanita pan-

therina and under these conditions of water stress with a

dry root weight of 12.46 g.

The lowest values resulting in a low dry root weight were

observed in the stressed control plants and the plants inoc-

ulated with Lactarius volemus under stress conditions with

respective values of 8.53g and 9.69g.

TABLE 2

ROOTS DRYWEIGHT OF CORK OAK PLANTS

Roots Dry Weight

Drought Stressed Well Watered

Treatment Av St.de Av St.de

Russula 11.57 c 0.06 10.28 ef 0,26

Lactarius controversus 10.2 efg 0.17 9.03 i 0.058

Amanita pantherina 12.46b 0.45 9.73 gh 0.20

Cortinarius sp. 10.65 de 0.08 10.16 efg 0.06

Hebeloma sp. 10.79 d 0.08 10.31 ef 0.01

Boletus sp. 16.4 a 0.43 12.61 b 0.023

Lactarius volemus 9.69 gh 0.20 9.26 hi 0.25

Inocybe sp. 10.09fg 0.09 9.65 gh 0.15

Scleroderma sp. 11.33 c 0.49 9.65 gh 0.15

Control 8.53 j 0.05 9.1 i 0.17

2) Shoot development: Signi􀅫icant differences in shoot dry

weight between stressed, unstressed, inoculated and non-

inoculated plants are observed.

The best results are observed in inoculated non-stressed

plants. Maximum aerial dry weight values are recorded in

plants inoculated with Boletus sp., even in conditions of wa-

ter de􀅫icit with an aerial dry weight of 14.36 g compared

with only 15.53 in normal water condition.

The lowest values were observed in the control (non-

inoculated) plants under normal and stress conditions with

values of 9.41 g and 7.65 g respectively.

TABLE 3

ROOTS DRYWEIGHT OF CORK OAK PLANTS

Roots Dry Weight

Drought Stressed Well Watered

TTT Av St.de Av St.de

Russula 12.5 e 0.1 13.6d 0.15

Lactarius controversus 11.52 f 0.20 12.54 e 0.13

Amanita pantherina 13.41d 0.38 14.6 bc 0.1

Cortinarius sp. 12.41 e 0.16 14.85 b 0.14

Hebeloma sp. 12.26e 0.37 14.58 bc 0.07

Boletus sp. 14.36bc 0.23 15.53 a 0.47

Lactariusvolemus 12.33e 0.15 14.79 b 0.16

Inocybe sp. 11.63 f 0.05 14.59bc 0.16

Scleroderma sp. 10.93 g 0.12 14.14 c 0.12

Control 7.65 i 0.05 9.41 h 0.10
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C. Physiological and Biochemical Response to Drought

Stress

1) Plants water status : 1.1) Relative humidity: Signi􀅫-

icant differences in relative humidity between stressed,

non-stressed, inoculated and non-inoculated plants are ob-

served. The non-mycorrhized plants showed a low relative

humidity percentage that did not exceed34%under normal

water conditions and drought stress situations.

An improvementdue to the fungi treatment is noted. The in-

oculated and non-stressed plants had a higher relative hu-

midity, between 61.3% and 53%. The stressed and inocu-

lated plants by the fungi Amanita pantherina were able to

maintain a percentage of relative humidity of 58.96%; equal

to the non-stressed plants. The plants inoculated with the

fungi Boletus sp.were also able tomaintain a higher relative

humidity with a value of 44%, higher than that of the young

cork oak plants under normal conditions.

The fungi treatmentLactarius volemus remains theweakest

since the relative humidity of plants stressed and inoculated

by this fungus did not exceed 26.3%.

Fig. 4. Relative humidity of cork oak plants inoculated or not with

9 different isolates in normal condition or stress condition.

Means followed by different letters have signi􀅫icant differ-

ences at the level of p < 0.05

1.2) Water potential: Signi􀅫icant differences in water po-

tential between stressed, non-stressed, mycorrhized and

non-mycorrhized plants are observed. Control plants (non-

inoculated) have the higher water potential values under

both conditions; stressed and non-stressed with -74 bar

and -20,33 bar respectively. In the non-stressed condition,

the fungi treatment that allowed obtaining the lower water

potential is Cortinarius sp. with -10 bar value, whereas with

the "Amanita" fungi, the highest value is shown reaching -26

bar. Under stress conditions, high water potential values

are observed in plants inoculated with the fungi Inocybe sp.

with -53.66 bar, while the minimum values are obtained by

inoculating theplantswith the fungiBoletus sp.with -28bar.

Fig. 5. Water potential of cork oak plants inoculated or not with

9 different isolates in normal condition or stress condition.

Means followed by different letters have signi􀅫icant differ-

ences at the level of p < 0.05.
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2) Chlorophyll: Signi􀅫icant differences in chlorophyll con-

tent in all characters were observed.

The non-mycorrhized well-watered plants and non-

mycorrhized under drought stress plants showed the low-

est values of chlorophyll contentwith only a 3.45mg.g-1FW.

Formycorrhized andnon-stressedplants, their total chloro-

phyll content differed from one fungal treatment to an-

other; the highest numbers are observed in plants inoc-

ulated with the fungi Russul with a chlorophyll content of

23.45mg.g-1FW,whereas theminimumvalues are observed

in plants inoculated with the fungi Lactarius controversus

with a value of chlorophyll content of 15.81mg.g-1FW. For

plants under drought stress, the highest chlorophyll content

is shown in plants inoculated with the fungi "Boletus" with

a value of 21.53 mg.-1MF, thus giving it higher chlorophyll

content than the majority of non-stressed andmycorrhized

plants. Plants inoculated with the fungi Hebeloma had the

lowest value of chlorophyll content with only 6 mg.-1 MF.

The total chlorophyll content, in normal water conditions,

is increased by the mycorrhiza presence. Thus in drought

stress conditions themycorrhizationhas an important com-

pensating effect.

The fungi Russul offers the best treatment for non-

stressed plants with a value of chlorophyll content of

23.45mg.g.-1MF compared to control non-stressed and

non-inoculated plants which had only 17.26mg.g.-1MF. Un-

der the effect of drought, a decrease in total chlorophyll

content is noticed; this decrease can be related to enzy-

matic degradation of chlorophyll due to stomatal closure

and low water availability.

The fungi Boletus was the best treatment for drought

stressed plants with a value of chlorophyll content of 21.53

mg.g.-1MF, a higher value than both: the plants under nor-

mal water conditions with only 21.53 mg.g.1MF of chloro-

phyll and the control drought stressed plants with only a

chlorophyll content value of 3.45 mg.g.-1MF.

Fig. 6. Total chlorophyll of cork oak plants inoculated or not with

9 different isolates in normal condition or stress condition.

Means followed by different letters have signi􀅫icant differ-

ences at the level of p < 0.05.

3) Stomatal conductance: Stomatal conductance is con-

sidered an indicator of foliar transpiration rate, and a pa-

rameter of the plant water status. A signi􀅫icant difference

of stomatal conductance is observed in cork oak plants un-

der different water and fungi treatments. Non-stressed

plants showed the maximum values of stomatal conduc-

tance; while the drought stressed plants have the minimum

ones. For the non-mycorrhized control plants, two values

are displayed: 125.3 mmol.m- .s-1 for watered plants and

62.2 mmol.m- .s-1 for plants under drought stress. In the

drought stressed plants mycorrhized by the fungi Boletus

sp., the effect of water stress was not very marked since

the stomatal conductance is 125.5 mmol.m-.s-1 almost

identical to that of a non-stressed and non-mycorrhized

plant which is 125.3 mmol/ml, while for watered non-

mycorrhized plants treatment, the stomatal conductance is

only 62.2 mmol/ml. The fungal genus Volumus gave us the

lowest value of 36.75 mmol/ml in water de􀅫icit.
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Fig. 7. TStomatal conductance of cork oak plants inoculated or not

with 9 different isolates in normal condition or stress con-

dition. Means followed by different letters have signi􀅫icant

differences at the level of p < 0.05

4) Proline: Signi􀅫icant differences in proline content

between stressed, non-stressed, inoculated and non-

inoculated plants were observed. The non-inoculated con-

trol plants have a proline content value of 1 μmol mg MF in

normal water condition and a value of 1.71 μmol/mg MF in

drought stress condition.The plants producing the lowest

content of proline are thosemycorrhized by fungi Boletus in

both watering treatments: stressed and non-stressed with

respective values of 0.95 μmol/mg MF and 0.71 μmol/Mg

MF. The plants with a relatively high proline content are

those mycorrhized by the fungi Cortinarius sp. and Hebe-

loma sp. under drought conditions with respective values

of 2.49 μmol/mg MF and 2.4 μmol/mg MF, and for normal

watering conditions with respective values of 2.1 μmol/mg

MF and 1.93 μmol/mg MF.

Fig. 8. Proline of cork oak plants inoculated or not with 9 different

isolates in normal condition or stress condition. Means fol-

lowed by different letters have signi􀅫icant differences at the

level of p < 0.05.

5) Anthocyanin: Signi􀅫icant differences in anthocyanin

content between stressed, non-stressed, mycorrhized and

non-mycorrhized plants are observed. For the non-

inoculated control plants, an accumulation of 7.33 mg/1 in

normal water condition and 67.33 mg/1 in stressed condi-

tion is showed. The best results with low anthocyanin ac-

cumulation were observed in plants mycorrhized by fungi

Boletus sp. under normal conditions with a content value

of 7.23 mg/1 and under drought stressed conditions with a

content value of 35.33 mg/1.Strong accumulation of antho-

cyanin was noticed in control plants non-mycorrhized un-

der drought condition with a content value of 67.33 mg/1.
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Fig. 9. Anthocyanins of cork oak plants inoculated or not with 9 dif-

ferent isolates innormal conditionor stress condition. Means

followed by different letters have signi􀅫icant differences at

the level of p < 0.05

D. The Global Effect of Mycorrhization and Drought

Stress on Cork Oak Plants

The most important factors accounting for Dim 2 (mycor-

rhized plants) are water potential and Proline. Their effects

are in the opposite direction. “Nombre de feuilles” (Leaves

number), “diameter au collet” (Collar diameter) and “hau-

teur” (Height) are not affected bywater treatment or fungal

treatment. “Poids sec” (Dry root) has an intermediate value

in both treatment conditions. Many factors contribute to

Dim1 (non-mycorrhized plants), including “Humd rel”(rel-

ative humidity) “poids sec aerien”(Dry shoot), Chlorophyll

and “Cond stom”(stomatal conductance).

Fig. 10. Complex example by groups (str: drought stressed plants, nnstre:

non drought stressed plants) and variables (Dim2: Mycorrhized

plants, Dim1: Non-mycorrhized plants) by their contributions to

the principal components

E. Quercus Suber Plants Recovery after Drought Stress

Period

After the drought stress period, a recovery of the plants

following rewatering was observed; this recovery is in􀅫lu-

encedby the fungal inoculation, since in the absence of fungi

treatment "Control plants" only 1% of the plants had taken

back their normal activities versus 10% to 60% for mycor-

rhized plants.

The better percentage of recovery was observed in plants

inoculated with Boletus sp. This fungus treatment ensured

better plants recovery with 60% value while Scleroderma

sp. and Inocybe sp. were the less effective treatments with

only 10% of recovered plants.
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Russula sp. 34 %

Lactarius controversus 23 %

Amanita pantherina 25%

Cortinarius sp. 20 %

Hebeloma sp. 30 %

Boletus sp. 60 %

Lactarius volemus 22 %

Inocybe sp. 10 %

Scleroderma sp. 10 %

Control 1%

IV. DISCUSSION

A. Mycorrhization of Quercus Suber Plants

The noticed differences in Quercus Suber inoculation may

be re􀅫lected in the presence or absence of factors favouring

the development of mycorrhizal fungi [14] Depending on

the mycorrhizal species, some changes in cultivation prac-

tices such as crop support, soil conditions, phytosanitary

treatment and fertilization are required.

During inoculation, good colonization results depend in

particular on the quality of the mycorrhizal inoculum used

and the dose of inoculumused in order to guarantee themy-

corhization of plants [9, 15].

B. Morphological Response to Drought Stress

In terms of height growth and the collar diameter of cork

oak, the non-signi􀅫icant differences can be due to the young

age of the plants that do not exceed six months but also

to the short period of the stress application. The same re-

sults were observed one month including both the study

of the in􀅫luence of mycorrhization and the soil type on the

growth of Impatiens balsamina plants, where the absence

of signi􀅫icant difference related to the presence of mycor-

rhizae was observed, the differences were only due to the

type of soil [9, 16]. Also, in another study, on beech plants,

non-signi􀅫icant differences of height due to mycorrhization

[17] and non-signi􀅫icant differences in collar diameter be-

tween mycorrhizal and non-mycorrhizal plants were ob-

tained [18]. The small differences in leaves number can be

due to the short period of the stress application, which is

only four weeks, and the repercussion has not yet been able

to be shown on the morphological characters [18].

C. Plants Biomass (Root and Shoot)

All plants under stress and no matter what the ectomyc-

orrhizal fungus used completed a fairly extensive root de-

velopment, which was con􀅫irmed by Smith and Read in

2010 [19] and suggests that ectomycorrhizal plants gener-

ally have a root system showing, a dry mass higher than

that of the roots of non-mycorrhizal plants because the root

represents the organ concretizing the association between

a host plant and a mycorrhizal fungus. Thus mycelium oc-

cupying the root lives in an environment balanced by the

homeostasis of the plant. Moreover, according to the bib-

liography, several works con􀅫irm that cork oak is a tree

which, from its young age, is more involved in deep root-

ing in search of water indispensable for its growth, a fact

con􀅫irmed during this in which the dry root weight of in-

oculated stressed plants far exceeds the dry root weight of

the inoculated, non stressed plants when the dry weight of

the plants is taken after stress. The fungus Boletus yielded

the best result with a value of 16 g, a result in perfect con-

cordance with that in which inoculation by "Boletus edulis"

researchers resulted in a higher root activity than that of the

control [20].

For the shoots, in mycorrhizal conditions, mycorrhization

may cause a reduction in growth [18, 21]. It has also been

demonstrated that a latency period allowing an inoculated

fungus to settle can reduce the initial growth gain of the host

relative to non-inoculated ones.

D. Physiological and Biochemical Response to Drought

Stress

1) Plants water status (water potential, relative humidity):

For relative humidity, the ectomycorrhizal fungus could

potentially facilitate water supply. Several studies have

shown that mycorrhization can increase host resistance to

drought stress and improve by improving his mineral nu-

trition [22, 23]. The water potential of a plant is consid-

ered as an important physiological parameter to describe

the water transfer and the hydraulic conductivity of the

"soil-plant" system, thus re􀅫lecting the ratio of the 􀅫lux 􀅫low-

ing through the plant; it is therefore an overall measure of

the ef􀅫iciency of the conductive system formed by the struc-

ture "soil-mycelium-mantle-root-conductive tissues of the
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plant". From the literature, the cork oak has several mech-

anisms for adjusting its water potential, despite the change

in external conditions [9, 19].

Ectomycorrhizal fungi are intimately associated with plant

tissues at the roots, contributing indirectly to this regula-

tion by modifying the mineral uptake of the tree or its hor-

monal balance [19]. The presence of a fungal mantle with

absorbent roots protects the root system from drying out,

either by slowing down the diffusion of the water coming

out of the mycorrhiza (this being in agreement with the

stronger hydraulic resistance mentioned above) or by con-

stituting a reserve of water [24].

Another characteristic of ectomycorrhizae that in􀅫luences

their contribution to tree water supply are two closely re-

lated characteristics according to [25]: the ability to survive

and the ability to infect roots even in drought conditions.

However, the symbiosis does not decrease the resistance to

water transfer to the tree, but increases it.

2) Chlorophyll: Mekkaoui, with a study on the effect of

drought stress combined to the use of arbuscular mycor-

rhization on the plum tree in 2015 [26], the changes in the

biochemical behaviour of the treewere noticed. The chloro-

phyll content in plants under drought stress and mycor-

rhizedwas higher than the nonmycorrhized ones. The gain

for the host is not mandatory since 20%, according to [27],

of the production of photosynthesis products are used to

preserve and maintain the symbiosis.

For example, [28] found that seedlings colonized by Rhizo-

pogon vinicolor AH Smith showed higher chlorophyll and

photosynthesis contents and a higher biomass production

than the non-mycorrhized seedlings.

3) Stomatal conductance: The fungi inoculum, and in-

dependently of water nutrition conditions, can in􀅫luence

stomatal conductance [22, 23]. Research of Dosskey et al.

In 1991 con􀅫irms this; during a drying cycle; they interpret

the observed phenomena in the absence of nutritional ef-

fects and direct effect of the fungi on water absorption and

stomatal conductance by a correlation with the proportion

of the 􀅫ixed carbon that is exported to the fungi [29]. Excess

carbon demand by the fungi stimulates photosynthesis and

therefore the stomata respond by opening, independently

of stomatal regulation due to drought stress [30].

4) Proline: When drought stress is applied, the increase

in proline content is directly observed, which has been

demonstrated by several studies on many species. It ap-

pears that during periods of stress, proline can give plants

a tolerance to drought by setting up an antioxidant system

that would have the role of indicating a cellular osmotic ad-

justment [31, 32]. This could be explained by an accentua-

tion of biochemical signals during a drought stress by myc-

orrhizal hyphae. For plants mycorrhized by the fungi Bo-

letus, a decrease in the proline content values is noticed,

probably due to the main role of the fungus of roviding all

necessary elements to the plant so it wont feel being on

a drought situation and not obliged to accumulate a large

amount of proline, this is explained, according to Garbaye in

2013 study, to the fact that the ectomycorrhizae fungi Bole-

tus are a part of “early stage” fungal species [33].

5) Anthocyanin: Water stress seems to induce antho-

cyanin biosynthesis since the highest concentrations were

observed in drought stressed plants. According to Besson

and his team in 2014, anthocyanin is acting as a protective

and antioxidant, but for the plants inoculated by the fungi

Boletus the opposite is observed, the anthocyanin content

decreased with only a 35.33 mg/1 value; the best result ob-

tained for drought stressed plants, which is in perfect con-

cordance with the proline contents results obtained previ-

ously [34].

E. Quercus Suber Plants Recovery from Drought Stress

Period

Culture conditions that may in􀅫luence the development

of mycorrhizal fungi may interfere with the prophylactic

potential of mycorrhizae, whether abiotic factors such as

drought, temperature, or biotic factors [8]. As shown in the

table above, the fungi Boletus sp. is one of the ectomycor-

rhiza with the highest rate of recovery after drought stress,

thus explaining good physiological phenology of the plants

inoculated by this type of fungi.

This important development of the fungi Boletus, even un-

der water stress conditions, was con􀅫irmed by a study car-

ried out in 1989 by Coleman and his team where they ex-

amined the ability to tolerate an imposed drought stress of

55 isolates of ectomycorrhizal fungi belonging to18 species,

since with increase of drought Boletus edulis was the only

fungus that had the ability of growing even in water poten-

tial up to -3 MPa [35].

V. CONCLUSION AND RECOMMENDATIONS

The worst phenomenon of all ecosystems is "Drought",

which is considered to be a trigger for forest decline [36]. At

a plant level, a lack of water induces multiple reactions re-

lated to its metabolism. Thus, a mycorrhizal symbiosis be-

tween ectomycorrhizal fungi and plant roots would induce

modi􀅫ications at both functional and structural level allow-

ing a good tolerance to water de􀅫icit by the plant [19].

In our study, a comparison of both morphological and

physiological changes of the cork oak, inoculated or non-
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inoculated, under drought condition was carried out in or-

der to evaluate the effect of the ectomycorrhizal symbio-

sis on drought tolerance of Quercus suber plants, by us-

ing nine mycorrhizal genuses: Russul, Reconverse, Boletus,

Amanita, Cortinaire, Hebelome, Volumus, Inocib or Sclero-

derme, naturally growing in cork oak forest: “Maamora for-

est” in Morocco.

Our study showed that non-inoculated cork oak plants do

not tolerate drought stress, which has resulted physiolog-

ically by an accumulation of proline and anthocyanin, loss

of chlorophyll in addition to a very high water potential.

On the other hand, the use of ectomycorrhizal fungi signi􀅫-

icantly improves the ef􀅫iciency of water use under drought

stress conditions.

The results obtained in this experiment indicated that a

good tolerance of the cork oak plants to the drought stress

was shown when the plants were inoculated by Boletus.

This genus of ectomycorrhizal fungi could have the ability

to quickly create amerge relationwith the roots of cork oak

plants, increase their root absorption area providing to the

plants a better hydration and nutrition. This fungus may be

recommended in plant production programs applicable at

least for plantations in Maamora area.
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