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ABSTRACT

Because of its mycotrophic caracter, and its capability to live in the steppic environment, the olive tree

is the host in this symbiosis. In this work, the variation of mycorrhization parameters :mycorrhizal

frequency in the root system (F%), Intensity of mycorrhizal colonisation in the root system (M%),

Intensity of mycorrhizal colonisation in root fragments (m%), Abundance of arbuscules in the

mycorrhizal parts of root fragments (a%), Abundance of arbuscules in the root system (A%) are

studied in two different age groups, in order to understand the differences in this case for the

establishment of the symbiosis in this species. The physico-chemical properties of soils (pH, electric

conductivity, organic matter,total limestone amount and active limestone) were determined for the two

age groups.The study shows The frequency of mycorrhization is equal in the two groups unlike the

other parameters, the adult group had the highest amount of the M%, m%, a%, A%. parameters.

Key words : Olive tree, Mycorrhizae, Steppe, Mycorrhization parameters.

RÉSUMÉ

En raison de son caractère mycotrophe et de sa capacité à vivre dans un environnement steppique,

l'olivier est l'hôte de cette symbiose. Dans ce travail, la variation des paramètres de mycorhization :

Fréquence des mycorhizes dans le système racinaire (F%), Intensité de la colonisation mycorhizienne

dans le système racinaire (M%), Intensité de la colonisation mycorhizienne dans les fragments de

racines (m%), Abondance des arbuscules dans les parties mycorhiziennes des fragments de racines

(a%), Abondance des arbuscules dans le système racinaire (A%). sont étudiés dans deux groupes

d'âge différents, afin de comprendre les différences dans ce cas pour l'établissement de la symbiose

chez cette espèce. Les propriétés physico-chimiques des sols (pH, conductivité électrique, matière

organique, calcaire totale et calcaire actif) ont été déterminées pour les deux groupes d'âge. L'étude

montre que la fréquence de mycorhization F (%) est égale dans les deux groupes contrairement aux

autres paramètres. Le groupe adulte a la quantité la plus élevée des paramètres M (%), m (%), a (%),

et A (%).

Mots clés : Olivier, Mycorhizes, steppe, paramètres de mycorhization.

ملخص

تمتالعمل،هذافيالتعايش.هذافيالمضيفةهيالزيتونشجرةالسهوب،البيئةفيالعيشعلىوقدرتهاالفطري،طابعهابسبب

الجذرنظامفيالميكوريزااستعمارشدة%(،F)الجذرنظامفيالفطريةالجذورتواترالفطريالتكاثرمعاملاتتبايندراسة

(M،)%أجزاءفيالميكوريزااستعمارشدة(الجذرm،)%الجذرشظايامنالجذريةالأجزاءفيالشجيراتوفرة(a،)%وفرة

هذافيالتعايشلتأسيسالحالةهذهفيالاختلافاتفهمأجلمنمختلفتين،عمريتينفئتينفي%(.A)الجذرنظامفيالشجيرات

الجيريالحجركميةالعضوية،المادةالكهربائي،التوصيل،التربة)حموضةللتربةوالكيميائيةالفيزيائيةالخواصتحديدتمالنوع.

عكسعلىالمجموعتينفيمتساويالفطريةالفطرياتتكرارأنالدراسةأظهرتالعمريتين.للفئتينالنشط(الجيريوالحجرالكلي

,%Mالمعلماتمنكميةأعلىعلىالبالغينمجموعةحصلتفقدالأخرى،المعلمات m%, a%, A.%

.الجذريةالفطورمعلمات،السهب،جذريةفطور،الزيتونشجرة:مفتاحيةكلمات
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Introduction

The study of ecosystem ecology has always largely underestimated the importance of

below-ground biotic factors such as interactions between plants and microorganisms. Among

microorganisms, mycorrhizal fungi are important members in terrestrial ecosystems, due to

the symbiosis ecosystems through the symbiosis they form with plant roots (Carteron, 2020).

This mycorrhizal symbiosis created with plants is ''[...] unquestionably the most common and

most important mutualistic symbiosis in terrestrial ecosystems''. Mycorrhizal symbiosis is

determined by the close and prolonged interaction between the fungus (mycobiont) and the

plant (phytobiont) and a specific environment (Figure 01). The importance of this symbiosis

is illustrated by its prevalence, since the mycorrhizal way of life from tropical environments

to the tundra, and is thought to involve up to 95% of the world's plants on Earth. Mycorrhizal

symbiosis has several types, the most widespread of which are the arbuscular mycorrhizae,

ectomycorrhizae, ericoid mycorrhizae, and orchid mycorrhizae (Carteron, 2020).

Figure 01. The mycorrhizal association is the result of a tripartite interaction between the

mycobiont (fungus) and the phytobiont (plant) in a given environment (Carteron, 2020).

A mycorrhizae is a symbiotic association essential for one or both partners, between a fungus

(specialised for life in soils and plants) and a root (or other substrate-contacting organ) of a

living plant, that is primarily responsible for nutrient transfer. Mycorrhizas occur in a

specialised plant organ where intimate contact results from synchronised plant-fungus

development (Brundrett, 2004).
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Introduction

In Algeria, the study of the biodiversity of arbuscular mycorrhizal fungi remains the poor

relation of microbial ecology. The olive tree, among many other herbaceous and woody

plants, naturally contracts the most widespread root symbioses in nature, such as vesicular

and arbuscular endomycorrhizal symbioses (Mezghrani, 2015) and it has been shown that the

olive tree is a particularly mycotrophic plant (Meddad & al., 2010).

According to Mezghrani (2015), the ecological conditions for the mycorrhizal symbiosis

are: the optimal temperature between 12 and 20° C, the light and the minimum moisture are

desirable, pH values of 4 and 5 intensify the formation of this association,organic material,

when it is not toxic, is certainly a favourable place for the permanence of mycorrhizae in the

soil, this association is not established in the presence of fertilisers and pesticides.

Mycorrhizae are durable unions based on mutual exchanges of metabolites between plant

roots and some fungi present in the soil. The new mixed organ is formed from the tissues of

the host plant and the mycorrhizal fungus (or fungal symbiont), and each partner optimises its

development through this symbiosis (Châtaigner & Duponnois, 2017) and they are

heterotrophic filamentous eukaryotic organisms. Their basic cellular unit is called a hyphae.

They contain all the constituents of a typical cell, they multiply at their tips forming a tangled

mass called mycelium. The ancient parts of the hyphae contain numerous vacuoles and can

be separated from the young regions by transverse partitions called septum (Mezghrani,

2015).

Mycorrhizal fungi, as a part of the rhizosphere population of microorganisms, are unable of

photosynthesis and are completely dependent on the plant they colonise for carbonated

substances. Regardless of the type of mycorrhizae, various functions are generally modified

by the presence of mycorrhizae: water and mineral uptake, hormonal activities and protection

against pathogenic organisms (Bouabdelli, 2019).

Numerous research on olives have proven the advantages of symbiosis with mycorrhizal

fungus, and it has been verified how the plantlet establishment improves significantly after its

micropropagation since the symbiosis increases the acquisition of nutrients by the plant, its

growth and development, and improves the biochemical profile of olives and oil. Faced with

abiotic stresses, the olive-mycorrhizal fungal symbiosis has been reported as increasing plant

tolerance under situations of salinity or drought and it has the ability to completely modify

2



Introduction

the plant-related microbiota, as a consequence of establishing the symbiosis and modifying

the nutritional profile of the rhizosphere (Poveda & Baptista, 2021).

To this end, it leads us to the following problematic :

Are there any mycorrhizae on the olive trees in this area? And if so, is this presence affected

by the age of the tree?

3



Chapter I: Material and methods

1 Presentation of the study area

1.1 Geographical location of olive orchard

This present work is carried out at the level of the olive plantation of Khatala (Massaad,

Djelfa province). This study area is found within the central portion of the nation. It is found

300 km south of the capital, at an average elevation of 1180 m above sea level. The climate

of the study area regions is semi-arid, and arid. Messaad is located at 76 km from the

South-East of Djelfa city, between 34° 8′ 31″ - 34° 10′ 52″ of latitude North and 3° 27′ 58″ -

3° 31′ 48″ of longitude East, its covers approximately 7.90 km2 (Dib & al., 2022).

The olive grove selected for this study is found at 34°17ʹ68ʺN366 and 3°47ʹ61ʺE376, in

Messaad, 4,4 km West-Northwest of Messaad centre. The study area is surrounded by

plantations and it has an altitude of 792 m above sea level (Figure 03). According to the

keeper of the grove, it has an olive-growing area of 1 ha of diverse ages (between 7 and 16

years old), of which 2/3 of them are grown-up productive trees and 1/3 are young

non-productive trees.

1.2 Description of the selected experimental trees

These criterias considered the optimal for our study, the selected experimental trees are

splitted in two categories (Figure 03).

Figure 02. Study area and the selected experimental trees for the study

(Photo taken by Google Earth, 2023).

1. The first 5 plants named (P1 to P5) are old productive olive trees.

2. The second 5 plants named (P6 to P10) are young non productive olive trees.

4



Chapter I: Material and methods

in each plant we selected 3 samples (referred to letter S) in different directions :

● S1 in the North-northeast direction according to the tree.

● S2 in the South-southeast direction according to the tree.

● S3 in the West direction according to the tree.

2. Climatic synthesis

2.1 Climatic factors

The foremost critical climatic factors are temperature and precipitation.

Due to the absence of climate stations within the study location, we used climatic data from

the Djelfa weather station to characterise the climate of the Messaad station. For this site, we

extrapolated the data obtained at the Djelfa weather station spanning 30 years (from 1990 to

2020), noting that we choose a random point in the study area with an altitude of 792 m.

What determines whether there is a correction of the data or not is the geographic location of

the monitoring station to the study area.

The correction calculations :

Calculations of the difference in altitude

h Djelfa - h Station = … m

If the difference in altitude is greater than 100 m in this case we apply the climatic

corrections, with the corrections we will calculate the average monthly and annual

precipitation of the study area in (mm) for the period (1990-2020) and the average monthly

temperatures in C° of the study area (1990-2020). To determine the climate classification, we

use the Bagnouls and Gaussen’s ombro-thermal diagram and the emberger precipitation

climatogram. These two systems summarise the bioclimate of a given station by three

fundamental climate elements: precipitation (mm) - maximum and minimum temperatures

(°C).

2.2 Classification of climate

2.2.1 Gaussen and Bagnoul's ombro-thermal diagram

Gaussen and Bagnoul's ombro-thermal diagram is a graphical method used to define the dry

and wet periods of the year, where the months are plotted on the x-axis and the rainfall (P)

and temperature (T) on the y-axis, with P=2T.

5



Chapter I: Material and methods

2.2.2 Climate Variability Analysis (Emberger Method)

A method designed by Emberger is widely used for climate classification in climatology,

hydrology, ecology, and bioclimatic analysis. The method considers the two important

climate parameters, precipitation and temperature

Q3 = 3,43*P/(M-m)

- Q3: Emberger's rainfall quotient.

- P: Average annual precipitation in mm.

- M: Maximum average of the hottest month.

- m: Minimum average of the coldest month.

After applying the formula, we will obtain the value of Q3, and will find the climatic stage of

the study area.

3. Soil analysis protocol

3.1 Humidity

1g of fresh soil was measured then put in the oven at 90°C for 24h and then it was measured

again.The difference between the weight before and after the oven is the data for the humidity

calculations .

3.2 pH and conductivity

The soil was dried at room temperature for 15 days and sieved with a 2 mm sieve.

For the measurement it need to prepare ⅕ diluted extract : First, 50 g of soil weighted and

transferred to a 250 ml stirring falcon, then added 250 ml of distilled water and then agitated

for 2 hours and put in a centrifuge for 4 minutes.

Each sample was measured with an Electronic Conductivity metre device and then a pH

metre device.

3.3 Total limestone

1 gram of finely textured soil was measured out and deposited into the flask. Then proceeded

to fill approximately three-fourths of the auxiliary chamber of the flask with hydrochloric

acid (HCl), then establish a connection between the flask and BERNARD's calcimeter

device, ensuring that the water levels in both the vertical column and the bulb of the

6



Chapter I: Material and methods

calcimeter are calibrated to zero. Gently the acid dispensed onto the soil, and using the bulb

component, repositioned the water levels to their initial positions. then recorded the resulting

volume, denoted as V, corresponding to the produced CO2.

3.4 Active limestone

The Drouineau-Galet method was used: 10 grams of finely textured soil were placed into a

flask and 250 millilitres of ammonium oxalate solution ((NH4)2C2O4 H2O)(0.2 M) were

introduced to the flask.

Allowing the mixture to undergo agitation for a duration of 2 hours using a mechanical

stirrer. Subsequently, filtered the resultant solution, discarding the first droplets of the filtrate,

and subsequently subjecting them to re-filtration.

Then 10 millilitres of this solution were transferred into a beaker, followed by an additional

10 millilitres of H2SO4 (0.1 M). Then apply heat until the temperature reaches 60°C.

Proceeded to titrate the solution with potassium permanganate solution (KMnO4) until a

consistent pink hue becomes evident, then the volume of the potassium permanganate left

was recorded.

3.5 Organic material

Organic material was measured by burning the carbon from the soil, then weighing 10 grams

of soil in the porcelain dish and placing it in the Muffle furnace at 300 degrees for 24 hours.

After that the samples were re-measured again, the difference between the weight before the

Muffle furnace and after is the measurement that needed.

3.6 Granulometry

The granulometric analysis involves classifying the individual mineral particles according to

their size, this separation allows for defining the nature of the soil texture. We used the

Robinson pipette method with Mr.Hassani at the HCDS.

For granulometric analysis, 10 g of air-dried soil is sieved through 2 mm, treated with 25 ml

of hydrogen peroxide, and heated until effervescence ceases. After filtration, the soil is

recovered in a flask, mixed with 400 ml of distilled water, 40 ml of sodium

hexametaphosphate, and 1 ml of pure ammonia, stirred for 2 hours, and adjusted to 1 litre.

Using the Robinson pipette method, clay and silt are fractionated by shaking the cylinder,

resuspending the deposit, and taking a 20 ml aliquot after specific settling times at 20°C.

Sands are recovered by sieving through 50-micron, oven-dried at 105°C, weighed, and fine

sands are separated from coarse sands using a 200-micron sieve, with coarse silts determined

by difference.

7



Chapter I: Material and methods

4. Coloration protocol

4.1 Plant material

The plant material used in this study consists of olive tree roots collected by the following

method:

15 Samples of olive roots were collected from 5 young non-productive trees taken at

random. In the same way, we collected 15 samples of olive roots from 5 adult productive

trees randomly chosen. All litter and herbaceous plants were removed from around each tree

by the grove servient.

Then we dug to a depth of 20 to 30 cm using a pickaxe. We followed the large roots down to

the finest, and took the clods of soil containing the roots around 300g for each sample. The

samples were then transported to the laboratory in plastic bags labelled from P1_S1 to

P10_S3 (30 samples). We rinsed the roots of each sample thoroughly with tap water and then

saved them in a Sampling bottle filled with 70% ethanol until use.

4.2 Roots coloration

We used Phillips and Hayman technic (1970) :

1. We selected the suitable roots for AMF’s staining from the highest quality and least

fibrous ones, and then thorough and cautious rinsing with tap water to eliminate any

remnants of the ethanol. Subsequently,trimmed them into small fragments

approximately 1 cm long.

2. We placed the roots in a 10% KOH (potassium hydroxide) solution, (the roots from

P04 to P10 were treated with 5%KOH ) and then placed in a water bath at 90°C for

about 30 min at least. We let them for a long time if they are pigmented and fibrous,

we replaced the KOH solution as soon as it became dark (the purpose of KOH is to

empty cells for their cytoplasm).

3. We rinsed the roots several times with tap water and then moved them to a solution of

10% H2O2 (hydrogen peroxide) and placed them in a water bath at 90°C for 15 to 20

minutes, ensuring the roots were fully bleached(we shorten the time for the roots

from P7 to P10 to 7 min).

4. Then we rinsed the roots several times with water and neutralised them in a 10%

lactic acid bath for 3 to 4 minutes.

5. We transferred the roots into 0.5% methylene blue solution then placed them in a

water bath at 90°C for 1 hour (the roots from P04 to P10 were treated with 0.05%

methylene blue and shortened the period to 30 min, in general).

8



Chapter I: Material and methods

6. Once the coloration period concluded, we rinsed the roots from the methylene blue

solutions with water and placed them in a Petri dish filled with glycerol (glycerin) for

a couple of days before mounting them for microscopic observation.

4.3 Observation

We removed the roots from the glycerin and placed 10 roots gently in the slide, each side of

the slide has 5 roots, and then covered with the coverslip, then we gently pushed on the top of

the coverslip to crush the root and isolated the air by applying a small layer of transparent

nail polish on four sides of each coverslip.

Once the nail polish is dried, the roots are observed under a light microscope at

magnifications x 100 and x 400. The estimation of the mycorrhization of the root system was

carried out according to the method of Trouvelot (Dodd & al., 2001). The rate of

endomycorrhizal colonisation is estimated according to an evaluation grid completed

according to 2 scales:

-A 1st scale to assess the intensity of colonisation of the root cortex and comprising 5 classes

rated from 0 to 5. Each class reflects the degree of colonisation intensity of the root cortex of

each fragment observed;

-The 2nd scale allows the evaluation of the presence of arbuscules and vesicles. It is

composed of 4 classes ranging from A0 to A3 indicating their frequency.

according to Mekahilia (2014), the estimated infection parameters are :

1. The frequency of mycorrhizal in the root system F (%): It expresses the percentage of

the number of endomycorrhizal root fragments, which reflects the importance of the

infection of the root system;

2. Intensity of the mycorrhizal colonisation in the root system M (%): It reflects the

proportion of the estimated colonised cortex compared to the entire root system.

3. Intensity of the mycorrhizal colonisation m (%) in the root fragments.

4. Arbuscule abundance a (%) in mycorrhizal parts of root fragments.

5. The arbuscular abundance A (%) in the root system compared to the entire root

system. It is the arbuscular proportion of the root system.

These parameters are calculated by entering the results of each grid into a computer program

"Mycocalc" developed by Trouvelot (Dodd & al., 2001).

9



Chapter I: Material and methods

5. Statistical analysis

The Student's t test is used to compare the means between the two groups and the principal

component analysis (PCA) was carried out to highlight the relationships between the different

studied variables. In addition, a Pearson correlation test was performed to complete the

analysis. STATISTICA software is used to treat the data of the mycorrhizal analysis and the

soil analysis and the correlations between them .

10



Chapter II: Result and discussion

1.Climatic synthesis

1.1 Climatic factors

What determines whether there is a correction of the data or not is the geographic location of

the monitoring station to the study area.

The correction calculations : Calculations of the difference in altitude

h Djelfa - h Station = … m

1180 - 792 = 388 m there for H = 388 m

Because the difference in altitude is greater than 100 m in this case we applied the climatic

corrections, with the corrections we calculated the average monthly and annual precipitation

of the study area in (mm) for the period (1990-2020) and the average monthly temperatures

in C° of the study area (1990-2020)

1.1.1 precipitation

Table 01. Average monthly and annual precipitation of the study area in (mm) for the period

(1990-2020). Source: Djelfa weather station (1990-2020)

1.1.2 temperature

According to the Djelfa station's monthly average temperatures, JANUARY is the coldest

month with a temperature of (5,2°C). The month of JULY had the highest average

temperature ever measured (26,9°C). The study area's station records JULY as having the

highest monthly average temperature at an average of (29°C), and the lowest in the month of

JANUARY (7,3°C) (Table 02).

Table 02. Average monthly temperatures in C° of the study area (1990-2020)(M: monthly

maximum average; m: monthly minimum average; avg: monthly average).
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Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec annual

precipitation

P(mm) 24,7 18,8 21,8 24,2 23,3 11,6 6,9 16,1 25,2 19,8 17,7 18,1 228,2

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M (°C) 12,6 14,3 17,8 20,8 26,8 31,9 37,1 36 30 24,4 17,2 13,4

M (°C) 2,1 3 5,3 8 12,6 17,2 20,8 20,2 16,3 14,8 6,4 4

T Moy (°C) 7,3 8,6 11,5 14,4 19,7 24,5 29 28,1 23,15 19,6 11,8 8,7
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1.2 Classification of climate

1.2.1 Gaussen and Bagnoul's ombro-thermal diagram

The dry and wet seasons of the year are represented graphically in an gaussen and bagnoul's

ombro-thermal diagram. The months are plotted on the abscissa, and the ordinates indicate

temperature (T) and rainfall (P), with P=2T, to identify the dry and wet seasons of the year

(Haghighi and al.,2020).

The ombro-thermal diagram for the research region is shown in Figure 04 and is based on

temperature and rainfall information. from 30-year-long calculations of the average monthly

rainfall and temperature.

Figure 03. Ombro-thermal diagram for the study area station (1990-2020)

According to this diagram, the dry season extends over a period of 09 months during the year

which is from february to december.

1.2.2 Climate Variability Analysis (Emberger Method)

A method designed by Emberger is widely used for climate classification in climatology,

hydrology, ecology, and bioclimatic analysis. The method considers the two important

climate parameters, precipitation and temperature

Q3 = 3,43*P/(M-m)

12
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- Q3: Emberger's rainfall quotient.

- P: Average annual precipitation in mm ( 308,38 mm)

- M: Maximum average of the hottest month ( 37.1°C)

- m: Minimum average of the coldest month (2.1 °C)

After applying the formula, we obtain the value of Q3 equal to 30.22.

The study area is located in the ARID stage (Winter variant: Cold) (Figure 05).

Figure 04. Emberger precipitation climatogram for the study area (1990-2020).
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2. Soil analysis

2.1 Humidity

We can see that the highest humidity value is 20.30 %, which has been recorded in Tree 1,

and the lowest humidity value is 0.64 % and it has been recorded in Tree 7.

Also we can see that for 9/10 from the trees, the humidity values are below 10%.

Figure 05. Percentage of Humidity per tree.

2.2 Conductivity

The highest conductivity value is 1272 µs/cm, which has been recorded in Tree 2, and the

lowest conductivity value is 1024.666667 µs/cm recorded in Tree 3.

Figure 06. Conductivity per tree.

14
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2.3 The pH

The highest pH value is 7.74, recorded in Tree 9, and the lowest is 6.79 recorded in Tree 1.

Also for 7/10 from the trees, the pH values are more than 7.

Figure 07. pH per tree.

2.4 Total limestone

The highest total limestone value is 42.10 %, recorded in Tree 4, and the lowest is 10.85 %

recorded in Tree 9.

Figure 08. Total limestone per tree.
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2.5 Active limestone

The highest active limestone value is 21.75, recorded in Tree 1, and the lowest is 13.62

recorded in Tree 9.

Figure 09. Active limestone per tree.

2.6 Organic material

The highest organic material value is 19.53 %, recorded in Tree1, and the lowest is 2.06 %

recorded in Tree 7.

Figure 10. Organic material per tree.
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2.7 Granulometry

The soil of the young trees site is sandy loam , and the soil of the old trees site is silt loam.

Figure 11. Granulometry per age group.
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2.8 Comparison of soil parameters between young and adult trees

Looking at the figure below we noticed that the highest average humidity value was in adult

trees, the lowest values are recorded for the young trees, almost half of the value in

comparison to the adult trees.

The conductivity shows that the higher average value was recorded in adult trees.

Concerning the average pH value, shows that the highest average pH recorded in the young

trees in comparison to the adult trees, but the values are almost equal with a difference of

0.3.

For total limestone, the lowest average value is in young trees, and the adult trees have the

highest average.

The highest value of active limestone was in adult trees in comparison to the young trees.

For organic material, the highest value was in adult trees in comparison to the young trees,

with a great difference between the two ages.

Figure 12. Comparison of soil parameters between young and adult trees.
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2.9 Comparison of soil parameters (average values)

Humidity is 5.88 % on average.

The soil is neutral (average pH 7.14).

Electrical conductivity is 1.14 mS/cm on average. Therefore the soil is non-saline.

Total limestone averaged 20.63 %, making the soil moderately calcareous.

The soil has a high active limestone content (the average content is 17.91%).

Organic material averaged 8.616%, a soil that is very low in organic material.

Figure 13. Comparison of soil parameters (average values).

Table 03. Soil analysis parameters (averages).

Average Humidity

(%)

pH Conductivity

(µš)

Organic

material

(%)

Total

limestone

(%)

Active

limestone

(%)

Adult 8.80 6.98 1167.31 13.08 24.43 20

Young 2.97 7.30 1115.32 4.14 16.82 15.82

Total 5.88 7.14 1141.32 8.61 20.63 17.91
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3 Mycorrhization parameters

3.1 The typical structures

Figure 14. Typical structures of vesicle mycorrhizal fungi colonising the roots of olive trees.

(A and F : Big vesicles. B, D and E : Medium vesicles. C : Small vesicles. V: vesicle. H:

Hyphae). (Original photos, 2023).
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Figure 15. Typical structures of arbuscular mycorrhizal fungi colonising the roots of olive

trees. (A: Arbuscule. H: Hyphae. CC: Central cylinder). (Original photos, 2023).
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Figure 16. Typical structures of hyphae mycorrhizal fungi colonising the roots of olive trees.

(A: Arbuscule. H: Hyphae. CC: Central cylinder). (Original photos, 2023).
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Figure 17. Typical root hair and typical lateral ramification of roots (A: Arbuscule. RH: Root

hair. CC: Central cylinder. LR: Lateral ramification. EC: Empty Cell). (Original photos,

2023).
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3.2 Mycorrhiza rate

In table 04, we noticed that the frequency of mycorrhizal in the root system (F%) was very

high 100 %, followed by intensity of the mycorrhizal colonisation in the root system (M%)

16,886 % which is equal to intensity of the mycorrhizal colonisation in the root fragments

(m%): 16,88 %, and arbuscule abundance in mycorrhizal parts of root fragments (a%):

38,514%. Finally, The arbuscular abundance in the root system (A%) reached 7,445% .

Table 04. The averages of the parameters calculated for each age group

parameter Age of tree average % total average %

F%

Adult 100

100Young 100

M%

Adult 22,57

16,88Young 11,19

m%

Adult 22,57

16,88Young 11,19

a%

Adult 46,03

38,51Young 30,99

A%

Adult 11,55

7,44Young 3,33

3.2.1 Mycorrhizal frequency in the root system (F%)

Both adult and young trees recorded the highest percentage of the frequency of mycorrhizal

in the root system F (%) with an average of (100 %).

3.2.2 Intensity of the mycorrhizal colonisation in the root system (M%)

The Intensity of the mycorrhizal colonisation in the root system M (%) is higher in adult trees

(22.57%) than the young trees (11.19%).

3.2.3 Intensity of the mycorrhizal colonisation in the root fragments (m %)

Same as the (M%), the intensity of the mycorrhizal colonisation in the root fragments m (%)

is higher in adult trees (22.57%) than the young trees (11.19%).
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3.2.4 Arbuscular abundance in mycorrhizal parts of root fragments (a %)

The arbuscule abundance in the mycorrhizal parts of root fragments a (%) is higher in adult

trees (46,03%) then the young trees (30,99%).

3.2.5 Arbuscular abundance in the root system (A%)

The arbuscular abundance in the root system (A%) is higher in adult trees (11,55%) than the

young trees (3,33%).

Figure 18. Comparison of mycorrhization parameters between young and adult trees.
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4. Statistical analysis

4.1. Student Test

Table 05. Student test

● F% : Mycorrhizal frequency in the root system.

● M% : Intensity of the mycorrhizal colonisation in the root system.

● m% : Intensity of the mycorrhizal colonisation in the root fragments.

● a% : Arbuscular abundance in mycorrhizal parts of root fragments.

● A% : Arbuscular abundance in the root system.

● H : Humidity.

● EC : Conductivity.

● TL : Total Limestone.

● AL : Active Limestone.

● OM : Organic material.

● AT : Adult trees group.

● YT : Young trees group.

● Std.Dev : Standard deviation.
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Mean
AT

Mean
YT

t-value d
f

p Valid
num
ber
AT

Valid
num
ber
YT

Std.Dev
.

AT

Std.Dev
.

YT

F-ratio p

F% 99.980 100.000 -1.0000
0 8 0.346593 5 5 0.0447 0.00000 0.0000 1.00000

0

M% 22.578 11.194 2.12645 8 0.066158 5 5 11.2165 4.18219 7.1930 0.08211
2

m% 22.578 11.194 2.12645 8 0.066158 5 5 11.2165 4.18219 7.1930 0.08211
2

a% 46.030 30.998 1.68684 8 0.130117 5 5 17.4097 9.69340 3.2258 0.28299
4

A% 11.556 3.334 2.03154 8 0.076674 5 5 8.9752 1.15950 59.916
7

0.00159
9

H 8.801 2.978 1.80578 8 0.108589 5 5 6.7648 2.49526 7.3499 0.07918
6

pH 6.984 7.303 -2.5156
3 8 0.036053 5 5 0.1158 0.25848 4.9791 0.14912

3

EC 1167.31
1

1115.32
9 1.10627 8 0.300764 5 5 104.596

7 9.95681 110.35
59

0.00048
1

TL 24.434 16.827 1.14362 8 0.285844 5 5 10.0217 10.9897
9 1.2025 0.86246

0

AL 20.000 15.825 3.92914 8 0.004362 5 5 1.2624 2.01285 2.5422 0.38820
4

OM 13.086 4.146 4.42170 8 0.002221 5 5 4.1495 1.79478 5.3452 0.13336
8



Chapter II: Results and Discussion

4.2. Multivariate Analysis

A principal component analysis (PCA) was carried out to highlight the relationships between

the different studied variables. In addition, a Pearson correlation test was performed to

complete the analysis.The correlation matrix shows correlations between

-Soil parameters, with one negative and two positive correlations between Organic Matter

and the four parameters Active limestone (AL) and pH and Electrical conductivity (EC) and

Moisture (H) (r = 0.86 and r = -0.79 and r = 0.66 and r = 0.85 respectively), and between

Moisture (H) and the two pH and Electrical conductivity (EC) parameters (r = -0.62 and r =

0.68 respectively).

-Mycorrhizae parameters between them; with two positive correlations. The first correlations

between Arbuscular abundance in mycorrhizal parts of root fragments (a%) and the two

parameters Intensity of the mycorrhizal colonisation in the root system (M%) and Intensity of

the mycorrhizal colonisation in the root fragments (m%) ( r =0.68 and r = 0.68 respectively).

And the second correlations between Arbuscular abundance in the root system (A%) and the

parameters Intensity of the mycorrhizal colonisation in the root system (M%), Intensity of the

mycorrhizal colonisation in the root fragments (m%) and Arbuscular abundance in

mycorrhizal parts of root fragments (a%) ( r = 0.94 and r = 0.94 and r = 0.85 respectively)

-Mycorrhization and soil parameters show negative and significant correlations between

Mycorrhizal frequency in the root system (F%) and the two parameters Moisture (H) and

Organic Matter (OM) (r = -0.81 and r = -0.69, respectively) (Table 06).

Table 06. Pearson correlation matrix (p ˂0.05) for all mycorrhization and soil variables.
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  F% M% m% a% A% H pH EC TL AL OM
F% 1.00 0.17 0.17 0.43 0.24 -0.89 0.49 -0.60 0.09 -0.50 -0.69
M% 1.00 1.00 0.68 0.94 -0.14 -0.32 -0.20 0.33 0.50 0.23
m% 1.00 0.68 0.94 -0.14 -0.32 -0.20 0.33 0.50 0.23
a% 1.00 0.85 -0.27 -0.04 -0.32 0.15 0.33 0.07
A% 1.00 -0.17 -0.23 -0.31 0.27 0.45 0.15
H 1.00 -0.62 0.68 0.14 0.62 0.85
pH 1.00 -0.47 -0.43 -0.88 -0.79
EC 1.00 -0.03 0.50 0.66
TL 1.00 0.34 0.38
AL 1.00 0.86
OM 1.00
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The correlation circle shows that the majority of the variables are correlated with the two

axes, with these two axes explaining 79.17 % of the total inertia. For axis 2, the soil variables

(H, MO and EC ) and mycorrhizae (M%, m% , a% A%) are positively correlated, while the

two variables (F% and pH) are negatively correlated.

On axis 1, all mycorrhiza parameters with pH and TL are positively correlated and the three

soil parameters AL, OM, H and EC are negatively correlated (Figure 20 ).

Figure 19. Correlation circle for variables; F: frequency of mycorrhization, M: intensity of

colonisation of the root cortex,m: Intensity of mycorrhizal colonisation in root fragments, A:

arbuscular content,a: Abundance of arbuscules in the mycorrhizal parts of root fragments, H:

humidity, pH, EC: electrical conductivity, TL: total limestone, AL: active limestone, MO:

organic material.
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5. Discussion

The rates of the different mycorrhizal parameters recorded during this study vary in the two

age groups, except the frequency of mycorrhizal in the root system F (%) where it reaches the

maximum rate (100%) in both groups. Considering the time of the samples collection at the

end of spring our results are close to those obtained by Bouadelli & al (2018) in the stations

Sidi- Naaman (Temperate sub-humid), Guetia (Cold semi-arid),Ain Ouassara (Cool arid),

Messaad (Cool arid). The rate of F% could differ depending on the climatic stage and the

ligation of the study area like the results of Benzergua & Mammeri (2022) reached (85%) in

Ghayaza (Cool arid). Also in the study of Kachkouch & al. (2012) the F% is (96% ) in

Khnichat, Morocco (sub humid). Considering the Intensity of the mycorrhizal colonisation in

the root system M (%) we recorded (16,88%) which is lower than rates that recorded in the

studies of Bouadelli & al (2018), Benzergua & Mammeri (2022) and Kachkouch & al.

(2012). We recorded the same rate of m% as the M% which is also considered lower than the

results recorded by Benzergua & Mammeri (2022).

For the a%, we recorded (38,51%) and it's also lower than the previous study.

As for the A%, we recorded (7,44%) and that is close to the result of Bouadelli & al. (2018)

in the same area as our study (Messaad), and lower than results recorded by Benzergua &

Mammeri (2022).

Considering the soil analysis, the humidity is 5.88 % on average which is considered

favourable for the mycorrhization symbiosis, and the pH 7.14 which it accedes the preferable

interval for the mycorrhizae (between 4 and 5).

Organic material (8.61%) is favourable at any rate. The conductivity shows that the soil is

non salin (1.14 mS/cm), that could be because of the presence of mycorrhizae in this soil.

Total limestone averaged 20.63%, making the soil moderately calcareous and that is accurate

because our study area is steppic.
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Conclusion

In conclusion, after studying the root fungal symbiosis in the olive tree Olea europaea on two

different age groups in the steppe, mycorrhizal fungi are observed in both age groups.

Identical structures were detected in the treated root fragments through the use of optical

microscopy. Our study showed that the frequency (F%) of fungal infection was same between

the two age groups. Otherwise, the mycorrhizal colonisation in the root system (M%) and in

the root fragments (m%) was different, same observation about the arbuscule abundance in

mycorrhizal parts of root system (A%) and in the root fragments (a%). This variation could

be due to the age of the tree. All mycorrhization parameters of adult trees are almost twice as

high compared to young plants.

At the end, it becomes evident that there is potential for further exploration of this aspect.

Certainly the importance of transferring these resilient species rather than relying on synthetic

chemicals and nutrients is crucial.

Algeria has strongly encouraged the development of olive growing throughout the national

territory. However, the presence of mycorrhizal symbiosis on the olive tree and particularly in

the steppe is essential because it is an indicator of resilience to the climatic and edaphic

conditions of this zone. Better yet, the older the plant gets, the more mycorrhiza it has in its

root system. Hence the interest of this study which should contribute to helping the research

community and farmers in this region.
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Annexes

Annex 01. Table for calculating the soil humidity

Tree N°

empty
weighing
dishes

humid soil dry soil
Mw : water
mass

Ms : soil particles
mass

Mw/ Ms Mw/ Ms %

1 1,5626 20,0189 16,9036 3,1153 15,341 0,203070204 20,3070204

2 1,5595 20,0113 18,852 1,1593 17,2925 0,06704062455 6,704062455

3 1,5242 20,0095 19,3455 0,664 17,8213 0,03725878583 3,725878583

4 1,5485 20,0007 19,244 0,7567 17,6955 0,0427622842 4,27622842

5 1,5348 20,012 18,488 1,524 16,9532 0,08989453319 8,989453319

6 1,4881 20,0025 19,6383 0,3642 18,1502 0,02006589459 2,006589459

7 1,4939 20,0086 19,8909 0,1177 18,397 0,006397782247 0,6397782247

8 1,4876 20,0067 18,7593 1,2474 17,2717 0,07222219006 7,222219006

9 1,5093 20,0159 19,5371 0,4788 18,0278 0,02655898113 2,655898113

10 1,5516 20,012 19,5857 0,4263 18,0341 0,02363855141 2,363855141
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Annex 02. Table of the soil pH.

Trees N° pH

1 6.793333333

2 6.983333333

3 7.093333333

4 6.993333333

5 7.056666667

6 7.283333333

7 7.256666667

8 7.123333333

9 7.743333333

10 7.106666667

Annex 03. Table of the soil conductivity.

Trees N° Conductivity µš

1 1269

2 1272

3 1024.666667

4 1129

5 1141.888889

6 1098.518519

7 1123.135802

8 1121.18107

9 1114.278464

10 1119.531779



Annexes

Annex 04. Table for calculating the percentage of total limestone in the soil.

Trees N° V0 V1 V1*0,2 /29,5 *100

1 4 26,5 5,3 0,1796610169 17,96610169

2 4 30 6 0,2033898305 20,33898305

3 4 33,3 6,66 0,2257627119 22,57627119

4 4 62,1 12,42 0,4210169492 42,10169492

5 4 28,3 5,66 0,1918644068 19,18644068

6 4 16,5 3,3 0,1118644068 11,18644068

7 4 17 3,4 0,1152542373 11,52542373

8 4 53,6 10,72 0,3633898305 36,33898305

9 4 16 3,2 0,1084745763 10,84745763

10 4 21 4,2 0,1423728814 14,23728814

Annex 05. Calculation table for % active limestone in soil.

Trees N° V0 V1 V1-V0 N-n(Vt-Ve) *1,25

1 13 13,6 0,6 17,4 21,75

2 13,6 15,1 1,5 16,5 20,625

3 15,1 17,4 2,3 15,7 19,625

4 17,4 19,7 2,3 15,7 19,625

5 19,7 23 3,3 14,7 18,375

6 23 28,7 5,7 12,3 15,375

7 28,7 34,8 6,1 11,9 14,875

8 34,8 39,8 5 13 16,25

9 38,8 45,9 7,1 10,9 13,625

10 45,9 48,7 2,8 15,2 19
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Annex 06. Table for calculating the percentage of organic matter in soil.

Trees N° Pv Pe Pi=Pe+Pv Pf Pi-Pf *100

1 26,2321 3,0286 29,2607 29,0654 0,1953 19,53

2 28,4748 3,0333 31,5081 31,3848 0,1233 12,33

3 18,8215 3,0211 21,8426 21,7631 0,0795 7,95

4 26,745 3,0127 29,7577 29,6261 0,1316 13,16

5 26,148 3,016 29,164 29,0394 0,1246 12,46

6 28,7186 3,0101 31,7287 31,6914 0,0373 3,73

7 28,619 3,0246 31,6436 31,623 0,0206 2,06

8 1,4887 3,0157 4,5044 4,4423 0,0621 6,21

9 1,48 3,0141 4,4941 4,4646 0,0295 2,95

10 1,495 3,02 4,515 4,4572 0,0578 5,78

Annex 07. Calculation table of mycorrhizae rate in olive tree roots.

Tree N° F% M% m% a% A%

1 100 11,93 11,93 19,58 2,34

2 100 26,27 26,27 49,45 12,99

3 100 37,5 37,5 68,13 25,55

4 100 26,4 26,4 44,02 11,62

5 100 10,79 10,79 48,97 5,28

6 100 18,23 18,23 20,49 3,74

7 100 8,93 8,93 27,92 2,49

8 100 8,88 8,88 24,37 2,17

9 100 8,1 8,1 39,14 3,17

10 100 11,83 11,83 43,07 5,1


