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Abstract

Global agricultural sustainability is increasingly threatened by soil salinity, particularly for
sensitive medicinal crops like thyme (Thymus vulgaris L.) in arid regions. This study
evaluates the synergistic efficacy of bio-stimulation using Arbuscular Mycorrhizal Fungi
(AMF) and organic soil amendments (compost) as an eco-friendly strategy to mitigate
salinity stress. A field experiment was conducted in Tikrit-lIrag during the spring season of
2025 using a Randomized Complete Block Design (RCBD) with a factorial arrangement. The
study investigated three factors: irrigation water quality (Fresh WO vs. Saline W1),
mycorrhizal inoculation (Non-inoculated MO vs. Inoculated M1), and organic compost levels
(0%, 10%, and 20%). Results demonstrated that saline irrigation independently caused
significant reductions in vegetative traits and mineral uptake (N, P, K) due to osmotic and
ionic stress, while inducing a defensive accumulation of carbohydrates (54.00%) in untreated
stressed plants (W1MO0OO). Conversely, the application of AMF and compost significantly
alleviated these adverse effects. The tripartite interaction between saline water, mycorrhiza,
and 20% compost (W1M102) proved to be the most critical finding; it successfully
neutralized salinity stress, restoring leaf area to 1723.04 cm? and fresh weight to 1408.70 g—
values statistically comparable to plants irrigated with fresh water. Furthermore, the optimal
non-stressed combination (WOMZ102) maximized essential oil content to 4.47%, compared to
only 1.97% in the stressed control. The study concludes that integrating mycorrhizal
inoculation with organic composting provides a potent biological buffering system. This
approach enhances nutrient availability and physiological resilience, offering a viable,
sustainable protocol for cultivating high-quality medicinal thyme

Keywords: Arbuscular Mycorrhiza; Compost; Medicinal plants; Salinity stress; Thymus
vulgaris; Vegetative growth.

Introduction and reducing reliance on synthetic

Medicinal and aromatic plants are chemical compounds, the economic
considered an integral part of the cultural importance of these plants has doubled [6].
and medical heritage of humanity [21], as Thyme (Thymus vulgaris L.) stands
they have been and continue to be the out as one of the most important plants
main source of raw materials used in the belonging to the Lamiaceae family due to
manufacture of drugs, cosmetics, and food its multiple uses and its uniqueness in
products [12], In light of the contemporary having a chemical content rich in volatile
global trend towards returning to nature oils and phenolic compounds that possess
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antioxidant and antimicrobial properties
[9].

Recent studies by [20] indicate that the
global demand for thyme oil has increased
by 15% annually due to its medicinal
properties as an anti-inflammatory and
antioxidant.

However, the stability of this
chemical content faces major
physiological challenges due to the
degradation of agricultural ecosystems,
making the trend towards "Biostimulation”
an indispensable necessity to ensure
production sustainability and the quality of
the active substance [4].

Arbuscular  Mycorrhizal ~ Fungi
represent one of the finest models of
biological symbiosis in nature. The
function of these fungi is not limited to
extending a network of hyphae that goes
beyond the root depletion zone to reach
phosphorus and water, but extends to
modifying the gene expression of the host
plant [2].

A study by [27] demonstrated that

bio-fertilizers  signifi-cantly  improved
Thyme quality through better
macronutrient absorption (N, P, K

increased by 16.9%, 19.5%, and 18.6%,
respectively). The integrated mycorrhizal
treatment maximized secondary
metabolites, resulting in a 71% increase in
essential oil content and a 42.7% rise in
crude oil vyield relative to the control.

[2] demonstrated that mycorrhizal
inoculation enhances the productivity and
quality of Thymus satureioides L. and
Thymus pallidus L. even under non-stress
conditions, The study reported significant
biomass increases of 37.1% and 52.4%,
respectively, alongside crude oil yield
imp-rovements of 21% and 74%,
suggesting a  correlation  between
morphological growth and photosynthetic
efficiency. Furthermore , the fungal
symbiosis significantly boosted nutrient
acquisition, particularly Nitrogen rising to
0.9-1.0%) and Potassium reaching 88-105
mg/g, confirming the role of mycorrhiza in
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optimizing plant nutrition and secondary
metabolite profiles.

Irrigation water is considered the
main determinant of plant growth in arid
regions, However the challenge does not
lie only in the quantity of water but in its
quality. When using irrigation water with
high salinity levels or well water, the
thyme plant is exposed to double stress
osmotic stress that prevents roots from
withdrawing water, and ionic stress
resulting from the accumulation of sodium
and chloride ions, as shown by a study by

[3].

[26] reported that salinity stress
exerts a distinct negative impact on the
growth of Thymus vulgaris L., primarily
due to severe nutritional imbalances. The
study highlighted a significant depletion in
leaf mineral  concentrations,  with
Potassium (K+) decreasing by 37-72%
and Calcium (Ca®") by 23-26% over four
weeks, attributed to ionic competition with
Sodium (Na+). Regarding essential oils,
while salinity initially reduced key
constituents  like  alpha-pinene  and
carvacrol, an age-dependent increase was
observed in other bioactive compounds,
where Thymol and Linalool levels rose by
15% and 17%, respectively, as plants
matured.

[23] conducted a comprehensive analysis
of the interactive effects of growth stage
and soil water availability on Thymus
armen-iacus L. and Thymus kotschyanus
L. Gas chromatography revealed distinct
species-specific chemical profiles. The
essential oil of T. armeniacus was
dominated by gamma -Terpinene (16.65—
23.58%), p-Cymene (6.70-16.56%), and
alpha-Pinene (12.16-15.78%). In contrast,
T. kotschyanus contained high levels of
gamma-Terpinene (17.69-28.11%) and p-
Cymene (17.78-41.90%), with a notable

absence of alpha-Pinene. Furthermore,
Thymol content varied significantly
relative to the control, being highly

abundant in T. kotschyanus (114.10-

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (1):681-694, (Mar.2026)

Hashim & Zahwan

157.30%) while remaining minimal in T.
armeniacus (15.70-32.00%).

The addition of agricultural media
such as compost goes beyond merely
being a source of macronutrients (NPK) it
acts as an environmental regulator for the
soil, as it increases the soil's organic matter
content, improves soil porosity, and raises
the water-holding capacity, which is vital
when using stressful irrigation water.
Chemically, the humic and fulvic acids
resulting from the decomposition of
organic matter act as chelating agents that
increase nutrient availability [19].

A study by [22] on Thyme
revealed that organic compost
amendments signifi-cantly outperformed
the control, increasing essential oil content
from 2.1% to 6.4%. The treatment also
enhanced the chemical profile, with major
compounds (Carvacrol, p-Cymene,
gamma-Terpinene, and Thymol acetate)
constituting over 60% of the oil
Specifically, compost application resulted
in the highest concentrations of Carvacrol
(36.8%) and gamma-Terpinene (18.7%).

[13] investigated the impact of
various organic amendments on wild
thyme. The study found that compost
application significantly enhanced
macronutrient absorption compared to the
control, raising Nitrogen (N), Phosphorus
(P), and Potassium (K) levels to 2.48%,
3.6%, and 14.8%, respectively.

Materials and Methods

The experiment was conducted in
the Department of Horticulture and
Landscape Design / College of Agriculture
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/ Tikrit University at the geographical
location (34.68044, 43.6485) during the
spring growing season of 2025 on
medicinal thyme plants.

The purpose was to study the role
of Mycorrhiza fungi and the addition of
media (organic compost) under the
influence of two types of irrigation water
(fresh and saline) to evaluate a set of traits,
including the plant's content of mineral
elements and carbohydrates, in addition to
the crude oil percentage.

A plot of land was selected to
implement the experiments, and the field
was divided into three blocks (replicates).
Each block included twelve treatments
(experimental units) resulting from the
interactions of the study factors, Each
treatment within the block contained 3
plants planted in cylindrical pots with
dimensions (50 cm diameter * 50 cm
height) and a volume of 100 liters. A
distance of 50 cm was left between
treatments and 1 meter between one
replicate and another. A drip irrigation
system was installed with 6 lines for each
block.

Loamy soil transported from the
river basin was used in the pots samples
were taken from it at different heights to
determine its chemical and physical
characteristics and properties, which were
analyzed in the laboratories of the
Department of Soil and Water / College of
Agriculture, Tikrit University, and its
properties are shown in Table 1.

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (1):681-694, (Mar.2026)

Hashim & Zahwan

Table 1: Chemical and Physical Properties of Field Soil

The study factors were as follows:
1. Addition of Mycorrhiza Fungi (M):
Used at two levels:

MO: Without Mycorrhiza addition.
M1: Addition of Mycorrhiza
fungus (Glomus Power 200Gm
Mycorr-hizal Biofertilizer) ,
produced by the Indian company
Orjit Biotech, at planting 3
g.plant™ * by dissolving it in 2.5
liters of water according to the
manufacturer's recommend-ations.
The suspension was added by
spraying directly onto the soil after
planting the plant in the pots, and
the seedlings were irrigated with it
in the evening after planting.

2. Irrigation Water Type (W):
Two types of irrigation water were used:
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.No Parameter Unit Value
1 Nitrogen (N) mag/kg (ppm) 200
2 Potassium (K) mag/kg (ppm) 150
3 Phosphorus (P) mag/kg (ppm) 10
4 Electrical Conductivity (EC) / Salinity = mmhos/cm (dS/m) 0.5
5 pH (Acidity) -- 6.8
6 Gypsum % 2
7 Lime (CaCO3) % 0.5
8 Organic Matter % 1.5
9 Sand % 40
10 Silt % 35
11 Clay % 25
12 Soil Texture Class Loam

WO: Fresh water with low salinity,
average electrical conductivity (0.5
dS/m).

W1: Well water (wells of the
College of Agriculture Research
Station / Horticulture Department)
with  relatively high salinity,
average electrical conductivity (4.6
dS/m).

3. Agricultural Medium (Compost) (O):
Compost was used at three levels:

O0: Without compost addition.

O1: Addition of compost at a rate
of 10% of the soil weight in the
pot.

O2: Addition of compost at a rate
of 20% of the soil weight in the
pot.
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Table 2: Physical and Chemical Properties of the Compost Used

.No Parameter Unit

1 Moisture Content %

2 Organic Matter Content %

3 pH Level -

4 C:N Ratio Ratio

5 Salinity (EC) mS/cm

6 Diseases & Pests --

7  Particle Size & Form --

8 Odor -

9 Total Nitrogen (N) mg/kg (Dry Matter)
10 Phosphorus (P205)  mg/kg (Dry Matter)
11 Potassium (K20) mg/kg (Dry Matter)

Value
15
45
6.7
1:10
0.25

Free from insect pests, diseases, and
nematodes

Friable, homogeneous, non-caking,
granular

Odorless
(%2.4~) 24,380
(%0.9~) 9,250
(%2.25~) 22,500

Studied Traits:
1:-Nitrogen Percentage in Leaves
(%): The plant leaves' content of
nitrogen was estimated using the Micro-
Kjeldahl method [17].
2:-Phosphorus  Percentage in
Leaves (%): The leaf content of
phosphorus was estimated using amm-
onium molybdate and ascorbic acid, and
then measured using a Spectrophotometer
at a wavelength of 882 nm [17].
3:-Potassium  Percentage in
Leaves (%0): The content of thyme plant
leaves of potassium was estimated
relying on the method using a Flame
photometer device [17].
4:-Percentage of Carbohydrate
Content in Plant (%): Simple and
complex carbohydrates are hydrolyzed in
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the presence of concentrated sulfuric acid
into monosaccharides that convert into
furfural compounds, which react with
phenol to form a yellow-orange color.
The color intensity is measured at 490
nm, and the carbohydrate content is
directly proportional to its quantity in the
sample. Fresh thyme leaves are collected,
washed with distilled water, and dried in
an oven at 60—70°C until constant weight,
then ground well to obtain a fine powder.
Carbohydrates are extracted using 0.1 g
of dry thyme powder, adding 10 ml of hot
distilled water, then heating in a water
bath at 80°C for 30 minutes. The solution
is then cooled and filtered. The filtrate is
used for analysis by drawing the standard
curve. This is done by taking 1 ml of the
sample extract, adding 1 ml of 5%
phenol, and adding 5 ml of concentrated
sulfuric acid with slight shaking. The
tubes are left for 20 minutes, then
absorbance is measured at 490 nm [8].
5:-Crude Oil Percentage (%):
Thyme oil was extracted using
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principle of continuous extraction of
compounds with low solubility in an
organic solvent (ethanol) capable of
dissolving the essential oil. The sample
was prepared by drying and grinding
thyme leaves to increase the surface area,
then placing them in a filter paper
thimble. The thimble containing thyme
leaves is placed in the main chamber of
the Soxhlet apparatus, and the apparatus
is mounted on top of a flask containing
the solvent (ethanol), then a condenser is
added at the top. The solvent is heated in
the flask, evaporates, and rises to the top
through a side tube. The solvent vapor
passes through the condenser at the top,
turns into liquid, and drips onto the
sample in the extraction chamber. The
extraction tube fills gradually with the
solvent until it reaches a certain level,
then a side siphon tube drains the solvent
saturated with essential oil back into the
main flask. This cycle is repeated several
times, ensuring complete extraction of the
compounds. After the extraction process
ends, the essential oil is separated from
the solvent using a rotary evaporator.
This method is considered very effective
in extracting oils, especially those with
low solubility in the solvent used,
ensuring a high concentration of oil at the
end of the process. The oil percentage is
calculated according to the following
equation:[5]

Crude Oil % = (Crude Oil Volume ml /
Sample Weight g) x 100 .

Results and Discussion

1. Effect of Mycorrhiza, Irrigation
Water Type, and Compost on Nitrogen
Percentage in Leaves

The data presented in the table
indicate that level WO significantly
excelled by recording an average of 2.31%
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compared to level W1, which recorded a
decrease at 1.77%. because of the high
concentrations of specific ions in W1 such
as Cl- may have competed with nitrogen
ions specifically NO3- for uptake sites on
root membranes, leading to a nutrient
imbalance [11].

In the same direction, the second
factor showed a clear positive effect at
level M1, which excelled with an average
of 2.37% over level MO, The fungal
hyphae extend far beyond the depletion
zone of the root hairs, effectively
increasing the absorptive surface area of
the root system This allows the plant to
access soil nitrogen resources that are
physically unavailable to non-inoculated
roots [25].

As for the third factor O, it showed
a regular ascending behavior where the
nitrogen percentage increased directly with
the increase in addition levels, with level
02 giving the highest general average of
2.43% , significantly outperforming levels
O1 and OO respectively. Increasing the
level of compost increases the total pool of
organic nitrogen in the soil Through the
process of mineralization, soil micro-
organisms degrade this organic matter,
releasing inorganic nitrogen forms NH4+
and NO3- that are available for plant
absorption [14].

The triple interaction between the
best levels of individual factors
(WOM102) led to the highest value in the
experiment, reaching 3.20%, compared to
W1MO0OO which recorded the lowest
nitrogen content of 1.12% , combining
AMF with organic amendments like
compost creates a synergistic effect that
significantly ~ enhances soil  nutrient
availability and plant uptake compared to
individual applications [7].
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Table 1:Effect of Mycorrhiza, Irrigation Water Type, and Compost on Nitrogen Percentage in

Leaves

Interaction / Treatment 00 01
Three-way Interaction (WxMxO)

WOMO H1.53 E2.07
WOM1 D189 A2289
W1MO 11.12 H1.53
W1M1 H145 D223

General Mean (O) C150 B2.18
Two-way Interaction (WxQ)

WO D1.71 B2.48
W1 E1.29 C1.88
Two-way Interaction (MxQO)

MO E1.33 C1.80
M1 D1.67 B2.57

2. Effect of Mycorrhiza, Irrigation
Water Type, and Compost on
Phosphorus Percentage in Leaves

The results of the general means
show clear significant differences for the
effect of the studied factors. Level WO of
the first factor excelled by recording a
general average of 0.61 compared to level
W1 which recorded 0.48, and level M1 of
the second factor excelled with an average
of 0.60 over level MO.

Also, the third factor O excelled
significantly, as level O2 achieved the
highest general average of 0.71,
outperforming levels O1 and OO0
sequentially . This superiority of
individual levels was clearly reflected in
the outcome of the triple interaction
(W/M/O), where the interaction treatment
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02 Interaction Mean (WxM)

C2.25 C1.95
A3.20 A 2.66
G 1.73 D 1.46
B2.53 B 2.07
A243 --
General Mean (W)
A2.73 A231
B2.13 B 1.77
General Mean (M)
B 1.99 B 1.71
A2.87 A2.37

WOM102 recorded the highest value for
the studied trait in the experiment,
reaching 0.87, indicating a high response
between these three levels. In contrast,
combining the levels with low effect in the
combination W1MOOO led to recording
the lowest average of 0.33. Accordingly,
the treatment WOM10O2 is considered the
most efficient for improving this trait ,
This is attributed to the myco-rrhizae
activating a defense mechanism known as
local acidification, The fungus secretes
hydrogen protons (H") into the rhizosphere
immediately surrounding the hyphae,
locally lowering the pH. This localized
drop in pH is sufficient to solubilize
calcium phosphate compounds precipitated
by salinity, thereby releasing and
sequestering phosphorus. This process
ensures a steady supply of phosphorus for
the plant, which is essential for mitigating
salt stress [15].
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Table 2:Effect of Mycorrhiza, Irrigation Water Type, and Compost on Phosphorus

Percentage in Leaves

Interaction / Treatment 00 0o1 02  Interaction Mean (WxM)
Three-way Interaction (WxMxQ)
WOMO HG 043 EF0.53 B0.73 0.56
WOoM1 FG 0.50 CD0.61 A0.87 0.66
W1iMO0 1033 HO041 EO0.54 0.42
wWiM1l G046 F049 CO0.67 0.54
General Mean (O) C043 BO0.51 A0.71 --
Two-way Interaction (WxQ) General Mean (W)
WO C046 BO0.57 A0.80 A0.61
w1 D039 C045 BO0.61 B 0.48
Two-way Interaction (MxQO) General Mean (M)
MO E038 C047 BO0.64 B 0.49
M1 C048 BO0.55 AO0.78 A 0.60
3. Effect of Mycorrhiza, Irrigation 3.10 compared to the rest of the
Water Type, and Compost on Potassium interactions. While the absence of
Percentage in Leaves improvement  factors in  treatment

The table data indicate the presence
of clear significant effects for the
individual treatments and their
interactions. The general means showed
the superiority of level WO by recording
2.54 significantly over level W1, and the
superiority of level M1 with an average of
2.56 over its counterpart MO. Meanwhile,
the third factor recorded an increase with
the increase in concentration, as level O2
achieved the highest general average of
2.76, significantly outperforming the other
two levels. These results were reinforced
when studying the triple interaction, as the
compatibility between the best studied
levels in the interaction WOM10O2 led to
maximizing the trait value to record the
highest rate in the experiment reaching
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W1MO0OOQ led to recording the lowest
average of 1.77, confirming the high
efficacy of the optimal triple combination
in improving the indicators of the studied
trait , This is attributed to changes in the
Cation Exchange Capacity (CEC) and the
presence of humus derived from organic
matter decomposition The high density of
negative charges on the humic surfaces
enables the retention of positive potassium
cations (K"  through electrostatic
attraction , preventing them from leaching
with irrigation water. Due to this
interaction, potassium is released slowly to
the roots as needed, ensuring a sustainable
supply throughout the growing season.
This mechanism likely explains the
superiority of the interaction treatment
(WOM102), which reached 3.10% [18].
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Table 3:Effect of Mycorrhiza, Irrigation Water Type, and Compost on Potassium Percentage
in Leaves

Interaction / Treatment 00 0o1 02  Interaction Mean (WxM)
Three-way Interaction (WxMxO)
WOMO F2.03 ED237 B2.83 B 2.41
WOoM1 D229 C265 A3.10 A 2.68
W1iMO0 G1.77 F203 E227 D 2.02
W1M1 F2.04 D241 B2.85 B 243
General Mean (O) C203 B236 A276 --
Two-way Interaction (WxQ) General Mean (W)
WO C216 B251 A296 A2.54
W1 D190 C222 B2.56 B2.23
Two-way Interaction (MxO) General Mean (M)
MO E190 C220 B2.55 B2.21
M1 C2.17 B253 A298 A2.56
4. Effect of Mycorrhiza, Irrigation level in the experiment at 20.67 , Due to
Water Type, and Compost on the symbiotic carbon cost and source-sink

Carbohydrate Percentage

The table data illustrate noticeable
significant ~ variations  between  the
experiment treatments. The general means
showed the superiority of level W1 by
recording 41.50 compared to level WO,
and the superiority of level MO with an
average of 42.44 over its counterpart M1.
Unlike the previous tables, factor O
showed a descending effect where level
O0 (no addition) achieved the highest
general average of 46.17, and values
decreased significantly with increased
levels in O1 and O2. Consistent with the
effect of individual factors, the triple
interaction produced a clear superiority in
the treatment W1MOOO, which recorded
the highest value for the studied trait
reaching 54.00, occupying the first
statistical rank (A) .In contrast, combining
the levels that recorded the lowest
averages in the combination WOM102 led
to a decrease in the trait value to its lowest
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dynamics, mycorrhizal fungi as
heterotrophic organ-isms rely entirely on
the host plant for carbon and nutrients.
Studies indicate that the fungus consumes
between 10% and 20% of the plant's
photosynthates, In the M1 treatment, a
significant portion of carbohydrates was
translocated from the leaves (source)
toward the roots (sink) to sustain the
extensive fungal network. This reduction
in leaf carbohydrates serves as evidence of
an accelerated metabolic turnover rate, As
previously demonstrated, inoculated plants
exhibit rapid growth, requiring the
oxidation of sugars through cellular
respiration to generate the energy (ATP)
necessary for cell division. Furthermore,
carbon skeletons from sugars

are diverted to synthesize cellulose cell
walls and proteins, thereby preventing
sugar accumulation in the leaves [24].
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Table 4:Effect of Mycorrhiza, Irrigation Water Type, and Compost on Carbohydrate

Percentage
Interaction / Treatment OO0 0o1 02 Interaction Mean (WxM)
Three-way Interaction (WxMxO)

WOMO CD42.33 E34.67 F30.67 B 35.89

WOoM1 D 40.67 G21.67 G 20.67 C 27.67

W1iMO0 A 54.00 AB 49.33 BC 43.67 A 49.00

wWiM1l B47.67 F29.00 F25.33 B 34.00

General Mean (O) A 46.17 B33.67 C30.11 --

Two-way Interaction (WxQ) General Mean (W)

W0 B41.50 D28.17 E25.67 B 31.78

w1 A50.83 B39.17 C34.50 A 41.50
Two-way Interaction (MxQO) General Mean (M)

MO A48.17 B42.00 C37.17 A 42.44

M1 B44.17 D25.33 D 23.00 B 30.83

5. Effect of Mycorrhiza, Irrigation
Water Type, and Compost on Crude Oil
Percentage of Thyme Plant

The data presented in the table
indicate the presence of clear significant
effects for the studied treatments. Level
WO in the first factor excelled, recording a
general average of 3.40 compared to level
W1. The second factor also showed
superiority for level M1 with an average of
3.59 over its counterpart MO. Regarding
the third factor O, a significant increase in
averages was observed with the increase in
level, where O2 achieved the highest
general average of 3.80, differing
significantly from the other levels. This
positive  trend culminated in the
interaction, where the combination that
brought together the best levels WOM102
led to recording the highest value for the
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trait in the experiment reaching 4.47,
occupying the first statistical rank.
Conversely, combining the least effective
levels in the combination W1MOOO led to
a decrease in the average to the lowest
value reaching 1.97.

The mycorrhizal fungi transmit
chemical signals to the host plant
indicating the presence of salinity and
osmotic stress. This triggers the plant to
allocate resources toward the synthesis of
crude oils not merely as secondary
metabolites, but as potent antioxidants and
membrane-protective agents. Due to its
lipophilic nature, the crude oil composition
may contribute to the stabilization of
cellular membranes under salt stress. This
explains the maintenance of high crude oil
content in inoculated plants despite saline
conditions [16].
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Table 5:Effect of Mycorrhiza, Irrigation Water Type, and Compost on Crude Oil Percentage

of Thyme Plant

Interaction / Treatment 00 o1 02 Interaction Mean (WxM)
Three-way Interaction (WxMxO)
WOMO hi2.48 f3.07 d3.52 c3.02
WOoM1 9280 c4.07 a447 a3.78
W1iMO0 jL97 1238 295 d2.43
wWiM1l h2.58 e3.37 b4.25 b 3.40
General Mean (O) c2.46 b3.22 a3.80 --
Two-way Interaction (WxQ) General Mean (W)
WO d2.64 b3.57 a3.99 A 3.40
w1 e228 ¢2.88 b3.60 B 2.92
Two-way Interaction (MxO) General Mean (M)
MO e2.23 d2.73 c3.23 B2.73
M1 d2.69 b3.72 a4.36 A 3.59

Conclusions

Most traits (four out of five) followed a
similar and unified direction in response to
treatments. In the vast majority of results,
level WO excelled over W1 and level M1 over
MO, while factor O had a clear direct effect as
values increased with increasing levels to
reach their peak at O2. This compatibility was
reflected in the triple interaction where the
combination WOM102 was the most efficient
and appropriate to maximize the values of
these traits such as Nitrogen, Phosphorus,
Potassium content, and crude Oil content,
achieving the highest averages with a

In contrast to this general trend, one
trait (Table 4/Carbohydrates) deviated in its
behavior, showing a completely opposite
response where level W1 and MO excelled,
and the best effect was for the zero level OO,
making the combination W1MOOO the highest
for this specific trait. In general, the results
indicate that the fertilizer combination or
composite treatment WOM102 is the optimal
choice for improving most of the vital and
qualitative  indicators  studied in the
experiment, except for the carbohydrate
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significant difference from the rest of the
interactions , In this symbiotic relationship,
the plant relies on fungal hyphae for nutrient
acquisition rather than depleting its energy
reserves (carbohydrates) to develop an
extensive lateral root system. This explains the
observed reduction in root branching in
inoculated plants, contrasted by an increase in
absorptive efficiency and overall productivity.
By outsourcing nutrient uptake to the fungal
network, the plant conserves metabolic
energy, redirecting it toward vegetative and
floral development [1].

percentage trait which showed a different
behavior  requiring opposite  conditions
(W1MO0OQO) to increase it. This indicates that
the plant produced sugars but they were not
used due to the lack of new growth to
consume them, so they accumulated in the
leaves and turned into starch additionally the
plant resorts to accumulating soluble sugars in
vacuolar sap to lower the cell's water potential
which helps it withdraw water from saline soil
and prevent dehydration [10].
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