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Abstract :
This study was conducted in the Tarmiyah region during the year 2024 to investigate the effect of root 

mycorrhizal fungi inoculation at two levels (1 and 2 g/kg soil), along with a control treatment involving 
planting in regular soil only, and the effect of glycine amino acid spraying at two concentrations (150 and 
250 ppm), in addition to a control treatment involving spraying with distilled water only. The study aimed 
to assess some physiological traits and the chemical content of the basil plant (Ocimum basilicum). The 
statistical analysis was performed using a Completely Randomized Design (CRD). The results indicated that 
mycorrhizal fungi inoculation at both levels significantly improved the following traits: plant height (cm), 
number of branches per plant, dry weight of the plant (g), dry matter percentage (%), and chlorophyll a con-
tent (%), respectively. Moreover, the second level of mycorrhizal inoculation (250 ppm) showed superiority 
in the following traits: inflorescence length (cm), chlorophyll b content (%), phenol content (mg/100 g), 
flavonoid content (mg/100 g), alkaloid content (%), glycoside content (%), saponin content (%), and tannin 
content (%), respectively. Regarding the glycine amino acid treatment, spraying at the concentration of 250 
ppm led to significant improvements in the following traits: number of branches per plant, dry weight of the 
plant (g), dry matter percentage (%), inflorescence length (cm), chlorophyll b content (%), phenol content 
(mg/100 g), flavonoid content (mg/100 g), alkaloid content (%), glycoside content (%), saponin content (%), 
and tannin content (%), respectively.
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تأثير التلقيح بفطريات المايكورايزا والرش بالحامض الاميني الكلايسين في بعض 

Ocimum basilicum الصفات الفسلجية والمحتوى الكيميائي لنبات الريحان
محمــد مجيــد محمــد                     خضيــر عبــاس علــي                          محمــد جاســم محمــد
                   الجامعــة العراقيــة                          وزارة التربيــة                                الجامعــة العراقيــة

                         كليــة التربيــة                         مديريــة تربيــة الكــرخ/3                            كليــة التربيــة
مستخلص:

ــزا  ــات المايكوراي ــح بفطري ــن التلقي ــر كل م ــة تأث ــام  2024 لدراس ــال الع ــة خ ــة الطارمي ــث في منطق ــذا البح ــري ه اج
ــة فقــط،  ــة العادي ــة التــي تضمنــت الزراعــة بالترب ــة بالإضافــة الى معاملــة المقارن ــة بمســتويين همــا )1 ، 2( غم/كغــم ترب الجذري
ودراســة تأثــر الــرش بالحامــض الامينــي الكايســين بمســتويين ايضــاً همــا ppm )150 ،250( بالإضافــة الى معاملــة المقارنــة 
التــي تضمنــت الــرش بالمــاء المقطــر فقــط في بعــض الصفــات الفســلجية والمحتــوى لكيميائــي لنبــات الريحــان . اجــري التحليــل 
الاحصائــي باســتعمال التصميــم العشــوائي الكامــل CRD . اظهــرت النتائــج تفــوق المعاملــة بالفطــر بــكا المســتويين بــكل مــن 
صفــات )ارتفــاع النبــات )ســم( ، عــدد افــرع النبــات )فرع/نبــات( ، الــوزن الجــاف للنبــات )غــم( ، النســبة المئويــة للــمادة الجافــة 
ــات  ــن صف ــكل م ــانيppm  )250( ب ــتوى الث ــر بالمس ــة بالفط ــت المعامل ــين تفوق ــع، في ح ــل a % ( بالتتاب ــوى كلوروفي )%( ، محت
ــدات  ــوى الفافونوي ــولات (mg/100gm) ، محت ــوى الفين ــل b )%( ، محت ــوى كلوروفي ــم(، محت ــري )س ــمراخ الزه ــول الش ) ط
(mg/100gm) ، محتــوى القلويــدات )%(، محتــوى الكلوكوســيدات )%(، محتــوى الســابونينات )%( ومحتــوى التانينــات % ( 
بالتتابــع، امــا المعاملــة بالحامــض الامينــي الكايســين فقــد تفــوق الــرش بالمســتوى  ppm)250( بصفــات )عــدد افــرع النبــات 
ــوى  ــم(، محت ــري )س ــمراخ الزه ــول الش ــة )%( ، ط ــمادة الجاف ــة لل ــبة المئوي ــم( ، النس ــات )غ ــاف للنب ــوزن الج ــات(، ال )فرع/نب
كلوروفيــل b )%( ، محتــوى الفينــولات (mg/100gm) ، محتــوى الفافونويــدات (mg/100gm) ، محتــوى القلويــدات )%( ، 

ــع .  ــات % ( بالتتاب ــوى التانين ــابونينات )%( ومحت ــوى الس ــيدات )%( ، محت ــوى الكلوكوس محت
الكلمات المفتاحية : مايكورايزا ، كايسين ، الريحان ، حامض اميني .



222
The Effect of Mycorrhizal Fungi Inoculation and Glycine Amino Acid Spraying on Some Physio-
logical Traits and Chemical Content of Basil Plant (Ocimum basilicum L.)
............................ Mohammed Majeed Mohammed  ,   Khutheir  Abbas Ali  ,  Mohammed Jasim Mohammed

Introduction
Mycorrhiza refers to a group of fun-

gi that form symbiotic associations 
with plant roots, resulting in mutual 
benefits for both the plant roots and 
the mycorrhizal fungi. This symbiosis 
enhances the external root surface area 
for nutrient absorption, facilitating the 
uptake of water, nutrients, and min-
erals from the soil, particularly phos-
phorus. Consequently, this interaction 
promotes plant growth, enhances resis-
tance to soil-borne pathogenic micro-
organisms, and improves tolerance to 
high salinity levels and extreme tem-
peratures. In return, the host plant sup-
plies the fungi with essential energy 
compounds (Abdullah and Noor, 2013; 
Habibzadeh and Abedi, 2014). Sweet 
basil (Ocimum basilicum L.), a mem-
ber of the Lamiaceae family, includes a 
wide range of leafy and aromatic plants 
distributed globally (Paton, 1992). Ba-
sil essential oil is known for its aro-
matic properties, and the composition 
and quantity of its volatile compounds 
vary depending on the geographical lo-
cation of cultivation. The oil contains 
several bioactive compounds, such as 
linalool, estragole (methyl chavicol), 

geraniol, eugenol, methyl cinnamate, 
myrcene, and α-pinene, among others 
(Gaydou et al., 1989). In recent years, 
there has been increasing interest in 
adopting modern agricultural tech-
niques, including foliar nutrition, to 
enhance plant growth. Among these 
advancements is the use of biofertil-
izers, such as phosphorus-solubilizing 
mycorrhizal fungi, to promote plant 
development.

Amino acids are the fundamental 
building blocks responsible for pro-
tein synthesis. These organic carbox-
ylic acids consist of an amino group 
(NH₂), a carboxyl group (COOH), 
and an alkyl group (R), known as the 
side chain, all attached to the α-carbon 
atom. One such amino acid is glycine, 
which plays a crucial role in enhancing 
photosynthesis efficiency by promot-
ing chlorophyll formation and encour-
aging vegetative growth. Furthermore, 
glycine contributes to pollination and 
fruit formation (Baqir et al., 2019).

Based on the aforementioned con-
siderations, this study aims to investi-
gate the physiological effects of my-
corrhizal fungi and glycine amino acid 
on the physiological responses and 
chemical composition of basil plants.
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Materials and Methods
Experimental Site and Design
The experiment was conducted in 

2024 in the Al-Abayji district to study 
the effect of inoculation with two lev-
els of arbuscular mycorrhizal fungi and 
two levels of the amino acid glycine 
on certain physiological traits and the 
chemical composition of basil plants. 
The experiment was designed using 
a Completely Randomized Design 
(CRD) with three replications .

Planting Procedure
Planting was carried out on March 

1, 2024, using plastic pots with a height 
of 30 cm and a diameter of 30 cm. The 
experimental treatments were as fol-
lows:

1. Factor A (Mycorrhizal Inocula-
tion):

This factor included two levels of 
arbuscular mycorrhizal fungi inocula-
tion, in addition to a control treatment 
with regular soil (without inoculation), 
represented as (0, 1, 2) g/kg of soil.

2. Factor B (Glycine Application):
This factor involved foliar spraying 

with two concentrations of the amino 

acid glycine, along with a control treat-
ment using distilled water only, repre-
sented as (0, 150, 250) ppm.

After the experiment concluded and 
the plants reached the maturity stage, 
the following parameters were mea-
sured:

Measured Traits
1. Plant Height (cm):
Plant height was measured from the 

soil surface to the highest point of each 
plant using a measuring tape.

2. Number of Branches (branch-
es/plant):
 The total number of primary
.branches per plant was counted

3. Plant Dry Weight (g):
The plants were placed in perforated 

paper bags and dried in an electric oven 
at 70°C for 48 hours until a constant 
weight was achieved. The dry weight 
of each plant was then determined us-
ing a precision balance.

4. Percentage of Dry Matter (%):
The percentage of dry matter was 

calculated using the following formu-
la:
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5. Inflorescence Length (cm) : 
The length of the floral spike was 

measured from its point of attachment 
to the stem to its terminal end using a 
measuring tape.

6. Chlorophyll Content (Chloro-
phyll a and Chlorophyll b):

The chlorophyll content in fresh 
leaves was estimated following the 
method described by Ranganna (1977). 
A random sample of 0.25 g of fresh 
leaves was collected, chopped, and 
ground using a ceramic mortar in the 
presence of 10 ml of 80% acetone. The 
extract was then separated using a cen-
trifugal device operated at 500 rpm for 
15 minutes.

After centrifugation, 1 ml of the su-
pernatant was transferred to a test tube, 
and the volume was adjusted to 10 ml 
with acetone. The chlorophyll content 
was measured using a spectrophotom-
eter at wavelengths of 663 nm and 643 
nm. The device was initially calibrated 
with acetone as a blank, and readings 
were taken according to the specified 
wavelengths.

The chlorophyll content was calcu-
lated using the following equations:

• Chlorophyll a:
• Chlorophyll b:

Where the constants (2.9, 5.10, 
12.25, and 21.5) are specific coeffi-
cients used in chlorophyll estimation.

7. Estimation of Bioactive Com-
pounds

The analysis was conducted in the 
laboratories of the Ministry of Science 
and Technology - Environment and 
Water Directorate, using a Shimad-
zu 2010 gas chromatography system, 
manufactured in Japan. The system 
was equipped with a flame ionization 
detector (FID) and utilized a capillary 
column of type DM-5Ms, with the fol-
lowing dimensions: 30 m × 0.25 µm × 
0.25 mm.

The injection and detector tempera-
tures were set at 280°C and 340°C, 
respectively. The column temperature 
was programmed to increase gradually 
from 100°C to 300°C at a rate of 10°C 
per minute. Inert nitrogen gas was used 
as the carrier gas at a pressure of 100 
kPa, following the method described 
by Hcini (2013).

This method was employed to esti-
mate the content of various bioactive 
compounds, including:

• Phenolic compounds
• Flavonoids
• Alkaloids
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• Glycosides
• Saponins
• Tannins
The concentrations of these bio-

active compounds were determined 
based on their retention times on the 
separation column, using the following 
sample concentration formula:

 Statistical Analysis
The results were analyzed using a 

simple Completely Randomized De-
sign (CRD) following the method out-
lined by Al-Rawi and Khalaf Allah 
(1980), with the assistance of the SAS 
statistical analysis software. The sig-
nificance of differences among treat-
ments was evaluated using Duncan’s 
Multiple Range Test (DMRT) at a 0.05 
probability level.

Results and Discussion
Plant Height:
The results presented in Table 1 

demonstrate that the second and third 
levels of mycorrhizal fungi inoculation 
(1 and 2 g/kg) significantly increased 
plant height, recording 51.65 cm and 
51.22 cm, respectively, compared to 
the control treatment, which exhibited 
the shortest plant height of 38.15 cm. 
This increase can be attributed to the 

enhanced nutrient uptake efficiency re-
sulting from mycorrhizal colonization. 
The expansion of the hyphal network 
facilitates greater absorption of nutri-
ents, thereby promoting plant growth. 
These findings are consistent with 
those reported by Ali et al. (2007).

Regarding the foliar application of 
the amino acid glycine, no significant 
difference was observed between the 
two application levels and the control 
treatment.

However, the interaction between 
the two factors revealed a significant ef-
fect. The highest plant height of 58.93 
cm was recorded for the interaction be-
tween the second level of mycorrhizal 
inoculation and the control treatment 
(distilled water) for glycine applica-
tion.
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Number of Plant Branches
The results presented in Table 2 in-

dicate that the second and third lev-
els of mycorrhizal fungi inoculation 
significantly increased the number of 
primary branches per plant, record-
ing 8.61 and 8.72 branches per plant, 
respectively, compared to the control 
treatment, which showed the lowest 
number of branches (7.16 branches per 
plant). This increase can be attributed 
to the enhanced nutrient absorption 
efficiency facilitated by mycorrhizal 
colonization. The extended hyphal net-
work significantly increases the root 
absorption area, and the efficiency of 
nutrient uptake by hyphae surpasses 
that of root hairs. This improvement 
positively impacted the plant’s meta-
bolic processes, ultimately leading to 
an increase in branching. These find-

ings align with the results reported by 
Ali (2007).

Moreover, foliar application of the 
amino acid glycine at the second lev-
el resulted in the highest number of 
branches, reaching 9.44 branches per 
plant, while no significant difference 
was observed between the control 
treatment and the first level of glycine 
application, both of which produced 
fewer branches per plant.

Regarding the interaction between 
the two factors, the combination of 
first-level mycorrhizal inoculation and 
second-level glycine application pro-
duced the highest number of branch-
es, with 10.50 branches per plant, 
compared to the interaction between 
the control treatments of both factors, 
which resulted in the lowest number of 
branches (4.83 branches per plant).

Table (1) Plant height (cm)

Factor A
 

A * B    B 
        Ab3 b2 b1

38.15
b

40.30
de

41.96
c-e

32.20
e a1

51.65
a

46.86
b-d

49.16
a-d

58.93
a a2

51.22
a

53.63
ab

47.40
b-d

52.63
a-c a3

46.93
a

46.17
a

47.92
a Factor B
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Plant Dry Weight
The results presented in Table 3 re-

veal that the first and second levels of 
mycorrhizal fungi inoculation signifi-
cantly increased the plant dry weight, 
recording 2.17 g and 2.19 g, respective-
ly, compared to the control treatment, 
which exhibited the lowest dry weight 
of 1.45 g. This increase can be attributed 
to the enhanced absorption of essential 
nutrients such as nitrogen, phosphorus, 
and potassium facilitated by mycorrhi-
zal colonization, ultimately promoting 
vegetative growth and increasing dry 
weight (Kartani and Al-Taie, 2011).

Furthermore, the second level of 
amino acid glycine application resulted 
in the highest plant dry weight, reach-
ing 2.48 g, while the control treatment 
recorded the lowest dry weight of 1.78 
g. This improvement can be explained 

by the role of glycine in enhancing 
cellular capacity to absorb water and 
dissolved nutrients from the growth 
medium, thereby promoting vegetative 
growth and subsequently increasing 
plant dry weight.

The interaction between the two fac-
tors demonstrated a significant effect. 
The combination of the first level of 
mycorrhizal inoculation and the second 
level of glycine application produced the 
highest dry weight of 2.72 g per plant. 
In contrast, the interaction between the 
control treatments of both factors result-
ed in the lowest dry weight, measuring 
0.60 g. This increase can be attributed 
to the synergistic effect of mycorrhizal 
fungi and glycine in enhancing branch 
formation, which in turn increases the 
number of leaves, ultimately contribut-
ing to higher plant dry weight.

Table (2) Number of plant branches (branch/plant)

Factor A
A * B    B 

               A b3 b2 b1

7.16
b

8.33
bc

8.33
bc

4.83
e a1

8.61
a

10.50
a

6.38
d

8.50
b a2

8.72
a

9.50
ab

7.16
cd

9.50
ab a3

9.44
a

7.44
b

7.61
b Factor B
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Percentage of Dry Material  
The results presented in Table 4 in-

dicate that the first and second levels of 
mycorrhizal fungi inoculation signifi-
cantly increased the percentage of dry 
matter, recording 14.92% and 14.90%, 
respectively, compared to the control 
treatment, which exhibited a lower dry 
matter percentage of 12.91%.

Similarly, the second level of amino 
acid glycine application resulted in the 
highest dry matter percentage, reaching 
14.83%, compared to both the control 
treatment and the first level of glycine 
application, which recorded 13.85% 
and 14.06%, respectively. However, 
the difference between these two treat-
ments was not statistically significant.

Regarding the interaction between 
the two factors, the combinations of the 

second level of mycorrhizal inocula-
tion with both the first and second lev-
els of glycine and the control treatment 
with the second level of glycine pro-
duced the highest dry matter percent-
ages of 15.15%, 15.16%, and 15.41%, 
respectively. In contrast, the interac-
tion between the control treatments of 
both factors resulted in the lowest dry 
matter percentage, measuring 10.64%.

The significant increase in plant dry 
weight and the number of branches due 
to mycorrhizal inoculation and glycine 
application contributed to the higher 
dry matter percentage, which reflects 
the enhanced efficiency of the photo-
synthetic process.

Table (3) Plant dry weight (g)

Factor A
A * B     B 

                 Ab3 b2 b1

1.45
b

2.21
c

1.80
d

0.60
f a1

2.17
a

2.72
a

1.31
e

2.49
b a2

2.19
a

2.53
b

1.80
d

2.25
c a3

2.48
a

1.64
c

1.78
b Factor B 
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Inflorescence Length
The results presented in Table 5 

show that the second level of mycor-
rhizal fungi inoculation significant-
ly increased the inflorescence length, 
recording the highest value of 14.38 
cm, while the control treatment pro-
duced the shortest inflorescence length 
of 10.55 cm. This increase can be at-
tributed to the enhanced plant height 
resulting from improved water and nu-
trient uptake facilitated by mycorrhizal 
colonization, ultimately promoting the 
growth of longer inflorescences.

Regarding the amino acid glycine 

application, the second level of foliar 
spraying resulted in the longest inflo-
rescence, measuring 14.22 cm, where-
as the first level of glycine application 
produced a shorter inflorescence length 
of 11.22 cm.

Concerning the interaction between 
the study factors, the combination of 
the first level of mycorrhizal inoculation 
with the control treatment of glycine pro-
duced the longest inflorescence, measur-
ing 15.50 cm. In contrast, the interaction 
between the control treatments of both 
factors resulted in the shortest inflores-
cence length, measuring only 8.0 cm.

Table (4) Percentage of dry material (%)

Factor A 
A * B       B 

        Ab3 b2 b1

12.91
b

14.17
b

13.91
b

10.64
c a1

14.92
a

15.15
a

14.12
b

15.50
a a2

14.90
a

15.16
a

14.13
b

15.41
a a3

14.83
a

14.06
b

13.85
b Factor B 

Table (5) Flower stalk length (cm)

Factor A A * B     B 
             Ab3 b2 b1

10.55
c

14.33
bc

9.33
e

8.0
f a1

13.44
b

14.16
c

10.66
d

15.50
a a2

14.38
a

14.16
c

13.66
c

15.33
ab a3

14.22
a

11.22
c

12.94
b Factor B 
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Chlorophyll a Content
The results presented in Table 6 in-

dicate that the first and second levels 
of mycorrhizal fungi inoculation sig-
nificantly increased Chlorophyll a con-
tent, recording 23.35% and 23.15%, 
respectively, compared to the control 
treatment, which exhibited the lowest 
chlorophyll a content of 18.29%. This 
increase can be attributed to the role 
of mycorrhizal fungi in enhancing the 
absorption of essential nutrients, par-
ticularly magnesium, which is a key 
component of chlorophyll structure, 
thereby increasing the plant’s chloro-
phyll a content.

Regarding the foliar application of 
glycine, the first level of application 
resulted in the highest chlorophyll a 
content, reaching 22.64%, while no 
significant difference was observed 
between the control treatment and the 
second level of glycine application, 
both of which recorded the lowest chlo-
rophyll a content. This outcome can be 
explained by the fact that glycine acts 
as a fundamental building block for 
chlorophyll synthesis within the plant. 
It enhances chlorophyll concentration, 
thereby optimizing the photosynthetic 
process. Additionally, glycine func-

tions as a biostimulant, promoting nu-
trient uptake and enhancing nutrient 
use efficiency. It also serves as a chelat-
ing agent for essential micronutrients 
such as iron, zinc, copper, magnesium, 
and calcium, facilitating their absorp-
tion and translocation within the plant, 
ultimately increasing chlorophyll con-
tent (Kandi et al., 2016).

Regarding the interaction between 
the two factors, the combination of the 
first level of mycorrhizal inoculation 
and the first level of glycine applica-
tion resulted in the highest chlorophyll 
a content, measuring 24.68%, while 
the interaction between the control 
treatments of both factors produced 
the lowest chlorophyll a content of 
17.42%.
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Chlorophyll b Content
The results presented in Table 7 in-

dicate that the second level of mycor-
rhizal fungi inoculation produced the 
highest chlorophyll b content, reaching 
12.32%, while the control treatment 
exhibited the lowest content, measur-
ing 9.94%.

Regarding the foliar application of 
the amino acid glycine, the second lev-
el of glycine application resulted in the 
highest chlorophyll b content, reaching 
12.22%, compared to the control treat-

ment, which recorded the lowest chlo-
rophyll b content of 9.87%.

Concerning the interaction between 
the two factors, the combination of the 
first level of mycorrhizal inoculation 
and the first level of glycine applica-
tion resulted in the highest chlorophyll 
b content, measuring 13.76%. In con-
trast, the interaction between the first 
level of mycorrhizal fungi and the con-
trol treatment of glycine yielded the 
lowest chlorophyll b content, measur-
ing 7.79%.

Table (6) Chlorophyll a content (%) 

Factor A 
A * B      B 

                Ab3 b2 b1

18.29
b

18.12
e

19.33
d

17.42
e a1

23.35
a

23.42
b

24.68
a

21.96
c a2

23.15
a

22.10
c

23.90
ab

23.45
b a3

21.21
b

22.64
a

20.94
b Factor B 

Table (7) Chlorophyll b content (%) 

Factor A
A * B       B 

        Ab3 b2 b1

9.94
c

12.43
b

8.42
de

8.99
d a1

11.46
b

12.83
b

13.76
a

7.79
e a2

12.32
a

11.42
c

12.72
b

12.82
b a3

12.22
a

11.63
b

9.87
c Factor B 
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Content of Bioactive Chemical 
Compounds

The results presented in Tables 8, 9, 
10, 11, 12, and 13 demonstrate that the 
second level of mycorrhizal fungi in-
oculation produced the highest content 
of the bioactive compounds (phenols, 
flavonoids, alkaloids, glycosides, sa-
ponins, and tannins), recording 155.16 
mg/100 g and 118.92 mg/100 g, and 
25.80%, 21.51%, 24.53%, and 12.48%, 
respectively. In contrast, the control 
treatment exhibited the lowest con-
tent, measuring 134.25 mg/100 g and 
95.02 mg/100 g, and 14.83%, 9.10%, 
11.36%, and 5.05%, respectively.

This increase can be attributed to 
the positive effects of mycorrhizal fun-
gi in enhancing plant growth by secret-
ing growth-regulating substances and 
improving the ability of soil microor-
ganisms to fix atmospheric nitrogen. 
Mycorrhizae also play a significant 
role in enhancing the plant’s ability to 
efficiently absorb nutrients from sup-
plemented soil sources. Consequently, 
this increased nutrient uptake stim-
ulates the biosynthesis of bioactive 
compounds in plant tissues, leading to 
their higher accumulation.

Regarding the foliar application of 
glycine, the second level of glycine 

application resulted in the highest con-
tent of bioactive compounds, recording 
155.70 mg/100 g and 119.40 mg/100 
g, and 26.25%, 22.45%, 26.14%, and 
13.75%, respectively. In contrast, the 
control treatment for glycine appli-
cation exhibited the lowest content, 
measuring 134.43 mg/100 g and 94.09 
mg/100 g, and 14.86%, 9.62%, 11.31%, 
and 4.54%, respectively. This increase 
is attributed to the role of glycine in 
stimulating the plant’s physiological 
and metabolic processes, particularly 
photosynthesis, which enhances the 
accumulation of bioactive compounds. 
These findings align with those report-
ed by Salama and Yousef (2015).

Concerning the interaction between 
the two factors, the combination of 
the second level of mycorrhizal inoc-
ulation and the second level of glycine 
application produced the highest con-
tent of bioactive compounds, recording 
166.50 mg/100 g and 130.10 mg/100 
g, and 32.50%, 30.10%, 34.80%, and 
18.86%, respectively. In contrast, the 
interaction between the control treat-
ments of both factors resulted in the 
lowest content of bioactive compounds, 
measuring 125.83 mg/100 g and 85.60 
mg/100 g, and 11.40%, 6.50%, 8.86%, 
and 2.73%, respectively.
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Table (8) Phenols content (mg/100 gm)

Factor A 
A * B     B 

          Ab3 b2 b1

134.25
c

140.46
f

136.46
g

125.83
i a1

147.24
b

160.13
b

149.53
d

132.06
h a2

155.16
a

166.50
a

153.60
c

145.40
e a3

155.70
a

146.53
b

134.43
c Factor B 

Table (9) Flavonoids content (mg/100 gm)

Factor A
A * B       B 

        Ab3 b2 b1

95.02
c

101.60
f

97.86
g

85.60
i a1

109.28
b

126.50
b

112.50
d

88.86
h a2

118.92
a

130.10
a

118.86
c

107.80
e a3

119.40
a

109.74
b

94.09
c Factor B 

Table (10) Alkaloids content (%)

Factor A 
 A * B التداخل    B 

        Ab3 b2 b1

14.83
c

17.40
f

15.70
g

11.40
i a1

21.65
b

28.86
b

22.40
d

13.70
h a2

25.80
a

32.50
a

25.40
c

19.50
e a3

26.25
a

21.16
b

14.86
c Factor B
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Table (11) Glucoside content (%)

Factor A
A * B التداخل    B 

        Ab3 b2 b1

9.10
c

11.40
f

9.40
g

6.50
i a1

17.04
b

25.86
b

17.40
d

7.86
h a2

21.51
a

30.10
a

20.10
c

14.50
e a3

22.45
a

15.63
b

9.62
c Factor B

Table (12) Saponins content (%) 

Factor A 
A * Bالتداخل     B 

        Ab3 b2 b1

11.36
c

13.83
f

11.40
g

8.86
i a1

19.82
b

29.80
b

19.80
d

9.86
h a2

24.53
a

34.80
a

23.60
c

15.20
e a3

26.14
a

18.26
b

11.31
c Factor B 

Table (13) Tannins content (%)

Factor A 
A * B التداخل    B 

        Ab3 b2 b1

5.05
c

6.60
f

5.83
g

2.73
i a1

9.50
b

15.80
b

9.20
d

3.50
h a2

12.48
a

18.86
a

11.20
c

7.40
e a3

13.75
a

8.74
b

4.54
c Factor B
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Conclusions: 
1- There is a significant effect of the 

second level of Mycorrhiza fungi  (2 g/
kg of soil) on most physiological traits.

2- There is a physiological effect of 
the second level (ppm 250) of the ami-
no acid glycine.  

3- A significant response to the con-
tent of active chemical groups with in-
creasing levels of the two factors.
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