Plant Archives Vol. 19No. 1,2019 pp. 1113-1129

e-ISSN:2581-6063 (online), ISSN:0972-5210

EFFECT OF PLANTING DATE, ADDING OF MYCORRHIZA, BIO-
STIMULATORS AND INTERACTIONS AMONG THEM FOR IMPACT ON
SOME VEGETATIVE GROWTH CHARACTERS OF THE STEVIA
REBAUDIANABERTONI CULTIVATED IN IRAQ

Ziena M. Abdul-Qader* and Kareem M. Rabie

Department of Horticulture and Gardening Landscape, College of Agricultural Engineering Sciences,
University of Baghdad, Iraq

Abstract

This experiment was conducted in one of the plastic house in the research station B belonging to Department of Horticulture
and Gardening Landscape, College of Agricultural Engineering Sciences, University of Baghdad for the spring season 2017.
The experiment was conducted according to the Randomized Complete Block Design (RCBD) in the order of Split-Split Plot
Design, with three replicates. The experiment included the planting date factor in the main plots, with two planting dates (15
and 30 March). In the sub-plots, the inoculation treatment with Mycorrhiza fungal (adding the Mycorrhiza fungal to the root
system or without adding it). In the sub-sub-plots included five treatments of bio-stimulators are: The control treatment, The
addition treatment of chemical fertilizer (NPK) to the ground, the foliar spraying treatment on total vegetative with Chitosan
at concentration of (2 ml.L'"), the foliar spraying treatment on total vegetative with bread yeast extract (4 g.L'') and the foliar
spraying treatment on total vegetative with seaweed extract at concentration of (1 ml.L"!). The averages for all study
indicators were compared by a least significant difference (LSD) at the 5% probability level. The results obtained in this study
showed that the first planting date D1 is excelled on the second planting date D2 in all vegetative growth characters and yield
dried leaves. While the treatment of the addition of the fungal Mycorrhiza vaccine (M1) to the root system led to significant
increase in the vegetative growth compared to the control treatment (MO0).The spraying treatment for leaves with seaweed
extract (C4) showed a significant increase in most vegetative growth characters compared with all treatments, While the
spraying treatment for leaves with Chitosan was significantly excelled in the leaves content of a,b and total chlorophyll.
Triple interaction treatment (D1M1C4) showed significant superiority in most vegetative traits, including: plant height, fresh
and dry weight of leaves, number of total leaves for plant, plastic house yield of dried leaves, total leaf area (101.67 cm,
109.67g.plant', 53.20 g.plant',216.67 leaf.plant’, 31.92 kg/plastic house, 29.77 dm?), respectively, while the triple interaction
treatment (D1M1C2) recorded significant excelling on the rest of the treatments in both the leaves content of a,b and total
chlorophyll (4.58,2.29, 6.88 mg.100 g' fresh weight), respectively.

Key words : Planting date, mycorrhiza, chitosan, seaweed extract and yeast extract.

Introduction

Stevia rebaudiana Bertoni plant is considered one
of the important medicinal plants belonging to the
Asteraceae family (Mubarak et al., 2008). Scientific
sources indicate that the native habitat of Stevia
rebaudiana Bertoni is South America, specifically east
of Paraguay and Brazil (Ahmed et al., 2011). It is widely
used commercially in the food and pharmaceutical
industries. The medicinal significance of this plant is due

*Author for correspondence : E-mail : ziena73mohammed@gmail.com

to high content for its leaves from a group of very sweet
compounds free from calories, called the steviol
glycosides, which are extracted and purified from leaves
of this plant. Among the most important compounds that
steviol glycosides included , Steviosids and Rebaudioside
A compound (Varanuj and Chatchai, 2009; Ahmed et al.,
2011; Farooqi and Sreeramu, 2004). The medical
significance of Stevioside and Rebaudioside A is due to
the many pharmaceutical and therapeutic properties they
possess (Goyal and Samsher, 2010; Pemba and Sharangi,
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2016), due to the importance of this plant, it is necessary
to increase its growth and production by adopting
environmentally friendly fertilization systems whose use
does not cause damage or side effects, whether on the
plant or the environment. Planting date is considered a
one of the factors determining the growth of Stevia
rebaudiana Bertoni plant and its development in the
presence of the optimal environmental conditions during
the period of plant growth, which are positively reflected
in obtaining the highest rate of growth of the plant and its
yield of leaves (Maheshwar, 2005). The date of transfer
of plants to the permanent field plays a significant role in
determining the quantitative and qualitative traits and
vegetative growth characters for medicinal plants (Khan
et al., 2012) because of the prevailing environmental
conditions which positively or negatively reflect on
vegetative growth characters and formation of active
compounds (Maheshwar, 2005; Khan et al., 2012; Talei
etal.,2012). Beement (2012) found that the best planting
date for cultivating of S. rebaudiana Bertoni plant in
Ethiopia, which their temperatures ranging from 6-25°C
during the seedling stage after transfer to the permanent
field, although the plant can grow during its advanced
stages of vegetative growth (6-25°C) in the same country.
The reason for this was that the temperature of 6-25°C
was optimal for the beginning of seedling growth in the
field, which was positively reflected in the increase in
vegetative growth indicators (plant height, fresh and dry
weight of leaves, number of leaves, stem diameter,
concentration of total chlorophyll) and thus increase the
dry yield of leaves. Several studies have found that the
inoculating root of many medicinal plants with mycorrhiza
work to improve the growth of these plants, biomass and
yield by adding nutrients for plant and producing growth
regulators as well as improving soil fertility by adding
and synthesizing nutrients in the soil where the host plant
grows (Hoseini et al., 2015; Earanna, 2007; Hemavathi
et al., 2006). The reason of this attributed as a result of
what Mycorrhiza fungus is causing the colonization of
the root zone for the plant, resulting in a marked balance
between the root system and total vegetative due to an
increase in the absorption of water and nutrient elements
necessary for growth, which is positively reflected in
improving growth and increasing biomass (Harrier and
Sawczak, 2000; Singh et al.,2000; Rai et al.,2001; Varma
et al., 2001; Kumari et al., 2003; Waller et al., 2005).
Wu and Xin (2006) found that the Mycorrhiza fungus
vaccine worked on an increase in the rate of
photosynthesis in plants that their roots treated with it.
As well as the treatment of seedlings Medicinal plants
with Mycorrhiza fungus works to increase the content of
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fresh leaves from chlorophyll (Kaschuk et al., 2009;
Vafadar et al., 2014) as the work of the Mycorrhiza
fungus to produce substances such as hormones stimulate
the production of active compounds to stimulate the
production of Stevioside and Rebaudioside A (Mandal et
al., 2013; VAfadar et al., 2014). Plant bio-stimulators
are divided into two forms: either naturally created such
as amino acids, yeast extract, seaweed extract, Chitosan,
hormones and plant growth regulators or artificially
synthesized such as synthetic hormones, phenolic
compounds, inorganic salts and essential elements (Rafiee
et al.,2016). Several studies have indicated that spraying
the total vegetation of plant with seaweed extract is of
great benefit to the plant by giving a significant increase
in vegetative growth indices (Saif-Eldeen et al., 2014;
Fayza et al., 2015; Salama et al., 2016). The reason for
this is attributed to the content of the seaweed extract on
micro and macro mineral elements, hormone-like
substances such as Sterols, Polyamines, Cytokinines,
Gibberellin, Auxins and Abscisic Acid as well as containing
anti-stress and anti-oxidative substances and internal gene
organizations that Self-response to stress (Craigie, 2011;
Calvo et al., 2014). The use of foliar spraying for plants
with chitosan increases the photosynthesis process, which
reflects positively on the occurrence of an increase in
vegetative growth indicators instead of stimulating the
growth and activity of some beneficial microorganisms
found in soil such as Mycorrhiza (Murphy et al., 2000;
Kim et al., 2005; Lowe et al., 2012). The spraying of
leaves with chitosan improves the transmission of nitrogen,
which is an important element in the formation of the
chlorophyll molecule, Which is considered one of the bio-
synthesis centers of Steviol glycosides (SGs) (Gornik et
al., 2008; Guan et al., 2009). Due to the absence of
previous studies on the cultivation of Stevia rebaudiana
Bertoni. plant in Iraq and the importance of medicinal
plants and the important role of these factors in impact
of vegetative growth, this study aims to demonstrate the
effect of the planting date and Mycorrhiza and bio-
stimulators and the interaction between them in vegetative
growth indicators and yield from dried leaves of Stevia
rebaudiana Berton plant cultivated in Iraq.

Materials and Methods

The experiment was conducted in one of the plastic
house in the research station B belonging to Department
of Horticulture and Gardening Landscape, College of
Agricultural Engineering Sciences, University of Baghdad
for the spring season 2017 according to the Randomized
Complete Block Design (RCBD) in the order of Split-
Split Plot Design, with three replicates where resulted
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from treatments and their replicates 60 experimental units.
The soil of the plastic house was prepared from conducting _ 3
tillage, smoothing and leveling. The soil was divided into E |z E —.’b‘n = §
a width of 0.50 m and a height of 0.30 cm and a length of S |¢ e Slelgalde
9 m. A distance of 4 m was left between the rows and 1 o 3 § 2 3 S
m between the experimental units within the single raw. = = § S |S E =
Nine samples were taken from different locations of the o f = f g ~§ § %0 §
house soil. The analysis was carried out to determine the SEla | |5 (R I€ E 2
physical, chemical and biological traits for the soil of plastic g 2 “ R = <
house as shown in table 1. The seedling was obtained % o %
from the plants of tissue culture for Siembra primavera — —
cultivar. The seedlings were cultivated in seedling trays E —'_Qn - £ g £
and then were adapted inside Lath house prepared for S ., |§’ E o e 5 E 2
this purpose until they became seedlings at the age of 6 'E g “eE |~ S T =
weeks. Transfer process for those cultivated seedlings ; ‘é z 'g 2 g § é
were conducted from inside the plastic trays to the land ° g = S g_
of the plastic house where the plants were planted with £ _ “: § ;'E_ é e
double lines. The distance between one plant and another = En - |EE _ z = ° <
within the single line was 0.20 m. The drip irrigation % o0 | Id”% Z | = % é =
system was used for irrigation and the agricultural service E g © 'g - =
operations were conducted in a uniform manner for all ©
treatments. The location was equipped with a device to f= —:
measure the temperature and humidity inside the = T E-, 2|
protected house and the non-woven polypropylene spun % -:‘n Qo= |2 E
bounded (with thickness 17 GSM and 3% UV) was added = E Lm) g C; =
with height 2.5 cm from the plant (Santosh et al., 2017) a g T 3 =
to reduce the temperature and solar radiation as shown = § E‘ §
in table 2, the house was equipped with a device to T g g - % 58
measure soil temperature inside the house. s |8 % == E S

The experiment included three factors. The planting é 8 > '%
dates factor represents the main plots with two planting f;j ©
dates (15, 30) March, which is symbolized by (D1, D2). = —:
The sub-plots include the inoculation treatment with fungal S E _ B £l
Mycorrhiza by two treatments: The adding of the § ) 2 |2 gg S
Mycorrhiza fungal vaccine to the root system or without 2 = 'g =
adding it which is symbolized by (M1, M0). A 15 g.plant g ® 2
"of Mycorrhiza fungus (Glomus mossea) in pit in contact }:, = E
with the roots of the seedlings with the addition (250 8 =z g C s
g.plant™) of sterilized peat moss according to the method i E SF=2 i 2 =
mentioned by Abdel-Fattah et al. (2013). The number of & % |z E ot “
spores for Mycorrhiza vaccine loaded on the soil (51 AR g %D
spore.g™!' soil). The sub-sub-plots include the bio- 5|5 = o o
stimulators, with five treatments: the control treatment E‘ ? gl = f. %‘
and The addition treatment of chemical fertilizer (NPK) AN h o0 é §. a
to the ground where this fertilizer was added as E) “ YN = 2
recommended by Aladakatti et al. (2012) with some ° O~ g
modification in the percentage of phosphorus element 8 o g
where the amount of phosphorus was reduced from 150 E* E 8
to 100 kg.ha'!' for presence the treatment with the - i o~
Mycorrhiza fungus, the NPK availability (Joud smartfert) z, = E
is given with a fertilizer combination (300: 100: 100 Kg.ha E @ @z
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1. Table 3 shows the components of the
fertilizer combination of NPK, which
divided into batches along the plant
growth stages. The foliar spraying
treatment on leaves with Chitosan at
concentration of (2 ml.L"), The first
spraying was given after the first week
of cultivation of seedlings, and the
remaining three sprayings were repeated
after every 15 days during the growing
season (Saif-Eldeen ef al., 2014). Table
4 shows the content of the Chitosan in
the plant care fertilizer produced by Al-
Khdraa Reef and the foliar spraying
treatment on total vegetative with bread
yeast extract at a concentration of (4
g.L"). The treatment was done by
spraying the first spraying after one
month of cultivating the seedlings in the
protected house. The second spraying
was given to the plants after month of
the first spraying (Salama et al., 2016).
The bread yeast extract was prepared
in the fungus laboratory belonging to the
Medicinal and Aromatic Plants Research
Unit according to the method described
by Cualutz et al. (1977). Table 5 shows
the ingredients of the dry bread yeast
extract and produced by Turkey’s
Lesaffre Company, according to the
analysis of the components of bread
yeast by Al-Dulaimi (2012) and the
spraying treatment of the total vegetable
with seaweed extract at a concentration
of (1 ml.L"") where it was added to
plants specified to the treatment of
seaweed, with two sprayings: The first
spraying was one month after cultivating
the seedlings in the protected house. The
second spraying was given to the plants
after one month of the first spraying
(Salama et al., 2016). Table 8 shows the
components of seaweed extract, the
treatments are symbolized by (CO, Cl1,
C2, C3, C4). The results were
statistically analyzed by use of the
statistical program Gestate and the
averages of all traits were compared
according testing the least significant
difference (LSD) at the 5% probability
level (Al-Rawi, 1980).

Table 2 : Maximum and minimum temperatures (C), relative humidity (%) inside and outside the protected house and the average number of hours of solar brightness outside

the protected house and the temperature of the soil inside the protected house.
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* (2) represents the average of the second ten days of the month.

* (3) represents the average of ten to eleven days, the third of the month and according to the Gregorian calendar.

* (1) represents the average of the first ten days of the month.

** The maximum and minimum temperatures, relative humidity and solar brightness outside the protected house from the Ministry of Transport and Communications /

Department of Meteorological in Baghdad for the year 2017 of station 650.
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Table 3 : Sources of active elements constituents for Joud SmartFert fertilizer,

Element its composition | Element

its composition

Element its composition

N Urea P

P,0, K K,0

Table4 :Ingredients of dry bread yeast (Sacchromyce
cervisiae) produced by Turkish company Lesaffre
(Vanik et al.,200142).

No.| Amino acids (mg.g™") | 2- K 0.18
1- Glycine 0.103f 3-| Na 0.12
2- Alanine 0132| 4| Mg (%) | 010
3- Valine 0312| 5- Ca 0.04
4 Leucine 0067| 6| Mn 5.69
5- Isoleucine | 0421| 7- Zn 69.5
6- | Aspartic acid | 0274 8| Cu (mg.g")| 12.78
7- | Glutamicacid | 0367| 9- Fe 305
8 Serine 0.523 | No. Vitamins (mg.g")

9- Threonine 0206 | 1- VitB1 0.163

10- Tyrosine 0031 | 2- VitB2 0.054
11- | Phenyl alanine | 0.116 | 3- VitB6 0019
12- Proline 0.041 | 4 | Pantothenic acid | 0.058
13- Arginine 0073 | 5 Biotin 0.091
14- Lysine 0089 [ 6 Niacin 0.112
15- Cysteine 0025 7- Inositol 0372
16- | Methionine |0.012 [No.| Other ingredients ( % )
17- Histidine 0078 1- | Total Nitrogen | 7.69
18-| Tryptophan | 0020| 2- | Carbohydrate 547

No. | Mineral composition | 3- Ash 1351
1- P% 094 | 4 Water 47

with the 10-day bio-stimulators, then the average was
calculated.

The average of Plant height (cm)

It was measured by using the measuring tape from
the surface of the soil to the top of the plant after the end
of the spraying treatments for the total vegetation of each
plant of the measured experimental unit and calculate
the average.

The average of fresh weight for leaves (g)

It was calculated for each plant of experimental unit
and then the average was calculated.

The average of dry weight for leaves (g.plant’)

The leaves of the plants were dried at the temperature
in the ventilated room belonging to the Research Unit of
the medical and aromatic plants after they were placed
on pasteboard with the process of flipping the samples
from one period to another until the total drought and the
stability of the weight, then the dry weight of each plant
of experimental unit was measured and calculate the
average.

Average number of leaves per plant (leaf.plant?)

It was calculated for each plant of experimental unit
and then the average was calculated.

Table S : Components of plant care liquid fertilizer and produced by Al-Khdraa Reef.

Active components Proportion | Active components | Proportion
Chitosan (multiple amino acids) 25(g.L'h Total Nitrogen 50 (g.LY)
Organic matter, vitamins and micro-elements | 14 (g.L'") PO, 40 (g.L')
Table 6 : Ingredients of seaweed extract (Alga Star). The yield of plastic house of the dried leaves on
. . 1
Active Proportion Active Proportion the basis of its area (kg.house™)
components components It was calculated based on the area of the plastic
N 1% Alginic acid 10% house, which dimgnsiong 9 x 54 m?, which was thg total
0 . 159 number of plants in which was 600 plants according to
K0 8% Organic matter 3% the following equation:
Sulfur 3.1% Nit:rl?llil:;‘:th 45% The yield of plastic house from dried leaves
g (kg.house™") = the average of Plant yield from dry leaves
Peptin 3.1% vitamins 3.1% x Total number of plants inside the plastic house
Mannitol 3.1% (Mohammed, 2016).

Studied traits
Traits of vegetative growth

Five plants were randomly selected from the middle
line of the cultivation to measure the traits of vegetative
growth and after completion of the spraying treatments

Average of leaf area (cm?)

Ten leaves were selected randomly for each plant,
starting from the bottom of the plant to its upper end, the
average area of the one leaf was calculated and then
multiplied by the number of leaves per plant. The leaf
area was calculated for five plants selected from each
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experimental unit. The scanner was used by the Digimizer
program loaded on a Dell computer and according to the
method described by Smith and Read (1997), then
calculated the result according to the following equation:

The leaf area of the plant (ds?)

_ The average area of the one leaf

- x100
Number of leaves per one plant

Estimation the content of total chlorophyll, a, and b
in fresh leaves (mg. 100 g' fresh weight)

The content of total chlorophyll, a and b for fresh
leaves was estimated at the Nutrition Lab belonging to
Horticulture and Garden Landscape after the full leaves
were selected from the plants of measured experimental
unit. The concentration of chlorophyll a, b and total (after
the completion of spraying treatments with bio-
stimulators) was determined according Goodwin
(Goodwin, 1976) method. The light absorption of the
sample was then read by a spectrophotometer on 668
nm and 645 nm wavelengths, followed by the
concentration of chlorophyll (mg.L') according to the
following equation (Goodwin, 1976):

Chlorophyll a (mg.L") = 12.7D(663)-2.69D(645)
Chlorophyll b (mg.L) = 22.9D(645)-4.68D(663)

Total chlorophyll (mg.L') = {20.2D(645) + 8.02D
(663)}.

D = reading the obtained chlorophyll photovoltaic
density at wavelengths 663 and 645 nm. It was then
converted into (mg. 100 g fresh weight).

Results and Discussion
Results
The average of plant height (cm)

Table 7 indicates that there is a significant effect of
the planting date in the average of plant height. The
addition of Mycorrhiza fungal vaccine M1 showed a
significant excelling on the treatment of without the
addition of the Mycorrhiza fungal vaccine MO to the root
system of (87.17, 74. 19 cm), respectively. The bio-
stimulators treatment C4 (seaweed extract) was excelled
on all the bio-stimulators treatments where recorded the
highest average of plant height of 89.31 cm, while the
control treatment CO (spraying with distilled water only)
recorded the lowest plant height of 64.69 cm. The same
table shows significant differences for bi-interaction
between the planting date treatments and the Mycorrhiza
fungal vaccine (D x M), where the interaction between
the first planting date and the addition of the Mycorrhiza
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fungal vaccine (D1M1) recorded the highest average
plant height (90.73 cm) compared to the interaction
between the treatment of the second planting date and
without the addition of the Mycorrhiza fungal vaccine
(D2MO0), which recorded a marked decrease in all the
plant height of (69.62 cm). The interaction between the
first planting date and the spraying with the bio-stimulators
(DxC) was significantly affected, where the interaction
treatment between the first planting date and the spraying
with the bio-stimulators (seaweed extract) D1C4 gave
the highest average for the plant height (94.17 cm) while
the interaction treatment between the second planting
date and the spraying with distilled water only (the control
treatment) D2CO0 recorded the lowest plant height (60.38
cm).The bi-interaction between the mycorrhiza fungal
vaccine and bio-stimulators (M4C, M1C) showed a
significant excelling, Where M1C4 treatment was
characterized by recording the highest average of plant
height (96.80 cm), while the bi-interaction treatment
(MOCO0) recorded a significant decrease in the plant height
(60.26 cm) as shown in table 7. The results of the triple
interaction between the study factors showed the
significant excelling in the plant height, where the
treatments of DIM1C4, DIM1C3 and DIM1C2 were
excelled by giving them the highest plant height of (101.67,
100.17,99.50 cm), respectively, compared to the treatment
D2MOCO0, which recorded a marked decrease in plant
height of (52.43 c¢cm) as shown in table 7.

Average of fresh weight for leaves of plant
(gm.plant™)

Table 8 shows the existence of a significant
difference between the treatments of the single study
factors, individually in the rate of soft weight of plant
leaves. The first date D1 differed from the second date
D2 by giving it the highest average weight of (94 g.plant
") compared to the second date D2, which recorded (92.28
g.plant!).The treatment of the addition of the Mycorrhiza
fungal vaccine M1 was excelled on the non-addition of
the Mycorrhiza fungal vaccine MO in the trait of average
of fresh weight for leaves, which gave (97.29, 88.99
g.plant™'), respectively. The treatments of the bio-
stimulators showed significant differences between them.
The treatment of C4 was excelled by giving it the highest
average of fresh weight for leaves of plant (102.57
g.plants™') compared to CO (control treatment), which
recorded a significant decrease in the fresh weight of
leaves by giving it (80.35 g.plants™) as shown in table 8.
Bi-interaction treatments for the study factors was
significantly affected the trait of the fresh weight of
leaves. Both DIM1 and D2M]1 treatments were
characterized by recording the highest average of fresh
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Table 7 : Effect of planting dates, Mycorrhiza and bio-stimulators in average of plant height (cm).

Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co Cc1 C2 a3 4
DI MO 68.00 | 75.17 | 8030 | 86.67 | 86.67 78.76
M1 70.00 | 8230 | 99.50 | 100.17 | 101.67 90.73
-~ MO 5243 | 71.67 | 7243 | 7460 | 7697 69.62
M1 6833 | 79.17 | 90.00 | 88.67 | 91.93 83.62
Effect of planting
dates D
Interaction (Planting dates x D1 69.00 | 7873 | 899 | 9192 | 94.17 84.74
Bio-stimulators) Dx C D2 6038 | 7547 | 8122 | 81.63 | 8445 76.62
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 6022 | 69.17 | 7637 | 79.13 | 81.82 74.19
vaccine x Bio-stimulators) M x C M1 7342 | 80.73 | 9475 | 9442 | 96.80 87.17
Effect of Bio-stimulators C 64.69 | 77.08 | 8556 | 86.78 | 89.31
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
7233 5.116 5116 | 5992 | 3617 4237 3.608
Table 8 : Effect of planting dates, Mycorrhiza and bio-stimulators in average of fresh weight for leaves of plant (g.plant™).
Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co Cc1 C2 a3 4
Dl MO 7483 | 8633 | 93.67| 94.00 | 9720 89.21
M1 8733 | 9550 | 98.83 | 102.67 | 109.67 98.80
o MO 7357 | 84.00 | 9233 | 94.67 | 9930 88.77
M1 85.67 | 9033 | 10033 98.50 | 104.10 95.79
Effect of planting
dates D
Interaction (Planting dates D1 81.08 | 9092 | 9625 | 98.83 | 10343 94.00
x Bio-stimulators) Dx C D2 79.62 | 8717 | 9633 | 96.58 | 101.70 92.28
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 7420 | 8517 | 93.00 | 9453 | 9825 88.99
vaccine x Bio-stimulators) M x C M1 86.50 | 9292 | 99.58 | 100.58 | 106.88 9729
Effect of Bio-stimulators C 8035 | 89.04 | 9629 | 9746 | 102.57
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
8.074 5.709 5709 | 6239 | 4037 4412 1.662

weight of (98.80, 95.79 g.plants™'), whileboth DIM0O and ~ average of fresh weight for leaves amounted of (103.43
D2MO recorded the lowest average of fresh weight for  g.plants™), while DICO and D2CO treatments recorded
leaves (89.21.88.77 g.plants™). Bi-interaction treatment  the lowest average of fresh weight amounted of (81.08,
D1C4 was characterized by recording it the highest  79.62 g.plants?). The M1C4 interaction treatment was
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excelled on the other bi-interaction treatments by
recording it the highest fresh weight for leaves (106.88
g.plant!') compared to the treatment MOCO, which
recorded a decrease in the fresh weight of the leaves for
the plant (74.20 g.plant') as shown in table 8. Triple
interaction treatments between the study factors (M x C
x D) showed significant differences in the trait of fresh
weight for leaves of plant. The treatment of D1IM1C4
was excelled on the rest of the treatments by giving the
highest fresh weight of leaves for plant (109.67 g.plant’
", While the triple interaction treatments (D1MOCO and
D2MO0CO0) recorded the lowest averages fresh weight
for leaves (74.83, 73.57 g.plant!), respectively as shown
in table 8.

Dry weight for leaves of plant (g.plant™)

Table 9 shows the significant effect of planting dates
in the trait of dry weight for leaves of plant, where the
first planting date D1 was excelled on the second planting
date D2 in the average of dry weight for leaves of
plant, which amounted of (46.12, 42.31 g.plant™),
respectively. While the treatment of the addition of
Mycorrhiza fungal vaccine to the root system of plant
M1 was significantly excelled on the non-addition of the
Mycorrhiza fungal vaccine MO, which amounted of
(45.73, 42.31 g.plant™), respectively. The spraying
treatment of with the bio-stimulators (seaweed extract)
C4 showed a significant excelling on all treatments, which
recorded the highest dry weight for leaves of plant
amounted of (50.30 g.plant!) compared to the spraying
treatment with distilled water only C0, which recorded a
significant decrease in the dry weight of leaves was (34.98
g.plant'). As for the bi-interaction treatments, the
interaction treatment between the first planting date and
the addition of the Mycorrhiza fungal vaccine (DIM1)
was significantly excelled by giving it the highest dry
weight of (47.67 g.plant '), while the interaction treatment
between the second planting date and the non-addition
of the Mycorrhiza fungal vaccine for the root system
D2MO recorded the lowest average of dry weight for
leaves was (40.85 g.plant™). The effect of bi-interaction
between the planting dates and the bio-stimulators was
significant in all treatments, where the bi-interaction
treatment between the first planting date and spraying
with the bio-stimulator (seaweed extract) D1C4 was
excelled by recording the highest dry weight of (51.70
g.plant') compared to the bi-interaction treatment
between the second planting date and the spraying of the
total vegetative with distilled water only D2CO0, where a
significant decrease in the average of dry weight for the
leaves amounted of 33.30 g.plant™'. The interaction
treatments between the Mycorrhiza fungal vaccine and
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the spraying with bio-stimulators on the total vegetative
were significantly affected in all treatments (M x C).
The M1C4 treatment was significantly characterized in
the trait of the average of dry weight for the leaves which
amounted of (51.15 g.plant') compared to the bi-
interaction treatment MOCO, which recorded the lowest
dry weight for leaves was (32.62 g.plant'). The triple
interaction treatments between planting date, Mycorrhiza
fungal, and the spraying with bio-stimulators (D x M x
C) had a significant effect on all treatments. Where the
triple interaction treatments between the planting date,
the addition of the Mycorrhiza fungal vaccine to the total
vegetative and the spraying with seaweed extract
DIMI1C4 was significantly excelled on the rest of the
treatments where recorded the highest dry weight
amounted of (53.20 g.plant™), whilethe D2MOCO treatment
recorded the lowest dry weight 029.83 g.plant™.

Average number of leaves per plant (leaf.plant?)

Table 10 indicates that there are significant differences
between the treatments of the single study factors in the
trait of the average total number of leaves in the plant.
The first planting date D1 was significantly excelled by
recording the highest average of the total number of
leaves for the plant which amounted of (160.37 leaf.plant
1. While observed a decrease in the totalnumber of leaves
for the second planting date D2 (138.87 leaf.plant!). The
M1 treatment showed significant excelling by giving it
the highest average of total number of leaves of (169.21
leaf.plant') compared to the MO treatment, which
recorded the lowest average of the total number of leaves
in the plant reached (130.04 leaf.plant'). The C4
treatment was characterized by giving it the highest
average of total number of leaves in the plant (185.26
leaf.plant') compared with the control treatment CO
which showed a significant decrease in the total number
of leaves for the plant reached (111.26 leaf.plant™) as
shown in table 10. Bi-interaction treatments for the study
factors showed a significant differences in the trait of
number of leaves for the plant. Both the D1M1, D1C4
and M1C4 bi-interaction treatments excelled by recording
it the highest number of leaves for plant of (183.40, 191.67,
198.84 leaf.plant™), respectively. while D2MO0, D2C0 and
MOCO treatments showed a significant decrease in the
total number of leaves for plant (127.33, 95.17, 82.84
leaf.plant), respectively as shown in table 10. The
DIMI1C4 treatment was characterized by giving it the
highest average of the total number of leaves of (216.67
leaf.plant™) compared to the D1MOCO0 and D2MOCO triple
interaction treatments, which showed the lowest average
of total number of leaves of (90.67, 75.00 leaf.plant),
respectively as shown in table 10.
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Table 9: Effect of planting dates, Mycorrhiza and bio-stimulators in average of dry weight for leaves of plant (g.plant™).

Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co C1 C2 C3 4
DI MO 3540 | 42.67 | 46.60 | 4793 | 5020 44.56
M1 3793 | 4723 | 50.67 | 4933 | 5320 47.67
-~ MO 2083 | 36.17 | 4403 | 4550 | 48.70 40.85
M1 3677 | 3917 | 4817 | 4570 | 49.10 43.78
Effect of planting
dates D
Interaction (Planting dates D1 36.67 | 4495 | 4863 | 48.63 | 517 46.12
x Bio-stimulators) Dx C D2 3330 | 37.67 | 46.10 | 45.60 | 4890 4231
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 3262 | 3942 | 4532 | 46.72 | 4945 4270
vaccine x Bio-stimulators) M x C M1 3735 | 4320 | 4942 | 4752 | 51.15 4573
Effect of Bio-stimulators C 3498 | 4131 | 4737 | 47.12 | 5030
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
2.89%4 2049 2049 | 1901 | 1447 1344 1.849
Table 10 : Effect of planting dates, Mycorrhiza and bio-stimulators in average of number of leaves per plant (leaf.plant™).
Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co C1 C2 C3 4
DI MO 90.67 | 130.33 | 144.00| 155.00 | 166.67 13733
M1 150.00 | 175.00 | 191.67| 183.67 | 216.67 183.40
-~ MO 75.00 | 119.00 | 138.33| 146.67 | 157.67 12733
M1 12033 | 143.67 | 179.00| 168.00 | 185.00 155.00
Effect of planting
dates D
Interaction (Planting dates x D1 12034 | 152.67 | 167.84| 16934 | 191.67 160.37
Bio-stimulators) Dx C D2 95.17 | 131.34 | 150.17| 150.84 | 166.84 138.87
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 82.84 | 122,67 | 137.17| 147.84 | 159.67 130.04
vaccine x Bio-stimulators) M x C M1 132.67 | 161.34 | 180.84| 17234 | 198.84 169.21
Effect of Bio-stimulators C 11126 14576 | 166.51 | 166.59| 185.26
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
25070 17.610 17610 | 24900 | 12450 17.730 20.770

The average yield of the plastic house of dry leaves  dry leaves based on the area of the house. The first
on the basis of its area (kg.house™) planting date of D1 was excelled by giving it the highest

Table 11 shows that there is a significant effect of ~ yield from dry leaves amounted of (27.68 kg.house™),
planting dates in the trait of the yield of plastic house for ~ While the second planting date D2 recorded a decrease
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in the yield of dry leaves of (26.02 kg.house™). The
addition of the Mycorrhiza fungal vaccine had a significant
effect in the same trait, where the treatment of adding
the Mycorrhiza fungal vaccine M1 to the root system
was significantly excelled by giving it the highest yield of
dry leaves of (27.87 kg.house), while the treatment of
the non-addition of the Mycorrhiza fungal vaccine to the
root system MO recorded a decrease in the same trait
above amounted of (26.40 kg.house™). The treatments
of spraying total vegetative with bio-stimulators. The C4
treatment was significantly characterized by recording it
the highest average of total yield from dry leaves in plastic
house of (30.66 kg.house™'), while CO treatment recorded
a decrease in the average of total yield from dry leaves
in the plastic house reached (21.48 kg.house™') as shown
in table 11. The bi-interaction treatments of DIM1,D1C4
and M1C4 showed a significant increase by giving it the
highest yield of plastic house from dried leaves of (28.62,
31.02, 31.14 kg.house™), respectively. The bi-interaction
treatments of D2MO0, D2C0O and MOCO showed a
significant decrease in the average yield of dry leaves
for plastic house (24.86, 20.05, 19.96 kg.house™),
respectively as shown in table 11. The results of the same
table showed a significant excelling for the triple
interaction treatment D1M1C4 by giving it the highest
average of total yield of the dry leaves for the plastic
house amounted to (31.92 kg.house™') compared with the
triple interaction treatment D2MOCO, which recorded the
lowest average of the plastic house for dry leaves (18.85
kg.house™) as shown in table 11.

Average of total leaf area (dm?)

Table 12 shows that there is a significant effect of
planting dates in the percentage of total leaf area. The
first planting date D1 was significantly excelled on the
second planting date by giving it the highest average of
the total leaf area of 21.72 dm?, while the second planting
date D2 recorded the lowest average of the total leaf
area of 18.80 dm?. The Mycorrhiza vaccine was
significantly affected in the same trait where the treatment
of the addition of Mycorrhiza vaccine M1 was
significantly excelled on the non-addition of the
Mycorrhiza fungal vaccine to root system of plant MO
(22.33, 18.19 dm?), respectively. The spraying treatment
with bio-stimulators (seaweed extract) C4 was
significantly excelled on the other bio-stimulators
treatments by giving it the highest average of total leaf
area of (26.57 dm?) compared to the spraying treatment
with distilled water only (control treatment) C0O, which
recorded a significant decrease in the average of total
leaf area (11.58 dm?). The bi-interaction treatment
between the planting date and Mycorrhiza (DxXM) was
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significantly affected, the bi-interaction treatment DIM1
was characterized by recording it the highest average of
total leaf area amounted (24.11 dm?) compared to D2MO
and D1MO treatments, which recorded the lowest
averages of total leaf area of (17.05, 19.31 dm?),
respectively. The interaction treatment in the same table
between planting date and spraying with bio-stimulators
(D x C) showed a significant effect evident in the same
trait above Where the D1C4 treatment was significantly
excelled in the total leaf area amounted of (28.86 dm?),
while D2CO0 bi-interaction treatment recorded the lowest
average of the total leaf area of 9.84 dm* Both M1C2,
M1C4 and MOCA4 bi-interaction treatments were excelled
by recording it the highest total leaf area of (27.99, 27.05,
26.08 dm?) compared to the bi-interaction treatments of
MOCO, which recorded a decrease in total leaf area of
(9.63 dm?) as shown in table 12. The triple interaction
treatments between the planting dates, the Mycorrhiza
fungal vaccine and the bio-stimulators treatment showed
a significant effect represented by the superiority of both
the DIM1C2 and D1M1C4 triple interaction treatment,
which had a significant effect on the recording of the
highest total leaf area of (29.93, 29.77 dm?). While the
D3M1C0, DIMOCO and D2MOCO triple interaction
treatments recorded a decrease in total leaf area (11.18,
10.75, 8.50 dm?) as shown in table 12.

The concentration of chlorophyll a in the leaves (mg.
100 g' fresh weight)

Table 13 shows significant differences between the
treatments of each of the study factors individually in the
trait of concentration of chlorophyll a in leaves. Treatment
DI recorded the highest concentration of chlorophyll a in
leaves of (4.01 mg.100 g'fresh weight) compared to D2
treatment, which recorded the lowest concentration of
chlorophyll a in leaves of (3.08 mg.100 g' fresh weight).
The M1 treatment was significantly excelled by recording
it the highest concentration of chlorophyll a in leaves of
(3.96 mg.100 g fresh weight) compared to the treatment
MO, in which the concentration of chlorophyll a was low
amounted of (3.83 mg.100 g' fresh weight). The C3 and
C4 treatments were excelled by recording it the highest
chlorophyll concentration of (4.37, 4.30 mg.100 g fresh
weight), respectively, while CO treatment recorded a
decrease in the concentration of chlorophyll a in leaves
of (2.96 mg.100 g fresh weight) as shown in table 13.
Bi-interaction treatment were significantly affected in the
same trait above. The DIM1, D1C4, M1C2 and M1C4
treatment showed the highest concentration of chlorophyll
ainleaves (4.07,4.53,4.48,4.38 mg.100 g fresh weight),
while D2MO0, D1C0, D2C0 and M1CO0 treatment showed
a decrease in chlorophyll concentration in leaves of (3.72,
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Table 11 : Effect of planting dates, Mycorrhiza and bio-stimulators in average yield of the plastic house of dry leaves on the

basis of its area (kg.house™).

Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co C1 C2 C3 4
Dl MO 2124 | 2560 | 2796 | 2876 | 30.12 26.74
M1 22776 | 2834 | 3044 | 29.66 | 31.92 28.62
0 MO 1885 | 2350 | 2642 | 2730 | 2822 24.86
M1 21.06 | 2662 | 2923 | 2860 | 30.36 2728
Effect of planting
dates D
Interaction (Planting dates D1 2200 | 2697 | 2920 | 2921 | 31.02 27.68
x Bio-stimulators) Dx C D2 1996 | 2506 | 27.83 | 2795 | 2929 26.02
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 20.05 | 2455 | 2769 | 2853 | 29.67 26.40
vaccine x Bio-stimulators) M x C M1 21.74 | 2748 | 29.84 | 29.13 | 31.14 27.87
Effect of Bio-stimulators C 2148 | 26.76 | 29.01 | 2891 | 30.66
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
1.814 0924 0924 | 0650 | 0654 0460 1307
Table 12 : Effect of planting dates, Mycorrhiza and bio-stimulators in average of Total leaf area (dm?).
Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co C1 C2 C3 4
DI MO 10.75 | 1604 | 1921 | 2277 | 27.79 1931
M1 1590 | 2293 | 29.77 | 22.04 | 2993 24.11
-~ MO 850 [ 1401 | 1840 | 1498 | 2437 17.05
M1 11.18 | 1940 | 2620 | 21.78 | 24.16 20.54
Effect of planting
dates D
Interaction (Planting dates D1 1333 | 1949 | 2449 | 2241 | 2886 21.72
x Bio-stimulators) Dx C D2 984 | 1671 | 2230 | 20.88 | 24.27 18.80
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 963 | 1503 | 1881 | 2138 | 26.08 18.19
vaccine x Bio-stimulators) M x C M1 1354 | 21.17 | 2799 | 2191 | 27.05 2233
Effect of Bio-stimulators C 1159 | 1810 | 2340 | 21.65 | 2657
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
3.881 2634 2634 | 3726 | 1.863 2.745 0.645

3.01, 2.90, 2.63 mg.100 g' dry weight), respectively as
show in table 13. The triple interaction treatment between
the study factors had a significant effect on the
concentration of chlorophyll a in the leaves, where the

DIMI1C2 treatment recorded the highest concentration
of chlorophyll a in leaves of (4.58 mg.100 g fresh
weight), while the triple interaction treatments D1M1CO0
and D2M1CO recorded the lowest concentration of
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Table 13 : Effect of planting dates, Mycorrhiza and bio-stimulators in the concentration of chlorophyll a in the leaves (mg. 100
g! fresh weight).

Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co Cc1 C2 a3 4
Dl MO 333 | 361 389 | 438 449 3.94
M1 269 | 405 458 | 447 4.56 4.06
0 MO 323 | 346 364 | 408 421 372
M1 257 | 3.87 438 | 426 430 3.88
Effect of planting
dates D
Interaction (Planting dates D1 3.01 383 424 | 443 435 401
x Bio-stimulators) Dx C D2 290 | 3.67 401 | 417 426 3.80
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 328 | 354 377 | 423 435 3.83
vaccine x Bio-stimulators) M x C M1 263 3.96 448 | 437 438 3.96
Effect of Bio-stimulators C 296 | 375 413 | 430 437
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
0.198 0.142 0.142 | 0.160 | 0.099 0.114 0.161

Table 14 : Effect of planting dates, Mycorrhiza and bio-stimulators in the concentration of chlorophyll b in the leaves (mg. 100
¢! fresh weight).

Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co Cc1 C2 a3 4
Dl MO 1.65 1.81 194 | 219 225 1.97
M1 134 | 203 229 | 223 228 203
o MO 162 | 173 1.82 | 204 2.11 1.86
M1 1.28 1.93 219 | 216 2.11 1.95
Effect of planting
dates D
Interaction (Planting dates D1 1.50 192 212 | 221 227 2.00
x Bio-stimulators) Dx C D2 145 1.83 201 | 210 2.15 191
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 1.64 1.77 1.88 | 212 2.18 192
vaccine x Bio-stimulators) M x C M1 131 1.98 224 | 175 201 1.99
Effect of Bio-stimulators C 148 1.87 206 | 216 221
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
0.098 0.070 0070 | 0080 | 0.049 0.056 0.081
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Table 15 : Effect of planting dates, Mycorrhiza and bio-stimulators in the total concentration of chlorophyll in leaves (mg. 100

g! fresh weight).

Planting dates Mycorrhiza vaccine Bio-stimulators Interaction D xM
Co Cc1 C2 a3 4
Dl MO 500 [ 542 583 | 657 6.74 591
Ml 403 | 6.09 688 | 6.68 6.84 6.10
Dl MO 486 | 520 546 | 6.13 6.32 5.59
Ml 385 | 5.80 658 | 640 6.48 5.82
Effect of planting
dates D
Interaction (Planting dates D1 452 | 576 636 | 6.63 6.79 6.01
x Bio-stimulators) Dx C D2 436 | 550 6.02 | 627 6.40 571
Effect of fungal
Mycorrhiza vaccine M
Interaction (fungal Mycorrhiza MO 493 | 531 565 | 635 6.53 575
vaccine x Bio-stimulators) M x C M1 394 | 595 6.73 | 654 6.66 596
Effect of Bio-stimulators C 444 | 563 6.19 | 645 6.60
L.S.D0.05
DxMxC MxC DxC | DxM| C M D
0298 0211 0211 | 0243 | 0.149 0.170 0240

chlorophyll a in the leaves was (2.69, 2.57 mg.100 g
fresh weight), respectively as shown in table 13.

The concentration of chlorophyll b in the leaves
(mg. 100 g' fresh weight)

Table 14 shows significant differences between the
treatments of the study factors individually in the trait of
the concentration of chlorophyll b in the leaves. Both D1,
M1 and C4 treatments characterized by giving it the
highest concentrations of chlorophyll b in soft leaves
(2.00,1.99, 2.21 mg, 100 g fresh weight), respectively.
In contrast, both D2, MO and CO recorded the lowest
concentration of chlorophyll b in the leaves (1.91, 1.99,
1.48 mg.100 g fresh weight), respectively as shown in
table 14. Bi-interaction treatment between the study
factors were affected in the same trait studied above.
The DIMI1, D1C4, M1C2, M1C4 and M1C3 treatments
were characterized by recording it the highest
concentration of chlorophyll b in the leaves (2.03, 2.27,
2.14, 2.23, 2.19 mg.100 g'), respectively, while bi-
interaction treatments D2MO0, D1C0, D2C0 and M1CO
recorded the lowest concentration of chlorophyll b in
leaves was (1.86, 1.50, 1.45, 1.31 mg.100 g fresh
weight), respectively as shown in table 14. The triple
interaction treatments were differed between the study
factors (D x M x C) in the concentration of chlorophyll b
in the fresh leaves. The triple interaction treatments

DIM1C2 was excelled by giving it the highest
concentration of chlorophyll b in the fresh leaves content
which amounted of (29.2 mg.100 g-1 fresh weight),
respectively, while the DIM1C0O and D2M1CO triple
interaction recorded the lowest concentration of
chlorophyll b in the fresh leaves of (1.34, 1.28 fresh
weight), respectively, as shown in table 14.

Total concentration of chlorophyll in leaves (mg.
100 g' fresh weight)

Table 15 shows significant differences between the
study factors individually in total chlorophyll concentration
of leaves. Both D1, M1 and C4 treatments was excelled
by recording it the highest concentration of total
chlorophyll for leaves (6.01, 5.96, 6.60 mg.100 g fresh
weight) respectively. while D2, M0, and CO treatments
recorded the lowest concentration of total chlorophyll in
fresh leaves (5.71, 5.75, 4.44 mg. 100 g fresh weight)
as shown in table 15. The bi-interaction treatment
between planting dates and Mycorrhiza (DXM) showed
significant differences in the same studied traits above.
The bi-interaction treatment D1M1 characterized by
recording it the highest total chlorophyll concentration of
leaves (6.10 mg.100 g' fresh weight). While the bi-
interaction treatment D2M1 and D2MO recorded a
decrease in total chlorophyll concentration of leaves (5.82,
5.59 mg.100 g’ soft weight). The bi-interaction treatments
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DIC4, D1C3, M1C2 and M1C4 were significantly
excelled in their concentration of total chlorophyll in leaves
(6.79,6.63, 6.73, 6.66 mg.100 g' soft weight), while the
D1CO0, D2C0O and M1CO bi-interaction treatments
recorded a decrease in total chlorophyll concentration
of (4.52,4.36, 3.94 mg. 100 g' fresh weight) as shown
intable 15. The triple interaction between the first planting
date and the addition of Mycorrhiza vaccine to the root
system and spraying with bio-stimulators (Chitosan)
D1MI1C2 was significant affected in the same trait above,
which amounted of (6.88 mg. 100 g fresh weight). While
the triple interaction treatment D1M1C0 and D2M1CO0
recorded a significant decrease in total chlorophyll
concentration in leaves of (4.03, 3.85 mg. 100 g fresh
weight) as shown in table 15.

Discussion

Planting date is considered a one of the factors
determining the growth of Stevia rebaudiana Bertoni.
plant and its development in the presence of the optimal
environmental conditions during the period of plant growth,
which are positively reflected in obtaining the highest rate
of growth of the plant and its yield of dried leaves
(Maheshwar, 2005). Khan et al. (2012) were found that
the planting date of plant in the permanent field was a
prominent step in determining the quantitative and
qualitative traits of medicinal plants. The resulting increase
in the rates of all vegetative traits at the first planting
date (D1) as shown in Tables 7-15 may be due to the
positive effect of the maximum and minimum
temperatures, relative humidity and the number of hours
of solar brightness and the relationship between them
that were optimal for plant growth until harvest during
the first planting date D1, as shown in table 2. On the
other hand, the second planting date D2, which was
characterized by rising maximum and minimum
temperatures, with a decrease in the relative humidity
and an increase in the number of hours of solar brightness
during the period of the start of plant growth until harvest
as shown in table 2, which had an effect on the decrease
in the studied traits of vegetative growth at the second
planting date as shown in tables 7-15. Beement (2012)
found that the best planting date for cultivating of S.
rebaudiana Bertoni plant in Ethiopia, which their
temperatures ranging from 6-25°C for the beginning of
seedling growth in the field, which was positively reflected
in the increase in vegetative growth indicators (plant
height, fresh and dry weight of leaves, number of leaves,
stem diameter, concentration of total chlorophyll) and thus
increase the dry yield of leaves (Suhail, 2013). The results
obtained in this study agree with those found by Khan et
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al. (2012), Taleie et al. (2012) and Maheshwar (2005).
As for excelling the treatment of M1 to most traits of the
vegetative growth in this study as shown in Table (7-15)
compared to the control treatment M0, Which recorded
a significant decline in all averages of vegetative growth
due to the strong reinforcement of the root system of S.
rebaudiana Bertoni. plant, as a result of its strongly
colonization of the root zone, Which resulted in a striking
balance between the root system under soil and the
vegetative parts over the soil. The Mycorrhiza fungal
have increased the absorption of water and nutrients for
growth, which has been positively reflected in improved
growth and increased production of biomass in S.
rebaudiana plants (Harrier and Sawezak, 2000; Singh
et al.,2000; Rai et al.,2001; Varma et al., 2001 ; Kumari
et al.,2003; Waller et al.,2005). In addition, An increase
in the rate of photosynthesis process in plants whose roots
are treated by it (Wu and Xia, 2006). The results of this
study agree with Hoseini et al. (2015), Earanna (2007)
and Hemavathi et al/ (2006). Plant bio-stimulators are
divided into two forms: either naturally created such as
amino acids, yeast extract, seaweed extract, Chitosan,
hormones and plant growth regulators or artificially
synthesized such as synthetic hormones, phenolic
compounds, inorganic salts and essential elements (Rafiee
et al., 2016). The results showed that there was a
significant effect on the factors of vegetative growth in
all the vegetative growth characteristics of this study as
shown in tables 7-15. Where the treatment of C4 was
significantly improved by giving it a significant increase
in vegetative growth traits in tables 7-15. While CO
treatment recorded a decrease in all traits of vegetative
growth as shown in tables 7-15. The increase in C4
treatment was attributed all traits of vegetative growth
compared to CO treatment (control), which recorded a
decrease in most vegetative traits in this study to the
chemical composition of the seaweed extract as shown
in table 6. The seaweed extract had a nutritious effect
for its containment of micro and macronutrients, acting
as fertilizer to the side of its other roles of hormonal effect,
which is one of the main reasons for effective biochemical
stimulation in plant groups. In addition to that the seaweed
extract containing on hormone-like substances such as
sterols and polyamins, as well as containing Cytokinins,
Gibberellins, Auxins, Abscisic acid (Craigie, 2011) and it
has an effective anti-stress effect as it contains anti-stress
and anti-oxidative substances and internal gene
organizations that Self-response to stress (Calvo et al.,
2014). The seaweed extract contains micro-elements such
as Cu, Mo, B, Co, as well as the macro-elements such
as Auxins, Gibberellins and Cytokinins. The foliar spraying
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of the seaweed extract increases both the absorption of
the elements and the susceptibility of root growth, stem
thickness and most vegetative growth indicators (Jensen,
2004). The results of this experiment agree with Saif et
al.(2014), Fayzaet al. (2015), Salama et al. (2016) found
that the use of seaweed extracts as foliar application,
which significantly increased the vegetative growth
indicators of the plant. In this study, we can explain the
superiority of the DIM1 bi-interaction treatment in the
events of increase in all traits of vegetative growth as
shown in tables 7-15. The results obtained in this study
on the superiority of the bi-interaction treatment of D1C4
in all traits of vegetative growth (tables 7-15) were due
to the effect of the interaction between the first planting
date D1 and the environmental conditions that prevailed
in it, which were closer to the optimum from the beginning
of the seedlings cultivation until the harvest date as shown
in table 2, which combined their effect with the
components of seaweed extract C4 as shown in table 6
when the plants treated with spray on the total vegetative,
which explains the superiority of the bi-interaction
treatment D1C4 in all traits of vegetative growth. The
superiority of the bi-interaction treatment (M 1C4) in most
vegetative growth indicators as shown in tables 7-15 was
due to the use of seaweed extract which stimulated the
growth of the hypha of Mycorrhiza fungus, Which
positively reflected on the absorption process of nutrients
from the soil and converted through these fungal hyphae
from the root to the Ariel parts of stevia plants, which
gave an increase in the growth and yield of the plant
through the effect of fungal vaccine to increase the root
area of the plant and thus facilitate the penetration of soil
as well as increased activity of enzymatic secretions of
the existing Mycorrhiza in the root or through the hyphae.
Mycorrhiza characterized by improving the growth of
the plant through its secretion by the fungus of growth-
regulating substances such as Auxins and Gibberellins,
as well as the containing of seaweed extract of hormones
such as Auxins, Gibberellins and Cytokinins (Jensen, 2004;
Smith and Read, 1997; Barker and Tagu, 2000; Kuwada
et al.,2006). The results of M1C4 treatment in this study
agree with Suhail (2013). The superiority of the M1C2
treatment in both traits of the total leaf area and the
concentration of a, b and total chlorophyll in fresh leaves
as shown in tables 12-15 was due to the action of Chitosan
in photosynthesis, which was reflected in the increase in
the total leaf area and the concentration of total, a and b
chlorophyll in fresh leaves, as well as that the Mycorrhiza
fungal vaccine worked to increase the production of
growth stimulators, which caused the increase in growth
as well as the work on the recycling of nutrient elements
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and supplying plant by its growth requirements and
increased the amount of water supply for the plant, Thus
giving the plant resistance to environmental stress (Lowe
et al., 2012; Vestberg and Cassells, 2009). The result of
MIC2 treatment agrees with Lowe et al. (2012). The
superiority of the triple interaction treatment (D1M1C4)
is attributed in most traits of vegetative growth as shown
in tables 7-12 to the fact that the use of seaweed extract
has stimulated the growth of mycorrhiza hypha, which
has been positively reflected in the absorption and
conversion of nutrients from the soil through those fungal
hypha from the root system to the Ariel part, which led to
an increase in the growth of plant and their yield of leaves
by the effect of fungal vaccine to increase the root area
of the plant and thus facilitate the penetration of soil, as
well as the seaweed extract worked to increase the
activity of enzymatic secretions of the fungus Mycorrhiza,
which are produced within the root of the host plant by
the hypha fungal. The Mycorrhriza fungus improves the
growth of the plant in the term of what is secreted by the
fungal hypha of growth regulating substances such as
Auxins, Gibberellins and cytokinins as well as the seaweed
extract content of hormones such as Auxins, Gibberellins
and cytokinins (Jensen, 2004; Smith and Read, 1997;
Barker and Tagu, 2000; Kuwada et al., 2006). Triple
interaction treatment D1M1C2 showed a significant
excelling in both plant height, total leaf area and
concentration of a,b and total chlorophyll in soft leaves
as shown in tables 7 and 12-15. The cause is probably
due to Chitosan which is a natural bio-stimulator that
activates and increases nutrient absorption, chlorophyll
content, photosynthesis and cell expansion (Malekpoor
et al., 2016; Salachna et al., 2017). The catalytic effect
of Chitosan in plant growth can be attributed to increased
availability and absorption of water and essential nutrients
and has also worked to increase the activity of enzymes
in plants (Guan et al., 2009). The addition of the
mycorrhiza vaccine in the triple interaction treatment has
worked to increase the absorption of water and nutrients
from the root system to the total vegetative, which has
had a significant overlap in the increase in photosynthesis
and increase the total leaf area in the plant. this confirms
that the increase in the concentration of both chlorophyll
a and b and total in fresh leaves as shown in tables 12-15
as well as the environmental conditions that prevailed in
the first planting date D1 as shown in table 2, it also had
an active role in vegetative growth of the plant and
increased development of the severity of infection with
mycorrhiza of the root system, which had a clear effect
on the increase in concentration of total, a and b
chlorophyll as shown in tables 12-15.
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Conclusion

In this experiment, we found that the best treatment
D1M1C4 because it impact vegetative growth characters
while the treatment D1M1C2 impact the concentration
of chlorophyll a,b and total in Stevia rebaudiana Bertoni.
plant in Iraq.
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