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INTRODUCTION

Stevia rebaudiana (Beit.) is a perennial,

ABSTRACT: Two field experiments were conducted in 2018/2019
and 2019/2020 seasons, at Ras Sidr Experimental Station in south
Sinai Affiliated to Desert Research Center, Mataria, Cairo Egypt in
cooperation with the Department of Horticulture, Faculty of
Agriculture, Benha University, to study the effect of biogas fertilizer
and natural extracts on vegetative characteristics and essential oil yield
of Stevia rebaudiana L. plant. Results showed that biogas fertilizer
along with different natural extracts exerted a significant influence on
the growth characteristics and essential oil content of stevia. The
highest values in most of the parameters in the first cut were found
from Ti (recommended dose of chemical fertilizer) combining with
(M4), (Ms) or (M2). On the other hand, the second cut took the same
line as the first cut but with T3 (50% NPK + biogas slurry at 5000 kg
h!) as (T3xMs) or (T3xMz2) as drench addition registered the highest
values of parameters mention before in most cases. Conclusively, the
use of half (50%) of the recommended dose of chemical fertilizer with
the equivalent of the recommended nitrogen content and replaced it
with biogas fertilizer led to reducing the problem of the use of
chemical fertilizers on the health and economic damages, in addition
to the use of both extracts of Azolla and garlic as a drench addition
with organic fertilization and half the dose of chemical fertilizer.

Key words: Stevia rebaudiana, organic fertilizer natural extracts,
essential oil, biogas fertilizer, Azolla extract, garlic
extract, yucca extract.

(Esen, 2016). However, Stevia also contains
essential oils, which increase its therapeutic
uses as high antioxidant, anti-inflammation,

short-day herb native to Paraguay and Brazil.
It is distributed widely in Brazil, Japan,
Korea, Taiwan, and USA. It belongs to
Asteraceae family, sugar, which is obtained
from stevia, is considered to be one of the
best alternative natural sources for artificial
sugars such as aspartame, saccharin, and
diabetics (Benhmimou et al., 2017).
Although Sugar, which is obtained from
stevia, is considered to be one of the best
alternative natural sources for artificial
sugars such as aspartame, saccharin for
diabetics and those who want to make a diet,

and antimicrobial (Muanda et al., 2011).
Numerous studies have established, certain
effects of stevia essential oil on the human
organism, it has become interesting for the
pharmaceutical  industry = among  the
therapeutic activities attributed to its
hypersensitive regulation, hypoglycemic,
antimicrobial, and contraceptive can be
listed, (Cioni et al, 2006). To our
knowledge, there are only a few studies on
the composition of the essential oil in stevia
and the difference in its compounds as a
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result of the different places of production,
(Ivana et al., 2007). Therefore, we conduct
this study under the conditions of Ras Sudr
city in South Sinai.

The organic cultivated area in the world
is estimated at 57.8 million_hectares in 2018,
and that this area is increasing annually at a
rate of about 4.4% during the period (2005-
2018). Egypt ranks (48) in the world in terms
of the area organically grown, with about
105,908 hectares in 2018, and the area has
organically grown in Egypt amounted to
about 2.8% of the total area organically
grown in the world (Willer et al., 2019).

Biogas and post-digestion matter are
produced, which can be used as fertilizers in
agriculture. Substrates for the Methane
fermentation require organic waste from
agriculture, the food industry, or urban
greenery conservation, and also Sludge from
the care of sewage. (Gis and Samson-brek,
2012). A biogas digester not only provides
clean and cheap energy but also produces a
good organic fertilizer for crops. Indeed,
because of its high nutrient content, bio-
slurry is an excellent organic fertilizer and
alternative for farmyard manure,
complementary to normal compost and
sometimes even to chemical fertilizers,
(Groot and Bogdanski, 2013)

It's been strong recently, voices for the
exploitation of natural compounds to
conserve the setting and avoid the side
effects where they exist Specialists focus on
plant extracts as an alternative Materials for
synthetic chemicals (Abd El-Hamied and El-
Amary, 2015). Plant extracts such as garlic,
Azolla, and yucca extract have been
registered as an efficient means of
production Supply plants with the requisite
nutrients to the foliage sections are faster
than the root system (Abu et al., 1988). The
extract of garlic is enriched by nutrients
Where 31 percent carbohydrate was found in
the bulbs, 6.2 percent Phosphors, iron,
potassium, as well as proteins, Magnesium,
and vitamins such as thiamine, niacin,
riboflavin, and ascorbic acid. Amino acids
contained Sulphur such as cysteine, and

methionine were also present in the bulb.
Derivative-Allicin cysteine (Abdulrazzagq,
2017).

Azolla is a small aquatic fern that can
grow without combined nitrogen due to
nitrogen fixation by symbiotic cyanobacteria
and it has been used as green manure or
foliar spray for many crops (Watanabe et al.,
1991). It is well established that freshly
separated Anabaena azolla releases about
40-50% of nitrogen fixed as ammonia into
the immediate environment (Meeks et al.,
1987). Azolla is used as a nitrogen
supplement in rice-based ecosystems, it has
also been used in other crops such as taro,
wheat, tomato, and Dbanana. The
incorporation of fresh fronds of Azolla also
increased the grain yield of wheat (Marwaha
etal., 1992).

Yucca is rich in natural moisturizing
factors called saponins. Saponins are natural
steroid-based chemicals that make water
more moisture, which breaks the polarity of
the water molecule (Wulff et al.,, 2012).
Using yucca extracts regularly can improve
water and mineral absorption, and prevent
many soil problems from developing. Yucca
in irrigation water can help keep dripping

emitters clean. In response to desert
conditions, yucca produces powerful
antioxidants that protect delicate cell

membranes from damaging free radicals.
Some antioxidants, such as salicylic acid and
vitamin C, have a direct protective effect on
plants. But yucca also produces signaling
molecules that stimulate plants to make more
of their natural plant protectants. (Rachael,
2018).

This study aimed to improve the
vegetative growth and essential oil yield of
Stevia rebaudiana L. plant. by using biogas
fertilizer and natural extracts under Ras Sudr
city in South Sinai conditions.

MATERIALS AND METHODS

Site description:

Two field experiments were conducted
in 2018/2019 and 2019/2020 season, at
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Desert Research Center, Mataria, Cairo
Egypt, and its Experimental Farm at Ras
Sudr Experimental Station in South Sinai, to
study the effect of biogas fertilizer and
natural extracts on vegetative characteristics
and essential oil yield of Stevia rebaudiana
L. plant. The experimental site is located in
arid conditions; the annual rainfall of 15 mm
rainfall ranges to 30 mm and occurs during a
short period from November to March. The
average annual relative humidity is 57.2%,
and it represents the highest temperature
during the year that may reach 43 °C, the
average maximum temperature during the
year is 27.5 °C and the average minimum
temperature is 15.2 °C during the two

successive seasons of 2018/2019 and
2019/2020. The physical and chemical
properties of the soil sample were
determined, according to (Rathje, 1959)

(Cottenie et al., 1982), and are shown in
Tables (1 and 2). Drip irrigation lines were
installed within 20 cm between drippers with
an average of 4 I/h. Underground water was
used as an irrigation source and analyses of
the irrigation water samples were determined
according to (Rayment and Lyons, 2010) and
their properties are shown in Table (3).

Seeds of stevia were gained from Stevia
Farm Egypt Co., Cairo, Egypt, which were
harvested in early November of the previous
season. The seeds were sown on January 1
in a mixture of 3:1 (v/v) peat moss:
vermiculite. The seed trays were placed in
polyethylene greenhouses and irrigated
thoroughly until germination, then the
seedlings trays were transferred to saran
(63% shade) until reached acceptable size (7
cm height with 2-3 pairs of true leaves). The
seedlings were cultivated in the field under
the full daylight hours. The experimental
plot was 5.85 m? (20 x 70 cm), all plots
included eight rows each row was 70 cm
apart and twenty meters in length. The
treatments were arranged in a split-plot
design with three replicates. The main plots
were occupied by biogas and chemical
fertilizers levels treatment (T) in randomly
distributed, while the sub-plot was occupied
by natural extracts of Azolla, Garlic and
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Yucca as foliar and drench application
treatments (M) in randomly arranged Main
plots (T1, T2, T3, Ta).

Main Plot:

T1: 100% recommended dose (RD) of NPK
(100:50:50 kg/ha).

T2: 100% recommended dose of biogas
slurry (BGS) (6000 kg/ha).

T3: 50% recommended dose (RD) of NPK +
biogas slurry (BGS) (5000 kg/ha).

Ta: 50% recommended dose (RD) of NPK +
biogas slurry (BGS) (3000 kg /ha).

Sub Plot:

Mi: Azolla aqueous extract (50%) as a foliar
spray.

Ma: Azolla aqueous extract (50%) as drench
addition.

Ms: Garlic aqueous extract (10%) as a foliar
spray.

Ma: Garlic aqueous extract (10%) as drench
addition.

Ms: Yucca aqueous extract (0.3 g/l) as a
foliar spray.

Me: Yucca aqueous extract (0.3 g/l) as
drench addition.

Mz: Distilled water as a foliar spray.

Ms: Distilled water as drench addition.

The experiment was conducted for six
months from April to October for each
season.

Biogas slurry fertilizer (BGS):

Biogas doses were added during the site
and row  preparation in  assigned
experimental units. Nitrogen, phosphates,
and potassium fertilizers as ammonium
nitrate (33% N) at the rate of 100 kg/hectare,
calcium superphosphate (15.5% P20s) at the
rate of 50 kg/hectare and potassium sulphate
(48% K20) at the rate of 50 kg/hectare,
respectively were added to assigned
experimental units.
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Table 1. The chemical properties of the experimental soil.

E.C. O0.M.

PH  G5iem) (%)  Ca™

Cations (meq/l)
Mg++ Na+

Anions (meq/l)

K* HCOs; SOq4- Cr COs~

3.44 8.95 3.43

1.8 3.22 3.48 10.92 0

7.95 3.14 0.7

Available macronutrients (mg/kg)
N P K

Available micronutrients (mg/kg)
Ca Fe Mn Cu Zn

60 27.24 73

306 94.92 12.92 17.4 3.88

Table 2. Physical properties of the experimental soil.

Coarse Sand (%) Fine Sand (%) Silt (%) Clay (%) Soil texture
46 50 3 1 sandy
Table 3. Water analysis of the irrigation water.
H E.C. Cations (meq/l) Anions (meq/1)
p
(ds/cm) Ca™  Mg™ Na* K* COs™  HCOr  SOs- cr
7.95 0.8 3.09 0.8 0.93 0.48 0 2.16 1.57 1.90

Half of the nitrogen dose and the entire doses
of phosphorus and potassium were added as
a basal dose during assigned experimental
rows preparation and the remaining nitrogen
was applied after second cut, other
treatments of natural aqueous extracts were
applied as a foliar spray as well as a drench
(dressing application) in the early morning
starting 15 days after transplanting seedlings
at one-month Intervals using biofilm (1 g I'")
as a wetting agent and hand pump sprayer
and nozzle in both Azolla and garlic aqueous
extracts.

The biogas slurry fertilizer (BGS) used
in the experiment was obtained from the
Land and Water Research Institute,
Agriculture Research Center. The chemical

characteristics of biogas slurry are given in
Table (4).

Natural Extracts preparation:
Garlic extract:

The extract was prepared according to
(Elzaawely et al., 2018) 100 g of freshly
grown cloves of garlic (4/lium sativum) were
brought and were macerated in 100 ml of tap
water in a tightly stoppered beaker and kept

in a freezer for 24 hours at (-20° C). The
macerate was then thawed by allowed to
melt at room temperature (25 °C). The
melted mixture was blended in a blender for
5 minutes, then the blended macerate was
frozen and melted twice. The aqueous
macerate extract was kept in the refrigerator
(1 °C) as crude extract for 10 hours and then
the blended mixture was filtered through a
double layer of cheesecloth. the obtained
filtrates were completed by distilled water to
a final volume of 1 liter. The chemical

constituents of aqueous extract were shown
in Table (5).

Table 4. chemical constituents of biogas

fertilizer.
Biogas manure Values
First season Second season
Organic matter % 34 33
Organic carbon % 20 23
Total nitrogen % 1.65 1.64
Total phosphate % 0.85 0.9
Total potassium % 0.35 0.34
Density kg/m? 285 260
Moisture % 10 10
Saturation % 210 210
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Table 5. Chemical constituents of garlic
aqueous extracts fresh cloves.

Table 6. Chemical composition of fresh
Azolla extracts.

Constituents Quantitative analysis

Potassium 2,127 ppm
Calcium 35.36 ppm
Magnesium 104.65 ppm
Zinc 2.84 ppm
Phosphorous 600.3 ppm
Aluminum 2.315 ppm
TIAA 210.80 ng mI"! fw
Auxins IBA 304.15 ng ml™! fw
IPA 627.21 ng ml! fw
L. tZ 54.09 ng ml"' fw
Cytokinins tZR 76.47 ng ml"! fiw
GA3 113.72 ng ml! fw
Gibberellins GA4 68.53 ng ml"! fw
GA7 173.52 ng ml! fw

Azolla extract:

Azolla was obtained from the Land and
Water Research Institute, Agriculture
Research Center. Azolla extract was
extracted from fresh plant parts of Azolla
depending on the extraction method
according to (Wilson and Al-Hamdani,
1997) with slight modification. Firstly,
washing the fresh plant part with tap water,
followed by distilled water, then put in
plastic bags with sterilized distilled water at
arate of 1: 1 (weight/volume) and kept in the
freezer for at least 12 hours at -20 °C. The
plant material is then withdrawn from the
refrigerator and allowed to melt at room
temperature. The mixture was hardly crushed
and blended for 5 minutes, filtered through
double layers of cheesecloth, centrifuged at
12,000 rpm for 30 minutes. The resulting
solution was kept in the refrigerator at 5 °C
until use. The crude extract was considered
100% concentration and serial dilution
(50%) was performed using distilled water
(El Shima et al., 2015).

Yucca extract:

Yucca extract powder was obtained from
NPK Industries Company it was prepared by
dissolving 0.3 g of the powder in 11 water
and the chemical composition of yucca
extract is shown in Table (7).

Properties Quantita.t ive
analysis

PH 6.35

EC 1.01
Total nitrogen (ppm) 150
Total Phosphorus (P20s; ppm) 34
Total potassium (K:0) (ppm) 152
Chemical oxygen demand (COD; mg/l) 12
Biological oxygen demand (BOD; mg/l) 3.1

Table 7. Chemical composition of yucca

extracts.
. Quantitative analysis
Constituents mg 100 g dw
Potassium 279
Phosphorous 27.8
Magnesium 21.65
Manganese 0.40
Zinc 0.35
Coper 0.10
Vitamin ¢ 21.2
Vitamin B6 0.10
Vitamin K 1.95
Thiamine 0.10
Riboflavin 0.50
Niacin 0.90

Growth analysis:

Stevia was cut twice in each season of
the study. The first cut was conducted on
July, 15" while the second was done on
October 15", In each cut data on plant height
(cm), number of branches per plant, and
number of leaves/plants were recorded. After
harvest, the plants were removed to estimate
the fresh weight of both stems and leaves
(gm) and leaf area (cm?). Samples of the
plants were air-dried under shade to
determine the dry weight in both stems and
leaves (g).

Determination of volatile oil:

According to (Egyptian Pharmacopoeia,
2005). The essential oil was determined in
the dried shoots by extracting using the
hydrodistillation process by the Clevinger
apparatus. The obtained volatile oils
samples were dried and kept in a refrigerator
(Guenther, 1961). The essential oil samples
obtained from the first cut of the second
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season were El-MS

analysis,

subjected to GC/

Statistical analysis:

The means of all obtained data from the
studied factors were subjected to analysis of
variance (ANOVA) as factorial experiments
in a split-plot design. Biogas and chemical
fertilizer levels treatments (T) were assigned
in main plots, which were split into eight
treatments of natural extracts application
methods. Collected data for both seasons
were pooled and the obtained results were
analyzed using the MSTATC program.
Means were compared using LSD test at
0.05 level according to (Snedecor and
Cochran, 1989).

RESULTS

Plant height and number of branches:

Data presented in Table (8) illustrated
that all fertilization treatments succeeded in
increasing plant height and number of
branches of Stevia rebaudiana plant,
particularly Ti (recommended dose of
chemical fertilizer) in the first cut in both
seasons. In the second cut in both seasons T3
(50% NPK + 5000 kg h'! biogas fertilizer)
score the highest values of both parameters.
In the contrast, the lowest values of plant
height and number of branches are registered
by T2 (100 % recommended dose of biogas
fertilizer) in both cuts and seasons.

As for natural extracts treatments, data in
the same Table declared that the tallest plants
and the greatest number of branches were
scored by garlic aqueous extract as drench
addition at 10% (Ma4) of the two cuts as well
as 1*' and 2" seasons. while the lowest
values were recorded by distilled water as a
drench or foliar application method (T7 and
Ts) without significant differences between
them.

Additionally, the interaction between the
recommended dose of chemical fertilizer and
yucca aqueous extract as a foliar spray
Ti1xMs gave the tallest plant height for both
cuts in both seasons followed by T3xMa
(50% NPK + 5000 kg h!' biogas combining

with garlic aqueous extract as a drench
addition) with non-significant differences
between them in the second cut only.
Furthermore, the highest number of branches
was recorded by the combination between
TixMs4 recommended dose of chemical
fertilizer and garlic aqueous extract as a
drench addition in the first cut in the two
seasons. In the second cut in both seasons
the interaction between 50% NPK + 5000 kg
h! biogas and garlic aqueous extract as
drench addition (T3xMa4) gave the highest
number of branches. On the reverse, the
shortest plants were scored by the interaction
between the recommended dose of biogas
fertilizer with distilled water as drench
addition (T2xMs) also the same trend of
results was obtained with a number of
branches but with distilled water as a foliar
spray in both cuts of the both seasons.

Number of leaves/plant and leaf area:

Concerning the response of the number
of leaves per plant and leaf area (cm?) to the
different investigated fertilization treatments,
data presented in Table (9) show that the
same trend previously discussed with
number of branches was also detected in
number of leaves and leaf area,
recommended dose of chemical fertilizer
(T1) recorded the highest values in the first
cut only in both seasons. However, the
treatment of 50% NPK + 5000 kg h! biogas
fertilizer (T3) scored the highest values of
these parameters in the second cut in both
seasons.

Regarding natural extracts treatments,
data showed that plants treated with garlic
aqueous extract as a drench addition at 10%
(M4) gave the highest number of leaves of
two cuts as well as both seasons concerning
leaf area which did not take the same trend
with number of leaves as the highest leaf
area values were recorded by Azolla aqueous
extract at 50% (M2) in both cuts of both
seasons. while distilled water as a drench or
foliar application method also T7 and Ts
recorded the lowest values without major
variations between them.
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Table 8. Effect of biogas, chemical fertilizer, and natural extracts and their interaction on
plant height and number of branches per plant of Stevia rebaudiana L. plants in
2019 and 2020 seasons for two cuts.

Fertilization Natural ex. Plant height (cm) No. of branches/plant
Methods app 2019 2020 2019 2020
1teut  2™cut  1%cut  2™cut  1%cut  2™cut 1%cut 2" cut
T1 48.51 48.61 43.95 46.89 20.85 3092 19.75 29.29
T2 28.99 29.63 27.04 29.64 5.58 10.88  5.71 11.17
T3 44.84 47.55 42.81 46.84 17.25  31.13 17.92 30.52
T4 41.23 39.92 37.77 41.20 1458  21.08 15.08 21.21
LSD at 0.05 1.14 0.77 1.32 0.34 1.75 1.37 096 0.81
M1 40.65 42.46 37.37 40.22 1342 2217 1442 24.25
M2 43.08 47.47 38.77 46.58 16.92  27.67 17.33 28.29
M3 44.24 43.41 39.51 44.16 14.83 2475 16.75 25.67
M4 45.98 48.23 42.59 47.57 19.77  29.08 18.25 30.25
M5 45.26 45.03 42.47 44.25 14.83 2250 13.33 20.92
M6 40.35 37.88 38.19 39.44 13.75  21.67 13.42 21.58
M7 34.22 33.59 32.52 33.52 11.25  20.17 11.08 16.00
M8 33.38 33.32 31.73 33.39 11.75  20.00 12.33 17.42
LSD at 0.05 112 0.83 1.05 0.66 1.57 1.30 1.69 1.33
M1 51.43 47.78 46.11 47.75 20.00 31.33 18.67 31.33
M2 44.22 51.47 37.56 50.27 2533 3533 2333 34.67
M3 54.56 50.14 46.11 48.09 22.67 3233  23.00 31.00
T1 M4 45.55 53.49 41.67 51.48 28.78  37.00 25.67 36.33
M5 59.89 57.96 53.67 55.53 20.67  29.33  18.00 24.67
M6 47.53 44.43 41.33 44.41 18.67 3133 17.00 26.67
M7 43.21 41.79 42.62 38.77 16.33  25.00 15.00 24.33
M8 41.72 41.79 42.56 38.78 14.33  25.67 17.33 25.33
M1 26.11 31.74 22.83 25.64 5.00 833  4.67 7.33
M2 29.56 36.00 29.09 34.89 5.33 12.00 6.67 12.33
M3 31.28 31.89 30.33 34.21 6.00 12.00  7.00 12.00
T2 M4 36.58 35.16 33.83 35.46 5.00 13.00 5.67 14.67
M5 36.58 32.67 34.78 32.61 7.67 11.67 5.67 11.67
M6 30.22 29.33 31.50 31.83 5.67 12.00  5.00 11.00
M7 21.11 20.63 17.55 21.46 4.00 8.33 5.00 10.00
M8 20.49 19.58 16.38 20.98 6.00 9.67  6.00 10.33
M1 43.78 47.90 41.25 45.93 16.33 3233  19.00 36.67
M2 50.78 55.38 47.67 53.68 22.00 38.00 22.67 39.50
M3 45.78 47.53 44.50 51.12 17.00  33.33 23.00 36.00
T3 M4 56.35 56.75 52.50 54.36 2597 3933 24.67 42.00
M5 42.78 50.62 41.69 47.52 15.33 2533 14.00 29.33
M6 41.98 42.29 42.24 43.97 17.00 2333 15.33 27.00
M7 39.48 39.75 36.78 39.00 12.00 3033 12.33 15.67
M8 37.81 40.14 35.89 39.19 12.33  27.00 12.33 18.00
M1 41.28 42.43 39.30 41.54 12.33 16.67 15.33 21.67
M2 47.78 47.03 40.78 47.48 15.00 2533 16.67 26.67
M3 45.33 44.09 37.11 43.23 13.67 2133 14.00 23.67
T4 M4 45.44 47.50 41.89 48.98 19.33  27.00 17.00 28.00
M5 41.78 38.88 40.22 41.35 15.67  23.67 15.67 18.00
Mo 41.67 35.48 37.67 37.55 13.67  20.00 16.33 21.67
M7 33.08 32.18 33.12 34.84 12.67 17.00 12.00 14.00
M8 33.51 31.78 32.10 34.62 14.33 17.67 13.67 16.00
LSD at 0.05 2.24 1.67 2.11 1.33 3.14 260 337 2.67

* Means in the same column for each trait are the average of two independent experiments (n = 3). Values
significantly differ from each other according to LSD test at P=0.05.

*(T1) 100 % Recommended dose of NPK (100:50:50 Kg/ha), (T2) 100% Recommended dose of Biogas Slurry
(BGS) (6000 kg/ha), (T3) 50% NPK+ BGS (5000 kg/ha), (T4) 50 % NPK + BGS (3000 kg /ha), (M1) Azolla
aqueous extract (50%) as a foliar spray, (M2) Azolla aqueous extract (50%) as drench addition, (M3) garlic
aqueous extract (10%) as a foliar spray, (M4) garlic aqueous extract (10%) as drench addition, (MS) yucca
aqueous extract (0.3 g/l) as a foliar spray, (M6) yucca aqueous extract (0.3 g/l) as drench addition, (M7)
distilled water as a foliar spray, (M8) distilled water as drench addition.
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Table 9. Effect of biogas, chemical fertilizer, and natural extracts and their interaction on
number of leaves and leaf area of Stevia rebaudiana L. plants in 2019 and 2020
seasons for two cuts.

Fertilization Natural ex. No. of leaves Leaf area cm?
Methods app 2019 2020 2019 2020
Itcut 2™cut 1%cut 2™Mcut 1%cut 2™cut 1%cut 2" cut
T1 34953  501.82 315.89 44391 7.55 6.97 7.12 6.15
T2 82.36 164.47 78.18 161.86 5.13 4.50 5.03 4.40
T3 29575 508.74 26448 479.71 7.49 7.07 6.97 6.20
T4 199.93 27873 191.82 298.34 6.48 6.49 5.85 5.13
LSD at 0.05 23.03 16.21 13.202 12.85 0.18 0.08 0.06 0.09
M1 22748 333.63 20090 352.13 7.08 7.29 6.87 6.15
M2 29534 44720 281.94 455.55 7.96 7.58 7.72 6.56
M3 276.41 39336 24632 406.81 6.93 7.03 6.55 5.87
M4 32279  512.66 292.80 509.16 7.53 7.36 7.51 6.29
M5 243.66 39237 211.23 341.82 6.52 5.88 5.75 5.20
Mé 202.01 339.18 186.49 301.82 6.35 5.81 5.53 5.07
M7 143.46 24630 13429 191.30 5.41 4.60 5.07 4.30
M8 14398 24282 146.79 209.04 5.50 4.50 495 4.29
LSD at 0.05 23.30 21.97 22.90 20.62 0.17 0.07 0.08 0.07
M1 34338 499.15 288.67 453.26 8.29 7.96 8.12 6.86
M2 429.00 560.39 405.67 53491 8.70 8.20 8.33 7.60
M3 412.07 539.78 362.51 46794 8.14 7.64 7.82 6.64
T1 M4 469.44 689.59 431.83 623.58 8.21 7.80 8.17 7.02
M5 41226  555.83 341.73 464.50 7.27 6.62 6.62 5.88
Mé6 29524 463.84 24533 365.63 6.91 6.73 6.18 5.63
M7 23521 34826 206.07 31424 6.28 5.47 5.88 4.83
M8 199.63 357.72 24533 327.19 6.55 5.30 5.85 4.72
M1 65.00 132.44 53.08 94.12 5.64 5.14 5.35 5.00
M2 79.06 216.11 96.87 196.93 6.11 5.83 6.05 5.35
M3 93.81 19194 106.77 204.89 5.47 4.83 5.21 4.73
T2 M4 91.55 228.37 95.87 259.92 5.93 5.57 5.87 5.12
M5 140.11 190.24 98.06 190.48 5.24 4.20 4.97 428
Mé 85.94 176.25 78.49 175.06 5.28 4.08 4.74 4.13
M7 42.24 86.02 47.82 84.53 3.77 3.18 4.12 3.25
M8 61.14 94.39 48.52 88.97 3.64 3.18 3.97 3.30
M1 33223 467.55 26099 561.34 8.10 8.14 7.82 7.17
M2 43433  672.00 398.04 668.44 9.15 8.21 8.53 7.62
M3 39333 528.04 34133 613.36 7.84 7.95 7.37 6.90
T3 M4 436.94 70494 406.67 696.00 8.23 8.19 8.28 7.53
M5 218.14 516.55 194.61 464.10 7.13 6.75 6.24 5.33
Mé6 23824 47996 215.81 39540 6.85 6.70 6.15 5.24
M7 15796 368.34 150.63 203.81 6.27 5.32 5.73 493
M8 15482 33252 147.74 235.21 6.32 5.30 5.62 4.84
M1 169.31 23538 200.87 299.80 6.29 7.94 6.18 5.58
M2 238.96 340.29 227.19 42193 7.88 8.06 7.96 5.68
M3 20644 313.70 174.67 341.06 6.27 7.70 5.82 5.21
T4 M4 29322  427.73 236.81 457.13 7.74 7.89 7.73 5.50
M5 204.14  306.87 210.52 248.19 6.44 5.96 5.15 5.30
Mé 188.63 236.65 20633 271.19 6.37 5.70 5.03 5.26
M7 138.43 182.58 132.63 162.60 532 4.42 4.55 4.19
M8 160.31 186.65 14557 184.78 5.50 422 437 432
LSD at 0.05 46.59 43.95 45.81 41.24 0.34 0.15 0.16 0.13

* Means in the same column for each trait are the average of two independent experiments (n = 3). Values
significantly differ from each other according to LSD test at P=0.05.

*(T1) 100 % Recommended dose of NPK (100:50:50 Kg/ha), (T2) 100% Recommended dose of Biogas Slurry
(BGS) (6000 kg/ha), (T3) 50% NPK+ BGS (5000 kg/ha), (T4) 50 % NPK + BGS (3000 kg /ha), (M1) Azolla
aqueous extract (50%) as a foliar spray, (M2) Azolla aqueous extract (50%) as drench addition, (M3) garlic
aqueous extract (10%) as a foliar spray, (M4) garlic aqueous extract (10%) as drench addition, (M5) yucca
aqueous extract (0.3 g/l) as a foliar spray, (M6) yucca aqueous extract (0.3 g/1) as drench addition, (M7)
distilled water as a foliar spray, (M8) distilled water as drench addition.

360



Scientific J. Flowers & Ornamental Plants, 8(3):353-374 (2021)

As shown by the same Table, the
average number of leaves was significantly
increased through application of the
interaction between the recommended dose
of chemical fertilizer and garlic aqueous
extract as a drench addition (T1xMs) only in
the first cut in both seasons followed by
(T3xMas) and (T3xM2) with non-significant
differences between them. However, the
second cut the statistically increase was
detected by interaction between 50% NPK +
5000 kg h' and garlic aqueous extract
(TsxM4) followed by (T3xMz) which
recorded the highest leaf area values in the
first and second cuts in both seasons.

On the other hand, the interaction
between the recommended dose of biogas
fertilizer with distilled water as foliar or
drench addition (T2xM7 or T2xMs) scored
the least effective treatments on leaf area and
the number of leaves values for 1% and 2™
cuts in both seasons.

Shoots fresh and dry weights:

Data presented in Table (10) show
obviously that the response of average shoots
fresh and dry weights followed the same
trend previously detected with the former
four growth parameters as recommended
dose of chemical fertilizer (T1) in the first cut
in both seasons. While the second cut took
the same trend with the first cut in both
seasons followed by 50% NPK +5000 kg h!
(T3) without significant variations between
them. On the opposite, the lowest fresh and
dry weights came from plants treated with
recommended dose of biogas fertilizer in
both cuts and seasons (T32).

The obtained result regarding the
increment in shoots fresh and dry weights by
the different natural extracts application
methods proved that garlic aqueous extract
as drench addition at 10% (Ma) scored the
highest values of shoots fresh weight in the
first cut of both seasons followed by Azolla
aqueous extract at 50% as a drench addition
with non-significant differences between
them in the second cut. Although the shoots
dry weight goes in the line with those found
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in fresh weight as (M4) have the highest dry
weight values in both 1% and 2™ cut but
without significant variance with (M2) at
both seasons. At the same time, the lowest
values were registered by the distilled water
as drench or foliar application method (T
and Tg) with non-significant differences
between them.

Accordingly, it is quite clear to be
noticed from tabulated data that the positive
effect of the interaction between the
recommended dose of chemical fertilizer and
yucca aqueous extract as a foliar spray
(T1xMs) gave the heaviest plant fresh and
dry weights only in the first cut in both
seasons.  Additionally, the second cut
registered the heaviest fresh and dry weights
by 50% NPK +5000 kg h'! biogas combining
with garlic aqueous extract as drench
addition (T3xM4) in both seasons. In
contrast, the least fresh and dry weights were
recorded by the interaction of the
recommended dose of biogas fertilizer and
distilled water as a foliar spray (T2xM?7) in
the first cut of both seasons while the second
cut took the same line with the first but with
distilled water as a drench addition (T2xMs).

Leaves fresh and dry weights:

Data presented in Table (11) declared
that treatment by using recommended dose
of chemical fertilizer (T1) scored the
heaviest weight of the fresh and dry leaves
only in the first cut of both seasons.
Although the second cut recorded the highest
leaves fresh weight in both seasons by 50%
NPK +5000 kg h' biogas fertilizer (T3),
however, in the case of the leaves dry weight
there were no significant differences with
(T1) in both seasons. whereas the least values
of fresh and dry leaves weight were observed
during both seasons by recommended dose
of biogas fertilizer (T2).

It is quite evident as shown from
tabulated data that the response of leaves
fresh and dry weight to natural extracts
revealed that Azolla aqueous extract (M2)
registered the highest values in both cuts and
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Table 10. Effect of biogas, chemical fertilizer, and natural extracts and their interaction on
shoots fresh and dry weights of Stevia rebaudiana L. plants in 2019 and 2020
seasons for two cuts.

Natural ex. Shoots fresh weight (g/plant) Shoots dry weight (g/plant)
Fertilization
Methods app 2019 2020 2019 2020
1cut 2™cut 1%cut 2™cut 1%cut 2"cut 1%cut 2" cut
T1 137.08 145.87 130.58 140.46 36.09 38.69 33.97 36.88
T2 54.89 66.50 48.77 56.97 12.14 1552 11.20 13.21
T3 129.52  146.49 124.59 139.93 30.60 3897 30.28 36.40
T4 119.21  139.83  112.05 122.53 29.00 32.65 2824 30.88
LSD at 0.05 2.48 1.44 2.27 2.43 0.54 0.38 0.71 0.75
M1 114.67 123.09 110.25 115.83 26.69 31.30 2741 2941
M2 12446 134.25 118.39 126.61 32.30 3547 31.57 34.12
M3 116.00 128.98 112.05 121.52 28.40 33.13 28.55 31.21
M4 127.54 13483 121.84 12825 32.92 36.03 31.78 34.48
M5 11294 12445 11250 114.60 28.12 32.19 26.66 29.29
M6 112.20 122.02 11044 108.97 25.78 31.17 26.66 27.79
M7 87.13 115.21 73.58 102.04 20.57 26.19 17.57 24.07
M8 86.45 114.57 72.92 101.94 20.87 26.19 17.22 24.34
LSD at 0.05 2.36 1.92 2.50 2.27 0.74 0.58 0.63 0.56
M1 140.74  142.63 13520 139.13 35.89 37.08 34.75 36.07
M2 146.30  149.57 13843 141.81 41.63 40.83 38.67 38.57
M3 142.56  143.97 14493 138.99 38.33 38.58 37.89 36.77
T1 M4 148.48 150.30 14594 143.79 40.54 41.33 37.38 39.54
M5 150.50 153.29 148.15 14897 42.14 4142 39.71 40.38
M6 141.97 150.83  137.37 13895 35.49 40.08 33.74 37.70
M7 114.10 138.52 99.14 136.76 27.61 3475 25.38 33.01
MS8 112.02  137.83 95.51 135.26 27.11 3547 24.26 32.97
M1 50.00 61.26 49.74 50.66 11.50 14.64 11.64 11.81
M2 63.89 77.53 56.94 66.99 15.33 19.15 13.72 17.30
M3 58.64 73.51 48.52 65.85 13.19 17.64 11.50 15.51
T M4 74.64 77.85 65.08 67.96 17.17 20.01 15.94 17.47
M5 51.72 65.53 43.86 57.94 10.86 14.42 10.00 12.69
M6 47.01 64.03 44.02 55.11 10.39 14.17 9.86 12.13
M7 45.42 56.74 40.05 47.10 9.08 1228  8.25 9.73
M8 47.78 55.56 41.93 44.14 9.56 11.84 8.72 9.02
M1 133.29 141.05 133.58 140.48 27.44 38.08 32.13 37.93
M2 14522  155.12 143.88 149.65 38.05 4292 3795 40.77
M3 13491 153.15 136.45 14847 30.36 39.67 34.29 39.15
T3 M4 14691 156.67 141.86 152.35 38.93 43.23 37.74 41.03
M5 12538 14583  144.59 138.25 29.69 3992 29.26 36.00
Mé 123.02  142.12 130.96 136.18 24.11 37.67 31.71 35.00
M7 113.67 139.22 82.94 126.58 27.75 3545 19.74 29.99
MS8 113.78 138.79 82.42 127.45 28.44 34.84 19.45 31.30
M1 134.67 14743 12248 133.03 31.92 3538 31.11 31.82
M2 142.43 15476 13431 14797 34.18 3897 35.92 39.84
M3 127.89 14530 118.28 132.78 31.72 36.62 30.52 33.41
T4 M4 140.12 15449 13448 148.89 35.03 39.55 36.04 39.90
M5 124.17 133.13 11340 113.25 29.80 33.02 27.67 28.09
M6 136.82  131.10 129.39  105.63 33.11 32.78 31.31 26.34
M7 75.33 126.37 72.20 97.72 17.83 2229 16.89 23.54
M8 72.22 126.08 71.82 100.93 18.39 22.63 16.45 24.08
LSD at 0.05 4.73 3.85 5.00 4.53 1.48 1.16 1.26 1.11

* Means in the same column for each trait are the average of two independent experiments (n = 3). Values
significantly differ from each other according to LSD test at P=0.05.

* (T1) 100 % Recommended dose of NPK (100:50:50 Kg/ha), (T2) 100% Recommended dose of Biogas Slurry
(BGS) (6000 kg/ha), (T3) 50% NPK+ BGS (5000 kg/ha), (T4) 50 % NPK + BGS (3000 kg /ha), (M1) Azolla
aqueous extract (50%) as a foliar spray, (M2) Azolla aqueous extract (50%) as drench addition, (M3) garlic
aqueous extract (10%) as a foliar spray, (M4) garlic aqueous extract (10%) as drench addition, (MS) yucca
aqueous extract (0.3 g/l) as a foliar spray, (M6) yucca aqueous extract (0.3 g/l) as drench addition, (M7)
distilled water as a foliar spray, (M8) distilled water as drench addition.
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Table 11. Effect of biogas, chemical fertilizer, and natural extracts and their interaction on
leaves fresh and dry weights of Stevia rebaudiana L. plants in 2019 and 2020
seasons for two cuts.

o Natural ex. Leaves fresh weight (g/plant) Leaves dry weight (g/plant)
Fertilization
Methods app 2019 2020 2019 2020
Itcut 2™cut 1%cut 2™cut 1%cut 2™cut 1%cut 2" cut
T1 88.37 89.59 84.23 86.44 23.92 2424 22.80 23.37
T2 27.53 36.30 24.87 29.37 6.01 7.92 5.44 6.42
T3 83.27 90.84 75.49 89.05 22.09 24.07 20.25 23.72
T4 79.15 82.29 72.55 81.98 18.79 19.57 18.21 20.49
LSD at 0.05 1.17 0.78 1.06 0.64 0.28 0.18 0.29 0.17
M1 71.80 79.61 67.76 75.00 18.92 20.87 18.28 20.22
M2 81.82 87.58 78.12 81.77 22.46 23.85 2192 22.89
M3 70.66 79.16 64.61 74.38 18.39 20.44 17.41 19.98
M4 79.56 83.96 76.68 79.31 21.20 2237 21.24 21.87
M5 67.80 73.45 62.31 69.78 16.71 18.03 15.33 17.17
Mé 66.78 70.54 58.47 67.84 16.32 17.16 14.29 16.53
M7 59.54 61.79 53.21 62.92 13.87 14.37 12.43 14.64
M8 58.68 61.94 53.14 62.69 13.76 14.51 12.50 14.71
LSD at 0.05 1.15 0.95 1.09 0.90 0.28 0.24 0.28 0.23
M1 88.53 91.40 87.80 89.24 24.79 25.59 24.58 24.99
M2 10034  102.20 95.33 96.38 29.10 29.64 27.65 27.95
M3 92.80 93.28 85.32 87.79 25.98 26.12  23.89 24.58
T1 M4 97.28 97.08 94.03 93.15 27.73 27.67 26.80 26.55
M5 87.65 86.45 82.61 84.99 22.79 2248 2148 22.10
M6 88.38 83.27 81.29 82.74 22.98 21.65 21.14 21.51
M7 78.62 81.33 74.36 78.08 19.66 20.33  18.59 19.52
M8 73.38 81.72 73.07 79.12 18.34 2043 18.27 19.78
M1 32.70 42.29 28.73 32.34 6.87 8.88 6.03 6.79
M2 35.73 47.94 34.61 39.52 8.22 11.03 7.96 9.09
M3 29.27 39.94 27.12 34.83 6.44 8.79 5.97 7.66
T2 M4 38.80 44.02 35.07 36.72 8.92 10.12  8.07 8.45
M5 23.67 34.17 21.87 27.06 5.21 7.52 4.81 5.95
Mé 22.53 31.60 18.87 25.10 4.96 6.95 4.15 5.52
M7 18.60 25.48 15.80 20.16 3.72 5.10 3.16 4.03
M8 18.93 24.96 16.93 19.24 3.79 4.99 3.39 3.85
M1 84.30 93.80 79.47 91.80 23.60 26.26 22.25 25.70
M2 97.71 105.27 93.31 97.87 28.69 30.53 27.53 28.87
M3 82.65 95.20 75.39 92.82 22.04 2523  20.73 25.53
T3 M4 89.70 102.60 91.35 96.54 25.12 28.73  26.03 27.13
M5 83.11 91.36 69.62 87.45 21.19 2330 17.75 22.30
Meé 81.79 89.43 67.01 85.28 20.45 2236 16.75 21.32
M7 72.75 74.71 63.59 80.92 17.46 17.93 15.26 19.42
M8 74.14 74.34 64.18 79.72 18.16 1821 15.72 19.53
M1 81.66 90.96 75.03 86.61 20.42 22.74  20.26 23.39
M2 93.48 94.92 89.21 93.28 23.84 2420 24.53 25.65
M3 77.92 88.21 70.60 82.10 19.09 21.61 19.06 22.17
T4 M4 92.47 92.16 86.26 90.85 23.03 2295 24.07 25.35
M5 76.78 81.80 75.13 79.61 17.66 18.81 17.28 18.31
Mé 74.41 77.86 66.70 78.23 16.89 17.67 15.14 17.76
M7 68.20 65.64 59.07 72.50 14.66 14.11  12.70 15.59
M8 68.27 66.76 58.36 72.68 14.75 1442 12.61 15.70
LSD at 0.05 2.29 1.91 2.19 1.81 0.57 0.48 0.56 0.47

* Means in the same column for each trait are the average of two independent experiments (n = 3). Values
significantly differ from each other according to LSD test at P=0.05.
*(T1) 100 % Recommended dose of NPK (100:50:50 Kg/ha), (T2) 100% Recommended dose of Biogas Slurry
(BGS) (6000 kg/ha), (T3) 50% NPK+ BGS (5000 kg/ha), (T4) S0 % NPK + BGS (3000 kg /ha), (M1) Azolla
aqueous extract (50%) as a foliar spray, (M2) Azolla aqueous extract (50%) as drench addition, (M3) garlic
aqueous extract (10%) as a foliar spray, (M4) garlic aqueous extract (10%) as drench addition, (MS) yucca
aqueous extract (0.3 g/l) as a foliar spray, (M6) yucca aqueous extract (0.3 g/l) as drench addition, (M7)

distilled water as a foliar spray, (M8) distilled water as drench addition.
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seasons. However, distilled water as foliar or
drench addition (M7 & Ms) tended to be the
least effective in this regard.

Concerning the response of stevia fresh
and dry leaves weights to the interaction
between fertilization and natural extracts,
application methods followed the same trend
as previously detected in leaves area the
recommended dose of chemical fertilizer and
Azolla aqueous extract at 50% as a drench
addition (T1xM2) gave the highest values for
the first cut only in both seasons .while in the
second cut the highest values were recorded
by Azolla aqueous extract combining with
50% NPK +5000 kg h' (T3xMz) in both
seasons. On the other hand, the least fresh
and dry weights of leaves values were
reported by the interaction between the
recommended dose of biogas fertilizer and
distilled water as a foliar spray (T2xM7) in
the first cut of both seasons, while the
second cut had the same trend with the first
but with distilled water as a drench addition
(T2xMs).

Stem  diameter
percentage:

and dry matter

Referring to the response of stem
diameter and dry matter percentage, data
presented in Table (12) show that
fertilization especially of recommended dose
of chemical fertilizer (Ti) had the
comparative advantage in the stem diameter
in 1st cut as well as 2" cut in both seasons as
registered the highest values. Besides dry
matter percentage took the same line with
stem diameter in the first cut only as (Ti)
gave the highest dry matter percentage
followed by 50% NPK + 5000 kg h™!' biogas
fertilizer (T3) which had non-significant
difference between them in the second cut of
both seasons

Both measurements responded positively
and significantly to various natural extracts
treatment. Herein, yucca aqueous extract as a
foliar spray (Ms) registered the largest
thickness of the stem diameter for the first
cut as well as the second cut in both seasons
although the Me treatment recorded the

highest values in the first cut without
significant variance with Ms while plants
treated with Azolla aqueous extract as a
drench addition (M2) recorded the highest
dry matter percentage in the cuts which took
the same line without significant variation
with Ma.

On the other hand, the interaction
between recommended dose of chemical
fertilizer and yucca aqueous extract as a
foliar spray (TixMs) registered the thickest
stem diameter values in the first and second
cuts of both seasons while dry matter
percentage was recorded the highest values
in combination between recommended dose
of chemical fertilizer and Azolla aqueous
extract as a drench addition (T1xM2) in the
first cut in both seasons. In the second cut
was recorded by 50% NPK + 5000 kg h!
with Azolla aqueous extract as a drench

addition (T3xM2) without significant
variance with (TixMa4). As for T>xM7 and
TaxMs (interaction between the

recommended dose of biogas fertilizer and
distilled water foliar spray as well as drench
addition) without significant difference
values between them was relatively the least
effective in this case.

Essential oil percentage and yield:

Data presented in Table (13) suggested
that recommended dose of chemical fertilizer
(T1) registered the richest essential oil
percentage and essential oil yield in the first
and second cuts of both seasons followed by
50% NPK +5000 kg h! (T3) where it has no
significant values with (T1) in the second cut
on essential oil percentage. while
recommended dose of biogas fertilizer (T2)
recorded the minimum values of the essential
oil percentage and yield.

As for natural extracts treatments, data
presented in the same Table showed that,
garlic aqueous extract, as well as Azolla
aqueous extract, gave the highest percentage
of the essential oil and yield in the first and
second cuts of both seasons without major
variations between them. Moreover, M7 &
Ms (distilled water as a foliar or drench

364



Scientific J. Flowers & Ornamental Plants, 8(3):353-374 (2021)

Table 12. Effect of biogas, chemical fertilizer, and natural extracts and their interaction on
stem diameter and dry matter % of Stevia rebaudiana L. plants in 2019 and 2020
seasons for two cuts.

Fertilization Natural ex. Stem diameter (cm?) Dry matter (%)
Methods app 2019 2020 2019 2020

1tcut 2™cut  1%cut 2"™cut  1%cut 2™ cut 1%cut 2" cut

T1 0.26 0.35 0.28 0.37 26.19  26.50 25.97 26.23
T2 0.18 0.26 0.18 0.28 2195  23.18 22.79 22.92
T3 0.25 0.30 0.26 0.33 23.57  26.58 24.25 25.94
T4 0.21 0.31 0.24 0.33 2436  23.17 24.96 25.06

LSD at 0.05 0.01 0.02 0.01 0.02 0.32 0.38 0.25 0.29
M1 0.21 0.30 0.23 0.31 2320 2523 24.64 25.04

M2 0.23 0.31 0.24 0.34 25.66 2622 26.29 26.80

M3 0.21 0.28 0.23 0.32 24.17 2548 25.20 25.38

M4 0.25 0.33 0.26 0.37 2545  26.60 25.88 26.73

M5 0.26 0.39 0.28 0.40 2418 2530 23.56 24.96

Mé6 0.27 0.32 0.26 0.37 2273 25.06 23.85 24.94

M7 0.19 0.25 0.21 0.27 23.08 2246 23.35 23.15

M8 0.20 0.24 0.21 0.26 23.67  22.52 23.18 23.31

LSD at 0.05 0.01 0.02 0.01 0.02 0.52 0.38 0.36 0.29
M1 0.23 0.35 0.25 0.34 2550  26.00 25.70 25.93

M2 0.25 0.36 0.27 0.37 2846 2730 27.94 27.20

M3 0.21 0.29 0.26 0.33 26.89  26.80 26.16 26.45

T1 M4 0.27 0.35 0.28 0.41 2730  27.50 25.62 27.50
M5 0.35 0.49 0.38 0.47 28.00 27.02 26.80 27.11

Mo 0.33 0.43 0.33 0.44 25.00  26.58 24.56 27.13

M7 0.23 0.27 0.24 0.30 2420  25.09 25.60 24.13

M8 0.24 0.27 0.24 0.28 2420  25.74 25.40 24.38

M1 0.16 0.22 0.17 0.23 23.00 2390 23.40 23.31

M2 0.18 0.25 0.17 0.26 24.00 24.70 24.10 25.84

M3 0.17 0.24 0.16 0.24 22.50  24.00 23.70 23.56

T2 M4 0.21 0.31 0.21 0.31 23.00 25.70 24.50 25.70
M5 0.22 0.35 0.23 0.33 21.00  22.00 22.80 21.90

M6 0.22 0.23 0.19 0.32 22.10  22.13  22.40 22.00

M7 0.15 0.24 0.16 0.27 20.00  21.67 20.60 20.66

M8 0.16 0.22 0.17 0.25 20.00  21.32  20.80 20.42

M1 0.23 0.33 0.25 0.33 20.59  27.00 24.05 27.00

M2 0.25 0.32 0.26 0.35 2620  27.68 26.38 27.24

M3 0.23 0.30 0.26 0.34 22.50 2590 25.13 26.37

T3 M4 0.27 0.33 0.28 0.38 26.50  27.59 26.61 26.93
M5 0.31 0.35 0.28 0.39 23.71 27.37 20.24 26.04

Mo 0.31 0.26 0.27 0.36 19.61 26.52  24.22 25.70

M7 0.20 0.24 0.25 0.27 2443 2546 23.80 23.69

M8 0.21 0.25 0.24 0.25 25.00  25.10 23.60 24.57

M1 0.24 0.29 0.24 0.34 2370 24.00 25.40 23.93

M2 0.23 0.32 0.26 0.36 24.00  25.19 26.75 26.93

M3 0.22 0.30 0.26 0.35 2480 2520 25.80 25.16

T4 M4 0.25 0.35 0.27 0.38 25.00 25.60 26.80 26.80
M5 0.18 0.37 0.24 0.39 24.00 24.80 24.40 24.80

Mo 0.21 0.35 0.26 0.36 2420  25.00 24.20 24.94

M7 0.19 0.23 0.19 0.23 23.67 17.64 23.40 24.09

M8 0.19 0.24 0.18 0.24 25.48 17.95 22.90 23.85

LSD at 0.05 0.02 0.05 0.03 0.04 1.04 0.77 0.71 0.59

* Means in the same column for each trait are the average of two independent experiments (n = 3). Values
significantly differ from each other according to LSD test at P=0.05.

*(T1) 100 % Recommended dose of NPK (100:50:50 Kg/ha), (T2) 100% Recommended dose of Biogas Slurry
(BGS) (6000 kg/ha), (T3) 50% NPK+ BGS (5000 kg/ha), (T4) 50 % NPK + BGS (3000 kg /ha), (M1) Azolla
aqueous extract (50%) as a foliar spray, (M2) Azolla aqueous extract (50%) as drench addition, (M3) garlic
aqueous extract (10%) as a foliar spray, (M4) garlic aqueous extract (10%) as drench addition, (M5) yucca
aqueous extract (0.3 g/l) as a foliar spray, (M6) yucca aqueous extract (0.3 g/l) as drench addition, (M7)
distilled water as a foliar spray, (M8) distilled water as drench addition.

365



Eman M. Abou El-Ghait et al.

Table 13. Effect of biogas, chemical fertilizer, and natural extracts and their interaction on
essential oil percentage and yield of Stevia rebaudiana L. plants in 2019 and 2020
seasons for two cuts.

Fertilization Natural ex. Essential oil (%) Essential oil yield 1 ha™!
HIZation yethods app 2019 2020 2019 2020
Itcut  2™cut  1%cut 2™cut  1%cut 2" cut 1%cut 2" cut
T1 0.32 0.37 0.32 0.38 8.37 10.24  7.88 10.04
T2 0.16 0.18 0.19 0.21 1.39 2.02 1.60 2.00
T3 0.29 0.36 0.28 0.37 6.42 10.13  6.34 9.77
T4 0.31 0.35 0.31 0.35 6.56 8.59 6.52 8.06
LSD at 0.05 0.01 0.01 0.01 0.01 0.29 0.18 0.12 0.13
M1 0.24 0.31 0.27 0.33 5.02 7.65 5.66 7.59
M2 0.30 0.36 0.31 0.38 7.51 9.85 7.41 9.81
M3 0.29 0.33 0.28 0.33 6.23 8.38 6.07 7.91
M4 0.31 0.36 0.31 0.38 7.76 10.02 745 9.86
M5 0.28 0.32 0.29 0.32 6.23 7.98 6.03 7.19
M6 0.28 0.32 0.28 0.31 5.54 7.67 5.65 6.72
M7 0.22 0.25 0.24 0.28 3.57 5.21 3.34 5.31
M8 0.22 0.25 0.24 0.28 3.64 521 3.09 5.34
LSD at 0.05 0.01 0.01 0.01 0.01 0.25 0.28 0.23 0.21
M1 0.30 0.37 0.31 0.39 7.66 9.79 7.67 10.04
M2 0.34 0.39 0.34 0.40 10.29 11.56 947 11.20
M3 0.32 0.36 0.32 0.38 8.83 10.10  8.64 10.15
T1 M4 0.36 0.43 0.35 0.43 10.60 12.70  9.33 12.34
M5 0.33 0.36 0.33 0.36 10.01 10.74 9.44 10.56
M6 0.32 0.36 0.32 0.36 8.09 10.29  7.77 9.86
M7 0.30 0.33 0.31 0.35 5.90 8.34 5.60 8.24
M8 0.29 0.33 0.29 0.33 5.60 8.42 5.12 7.91
M1 0.13 0.16 0.19 0.21 1.10 1.72 1.60 1.78
M2 0.15 0.18 0.23 0.24 1.69 2.53 2.30 2.99
M3 0.18 0.20 0.21 0.21 1.71 2.54 1.71 2.35
T2 M4 0.19 0.21 0.22 0.24 2.39 3.07 2.57 3.02
M5 0.17 0.21 0.20 0.20 1.36 2.15 1.44 1.83
M6 0.17 0.19 0.18 0.19 1.27 1.97 1.30 1.69
M7 0.12 0.12 0.15 0.17 0.76 1.03 0.90 1.17
M8 0.13 0.13 0.16 0.18 0.87 1.13 1.01 1.16
M1 0.27 0.38 0.29 0.37 5.34 1042  6.79 10.20
M2 0.33 0.41 0.32 0.42 9.13 12.77 8.74 12.43
M3 0.31 0.38 0.28 0.37 6.70 10.85 6.91 10.33
T3 M4 0.35 0.42 0.34 0.42 9.72 1292 9.33 12.51
M5 0.30 0.35 0.31 0.37 6.31 10.15 6.46 9.50
M6 0.30 0.36 0.26 0.36 5.15 9.76 5.86 9.16
M7 0.21 0.28 0.26 0.32 4.26 7.24 3.65 6.91
M8 0.23 0.28 0.21 0.32 4.78 6.94 2.99 7.13
M1 0.26 0.34 0.29 0.36 5.98 8.66 6.57 8.32
M2 0.36 0.45 0.35 0.44 8.94 12.53 9.14 12.62
M3 0.34 0.38 0.32 0.37 7.69 10.02  7.03 8.82
T4 M4 0.33 0.40 0.33 0.40 8.32 11.39 8.56 11.59
M5 0.34 0.37 0.34 0.34 7.22 8.88 6.77 6.87
M6 0.32 0.37 0.34 0.33 7.63 8.66 7.67 6.20
M7 0.26 0.26 0.26 0.29 3.38 422 321 492
M8 0.25 0.27 0.27 0.30 331 435 3.24 5.14
LSD at 0.05 0.02 0.02 0.02 0.02 0.49 0.55 0.47 0.42

* Means in the same column for each trait are the average of two independent experiments (n = 3). Values
significantly differ from each other according to LSD test at P=0.05.

*(T1) 100 % Recommended dose of NPK (100:50:50 Kg/ha), (T2) 100% Recommended dose of Biogas Slurry
(BGS) (6000 kg/ha), (T3) 50% NPK+ BGS (5000 kg/ha), (T4) 50 % NPK + BGS (3000 kg /ha), (M1) Azolla
aqueous extract (50%) as a foliar spray, (M2) Azolla aqueous extract (50%) as drench addition, (M3) garlic
aqueous extract (10%) as a foliar spray, (M4) garlic aqueous extract (10%) as drench addition, (MS5) yucca
aqueous extract (0.3 g/l) as a foliar spray, (M6) yucca aqueous extract (0.3 g/l) as drench addition, (M7)
distilled water as a foliar spray, (M8) distilled water as drench addition.
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Addition) tended to be the least effective in
this respect.

Furthermore, the interaction between the
recommended dose of chemical fertilizer and
garlic aqueous extract as a drench addition
(T1xMa4) treatment shares importance with
50% NPK+3000 kg h' combining with
Azolla aqueous extract as a drench addition
(T4xM2) which recorded the highest essential
oil percentage without non-significant
variation between them. As for essential oil
yield, the results in the same Table showed
that both TixMs4 and TixM2 treatments
registered the highest values in the first cut
of both seasons, while in the second cut
(T3xMa4) and (T4xM2) recorded the highest
essential oil yield without non-significant
variation between them.

On the other hand, the minimum values
were recorded by interaction between the
recommended dose of biogas fertilizer and
distilled water foliar spray as well as drench
addition (T2xM7 and T2xMs) without
significant difference values between them.

Essential oil GC-mass analysis:

Data presented in Table (14) and Figs.
(1-3) showed that the total compounds
representing  90.44-94.37% of the total
detected  constituents  with  different
treatments. The unknown compounds
representing  2.12-9.56% of the total
detected constituents in the two seasons. The
main constituents of Stevia rebaudiana
essential oil detected by GC-MS were B
farnesene (19.46, 5.24, 42.5%), cardinol
(19.54, 1.66, 12.73%), a-farnesen (1.46,
13.64, 13.64%), and caryophyllene (2.21,
13.71, 0.86%). The highest  farnesene was
achieved with the recommended dose of
chemical fertilizer + garlic aqueous extract
as a drench addition treatment (T1xM4). The
same trend was detected a-farnesene while
the reverse was true with Caryophyllene
which presented 13.71% with treatment
(TaxMz). The results agreed with (Gasmalla
et al., 2017) who found that the highest
percentage of the compound 3 farnesene was
concentrated in the stem, which confirm our

results that all the aerial parts especially stem
and leaves contain essential oil.

In addition to the caryophyllene
compound, was found in ratio of treatment
(T4 x M2), which is the half dose of chemical
fertilizer and organic fertilizer (biogas)
treatments with garlic extract, and it is
considered one of the most famous oil
compounds and the most economical.

DISCUSSION

Growth parameters, broadly speaking,
refers to the irreversible increase in the
shape, size, and weight of the plant. A higher
growth rate means more accumulation of
fresh and/or dry weight by the plant resulting
in higher yield. This growth and yield
relationship may be affected by various
factors like climatic, edaphic, and
topographic factors. Among them, one of the
most important factors is the maintenance of
appropriate nutrient status in the soil. The
organic manures, critical resources, are said
to contribute to the organic matter and
nutrient status of the soil and their favorable
effects mediated through improved nutrients.
All plant parameters like plant height,
number of branches fresh and dry weight of
shoots and leaves, and leaf area in the early
growth period of organic manure cultivation
are relative to the production of chemical
fertilizers. The increase in the growth rate in
general in the first cut is due to chemical
fertilizer as the presence of soft elements
ready for the plant in a suitable form for
absorption. However, in the second cut, a
process of decomposition of the biogas
organic fertilizer occurred that improves
physical, chemical, and biological properties
of the soil; that is, increasing soil organic
matter, cation exchange capacity, water
holding capacity and availability of mineral
nutrients and, thus, in turn, increase growth
rate (Al-Fraihat et al., 2011). These results
are in agreement with (Verma et al., 2020)
on Stevia plant, they reported that the growth
parameters, i.e., plant height (cm), number of
leaves per plant, and the number of branches
per plant, were significantly higher with
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Table 14. Chemical composition of the essential oils of Stevia rebaudiana L. plant using
GC-MS for the first cut in the second season.

Ref. Rt (min) Name of compound T M7 TM™  TiMg™
1 3.95 a-Pinene 1.08 - 3.57
2 9.58 (-)-a-Bourbonene - 0.28 -

3 9.73 beta.-Elemene 0.57 3.06 -
4 10.05 Ethyl 9,12-hexadecadienoate 0.57 - -
5 10.27 Caryophyllene 2.21 13.71 0.86
6 10.56 cis-a-Bergamotene 0.52 3.17 -
7 10.96 (E)-a&-Famesene 1.46 13.64 13.64
8 11.47 a-copaene 0.98 - 1
9 11.49 Germacrene D - 8.14 -
10 11.79 Elemene isomer 1.56 8.95 -
11 11.9 b Farnesene 19.46 5.24 42.5
12 12.15 ¢-Muurolene 0.36 1.19 -
13 13.3 d-Cadinene - 2.38 -
14 12.7 Naphthalene 1 2-dihydro-1 5 8-trimethyl 0.27 - -
15 13.09 Nerolidol 1.15 5.5 -
16 13.39 Spathulenol 1.55 5.08 -
17 13.48 Caryophyllene oxide 0.8 4.17 -
18 13.65 _ Globulol - 0.25 -
19 13.74 A-Longipinene - 0.44 -
20 13.86 Ledol - 0.29 -
21 13.97 Humulene epoxide 0.28 1.64 -
22 14.28 Cubenol - 0.27 -
23 14.4 Elemol - 0.54 -
24 14.57 .Tau.-cadinol 0.77 2.92 -
25 14.68 Alloaromadendrene - 0.16 -
26 14.83 A-Cadinol 0.74 3.05 -
27 15.13 Caryophyllene epoxide 0.88 1.26 -
28 15.49 Eudesma-4(14),7(11)-diene 0.42 0.36 -
29 15.69 A-Terpineol 2.22 1.66 -
30 16 Isoaromadendrene epoxide 1.88 - 1.88
31 16.48  11,13-Dihydroxy-tetradec-5-ynoicacid, methyl ester 0.54 - -
32 16.74 Ledene oxide - 0.3 -
33 17.4 Alloaromadendrenoxid 0.48 - -
34 17.67 Nd 0.4 - -
35 18.07 Aromadendrene oxide 0.24 - -
36 18.17 Nd 0.26 0.42 -
37 19.54 (E)-jasmone 0.82 0.55 0.65
38 20.27 Palmitic acid 3.18 - 2.24
39 20.61 1H-Naphtho[2,1-b]pyran, 3-ethenyldodecah 0.86 5.95 -
40 22.06 Nd - 0.67 -
41 22.21 Linoleic acid ethyl ester 0.55 - 0.51
42 22.31 Nd 0.98 0.36 1.04
43 22.48 Nd 3.63 0.67 8.13
44 22.72 Nd 0.19 - -
45 22.99 Cardinol 19.54 1.66 12.73
46 24.56 Z-(13,14-Epoxy)tetradec-11-en-1-olacetate 1.24 - -
47 25.21 1,2-15,16-diepoxyhexadecane 1.84 0.37 0.81
48 25.53 Farnesol 0.53 - 1.97
49 26.61 Nd 0.18 - -
50 26.67 Heptacosane 0.45 - -
51 27.01 T-Cadinol 7.71 0.78 3.66
52 27.37 4,8,13-Duvatriene-1,3-diol 0.92 - -
53 27.97 2-hydroxy-3-[(9¢)-9-octadec enoyloxy]propyl 0.89 - -
54 27.63 A-Cadinol 8.2 0.91 4.42
55 30.06 9-Octadecenoic acid (Z)-methyl ester 6.65 - -
Total identified 94.37 97.87 90.44
Total 100.01 99.99 100

*T,M7 recommended dose of biogas fertilizer * distilled water as a foliar spray.
**T4*M2 50%NPK+3000 Kg biogas fertilizer * Azolla aqueous extract as drench addition.
***T1M4 recommended dose of chemical fertilizer * garlic aqueous extract as drench addition.
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Fig. 1. Effect of recommended dose of chemical fertilizer with garlic extract as drench
addition on the essential oil constituents using GC/Mass analysis.
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Fig. 2. Effect of recommended dose of biogas fertilizer with distilled water as foliar spray
on the essential oil constituents using GC/Mass analysis.
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Fig. 3. Effect of 50% recommended dose of chemical fertilizer with Azolla aqueous extract
as drench addition on the essential oil constituents using GC/Mass analysis.
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nitrogen at 300 kg/ha, which has no
significant  differences to 200 kg/ha.
(Martinez et al., 2018) concluded that
vermicompost at 4 g N plant-1 increased
leaves and buds per plant of stevia from 3
buds and 12 g to 9 buds and 19 g leaves,
respectively, compared to chicken manure
treatment at the same dosage. (Lam, 2011)
on tea plant treated with slurry, tea improves
in quality and the yields increase by 11%.
This is a net saving of around €148 per
hectare per harvest.

Subsequently, increasing plant height
refers to yucca aqueous extract, which works
to break the surface tension of the leaf
because it contains steroidal saponins, so it
facilitates gas exchange, which enhances the
plant’s ability to perform photosynthesis and
water and food absorption The results are in
harmony with (Wulff et al., 2012) who
reported that the application of aqueous
saponin-rich extracts of Digitalis purpurea
stimulated the formation of adventitious
roots on tomato cuttings while application of
the pure saponin, digitoxin, had the opposite
effect, indicating toxicity to tomato plants.

On the other hand, the increase in
number of branches, number of leaves, leaf
area, shoots dry weight, and essential oil
percentage may be due to the biochemical
function of vitamins and amino acids in the
garlic as well as Azolla aqueous extract,
which has enhanced the role of metabolic
processes and the levels of endogenic
hormones, i.e. [AA and GAs (Elzaawely et
al., 2018). Garlic extract led to cell
proliferation, cell enlargement, and cell
division, which has contributed to an
increase in the number of leaves. These
effects can also be due to the influence of
garlic extract on growing levels of
endogenous hormones in treated plants,
(Khedr and Farid, 2000). These observations
were consistent with (AbdelKader et al.,
2014), (Ziedan and Eisa, 2016) on Anethum
graveolens (Massoud et al., 2017) on
Majorana hortensis L. plant. (El-Said and
Ali, 2013) on Cumin. Likewise, (Hanafy et
al., 2012) reported that the highest values of

plant height and number of branches
contents in schefflera treated with garlic
aqueous extract as drench addition.

This increase in the leaf's dry weight
may be due to an increment in number of
leaves and leaf area. Also, this may be due to
Azolla extract which contains a lot of amino
acids vitamin and some of the growth
regulators which enhance plant growth,
number of leaves which led to increasing
leaves fresh, and dry weight. These results
were in harmony with (Rabie er al., 2020)
and (Kawtar et al., 2017) on Matricaria
chamomilla L. who showed that application
of organic fertilizer with Azolla extracts
achieved the highest growth parameters in
both seasons.

On the other hand, essential oil chemical
analysis agreed with (Marculescu et al.,
2002) as they revealed that the use of organic
fertilizers plays an essential role in the
plant's development, in the biosynthesis of
the organic substances at all levels, also it
can be noted that when using manure the
amount of active principle (essential oil) is
high in chrysanthemum plant. The effect of
different treatments on essential oil yield and
constituents may be due to garlic extract
chemical composition which enhances their
effect on enzyme activity and metabolism of
essential oil production (El-Said and Al
2013).

CONCLUSION

Organic fertilizer, especially biogas, is
characterized by an increase in its nitrogen
content, which enhances the vegetative
characteristics of the plant, but it needs a
period for its analysis, which appeared
clearly in the second cut of both seasons.
The results showed that the use of half (50%)
of the recommended dose of chemical
fertilizer with the equivalent of the
recommended nitrogen content and replaced
it with biogas fertilizer led to reducing the
problem of the use of chemical fertilizers on
the human health and economic damages, in
addition to the use of both extracts of Azolla
and garlic as a drench additive with biogas as
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organic fertilizer and half the dose of
chemical fertilizer.

REFERENCES

Abd El-Hamied, Sheren A. and El-Amary,
Eman 1. (2015). Improving growth and
productivity of pear trees using some
natural plants extracts under north sinai
conditions. Journal of Agriculture and
Veterinary Science, 8(1):1-9.

AbdelKader, H.; Massoud, H.; Mosa, A.;
Eisa, E. and Nour Eldeen, E. (2014).
Effect of bio-fertilizers and plant extracts
on growth, essential oil and chemical
constituents of sage (Salvia officinalis L.)
plant, under water stress conditions.
Journal of Plant Production, 5(6):1003—
1020.

Abdulrazzaq, Z. (2017). Effect of garlic and
licorice extracts on vegetative, root and

floral trait of Gazania splendes L. Journal
of Plant Production, 8(10):1055-1058.

Abu Dhahi, Y. M.; Yousef, M. and Muayad,
A.Y. (1988). A guide to plant nutrition.
In Dar Al Kutab for Printing and
Publishing, University of Baghdad,
Ministry of Higher Education and
Scientific Research, Iraq, 411 p.

Al-Fraihat, A.H.; Al-dalain, S.Y.A.; Abu-
Darwish, M.S.; Al-Tabbal, J.A. and Al-
Rawashdeh, Z.B. (2011). Effect of
organic and biofertilizers on growth, herb
yield and volatile oil of marjoram plant
grown in Ajloun region, Jordan. Journal
of Medicinal Plants Research,
5(13):2822-2834.

Benhmimou, A.; Ibriz, M.; Faiz, C.; Al
Gaboun, F.; Douaik, A.; Amchra, F. Z.
and Lage, M. (2017). Effects of planting
density and harvesting time on
productivity of natural sweetener plant
(Stevia rebaudiana Bertoni.) in larache
region, morocco. International Journal of
Plant Research, 7(4):83—-89.

Bhutia, P.H.; and Sharangi, A.B. (2016).
Stevia: medicinal ~ miracles and
therapeutic magic. International Journal

371

of Crop Science
2(2):45-69.

Cioni, P.L.; Morelli, I.; Andolfi, L.; and
Macchia, M. (2006). Qualitative and
quantitative analysis of essential oils of
five lines of Stevia rebaudiana Bert.
cultivated in Pisa (Italy). Journal of
essential oils, 18(2006):76-79.

Cottenie, A.; Verloo, M.; Kiekers, L.;
Velghe, G.; Camrbynek, R.; Kiekens, L.
and Camerlynck, R. (1982). Chemical
Analysis of Plants and Soils. Lab.
Agroch. State Univ. Gent, Belgium, 63 p.

and Technology,

Egyptian Pharmacopoeia (2005). Central
Administration and  Pharmaceutical
Affairs, Ministry of Health and
Population, 1295 p.

El-Said, N.A.M. and Ali, HM.H. (2013).
Physiological effects of garlic aqueous

extract on cumin. Egypt. J. Hort,
40(2):247-260.

El-Shimi, N.M.; El-Badawy, E.S. and Tolba,
H.I. (2015). Response of sweet pepper
plants to some organic and bio-fertilizers
and its effect on fruit yield and quality.
Middle East Journal of Agriculture
Research, 4(3):435-445.

Elzaawely, A.A.; Ahmed, M.E.; Maswada,
H.F.; Al-Araby, A.A. and Xuan, T.D.
(2018). Growth traits, physiological
parameters and hormonal status of snap
bean (phaseolus vulgaris 1.) sprayed with
garlic cloves extract. Archives of
Agronomy and Soil Science, 64(8):1068—
1082.

Esen, F.N. (2016). Steviol glycosides from
stevia rebaudiana bertoni: functional
properties, safety and application in food
industry. Journal of Molecular Biology
and Genetics, 1(2149-7141):12-26.

Gasmalla,  M.A.A.; Tessema, H.A;
Alahmed, K; Hua, X.; Liao, X.; and
Yang, R. (2017). Effect of different
drying techniques on the volatile
compounds, morphological
characteristics and thermal stability of
Stevia rebaudiana Bertoni leaf. Tropical



Eman M. Abou El-Ghait et al.

Journal of Pharmaceutical Research,

16(6):1399-1406.

Gis, W. and Samson-Brek, 1. (2012). Review
of technology for cleaning biogas to
natural gas quality. Automotive Industry
Institute PIMOT, 2012(5):33-309.

Groot, L. and Bogdanski, A. (2013).
Bioslurry= brown gold? A review of
Scientific literature on the Co-product of
Biogas Production Food and Agriculture
Organization of the United Nations
(FAO), 33 p.

Guenther, E. (1961). The Essential Oils. D.
von Nostrand Co. Inc. New York, USA,
155 p.

Hanafy, M.S; Saadawy, F.M.; Milad, S.M.
and Ali, RM. (2012). Effect of some
natural extracts on growth and chemical
constituents of Schefflera arboricola
Plants. Journal of Horticultural Science
& Ornamental Plants, 4(1):26-33.

Ivana, S.; Zoltan, A.D. and Biljanin, F.A.
(2007). Chemical composation of leaf
extracts of Stevia rebaudiana Bertoni.
grown experimentally in Vojvodina.
Journal of the Serbian Chemical Society,
73(3):283-297.

Kawtar, A.E.; Ashour, H.M. and Fatma, S.I.
(2017). Growth characters and some
chemical constituents of Matricaria
chamomilla L. plants in relation to green
manure and compost fertilizer in sandy
soil. Middle East Journal of Agriculture
Research, 6(1):76-86.

Khedr, ZM.A. and Farid, S. (2000).
Response of naturally virus infected-
tomato plants to yeast extract and
phosphoric acid application. Annals of
Agricultural Science, Moshtohor, 38(2):
927-939.

Lam, J.; Heegde, F. and Teune, B. (2010).
Domestic Biogas Compact Course.
Technology and Mass-Dissemination
Experiences from Asia University of
Oldenburg, 75 p.

Liu, X.; Ren, G. and Shi, Y. (2011). The
effect of organic manure and chemical
fertilizer on growth and development of

Stevia  rebaudiana  Bertoni  Energy
Procedia, 5:1200-1204

Marculescu, A.; Sand, C.; Barbu, C.H.;
Bobit, D. and Hanganu, D. (2002).
Possibilities ~ of  influencing  the
biosynthesis and accumulation of the
active principles in Chrysanthemum
balsamita L.  species. = Romanian
Biotechnological Letters, 7:577-584.

Martinez, V.; Javier, C.; Romero, L.; Santos,
R.M.; Trinidad, A.; Nolasco, A.Q. and
Muratalla Lua, A. (2018). Glucosides in
response to two sources of nutrition in
Stevia  rebaudiana  Bertoni.  Terra
Latinoamericana, 36(4):411-421.

Marwaha, T.S; Singh, B.V. and Goyal, S.K.
(1992). Effect of incorporation of Azolla
on wheat (Triticum aestivum var HD-
2329). Acta Botanica Indica, 20:218-218.

Massoud, H.; Sharaf-Eldin, M. and
Sheashaa, A. (2017). Effect of bio-
fertilizers, plants extracts and active dry

yeast on marjoram plants. Journal of
Plant Production, 8(5):657-663.

Meeks, J.C.; Steinberg, N.A.; Enderlin, C.S.;
Joseph, C.M.; and Peters, G.A. (1987).
Azolla-Anabaena  relationship:  XIIIL.
Fixation of [13N] N2. Plant Physiology,
84(3):883-886.

Muanda, F.N; Soulimani, R.; Diop, B. and
Dicko, A. (2011). Study on chemical
composition and biological activities of
essential oil and extracts from Stevia
rebaudiana Bertoni leaves. LWT-Food
Science and Technology, 44(9):1865-
1872.

Probir, K.; Kumar, R.; Guleria, V.; Mahajan,
M.; Prasad, R.; Pathania, V. and Singh,
B. (2015). Crop-ecology and nutritional
variability  influence  growth  and
secondary  metabolites of  Stevia
rebaudiana bertoni. BMC Plant Biology,
15(1):1-16.

372



Scientific J. Flowers & Ornamental Plants, 8(3):353-374 (2021)

Rabie, K.A.; El-Sherif, M.H.; El-Shahat,
R.M. and Ali, F.S. (2020). Azolla as an
alternative of mineral nitrogen for
chamomile plant (Matricaria chamomilla
L.) fertilization in sandy soil. Asian
Journal of Soil Science and Plant
Nutrition, 5(4):1-13.

Rachael, R. (2018). Yucca Root Benefits
Immunity, Skin, Joints & More.
Retrieved from https://fdc.nal.usda.gov/

Rayment, G.E. and Lyons, D.J. (2010). Soil
Chemical Methods — Australasia, CSIRO
Publishing, Australia, 495 p.

Saeedi, P.; Petersohn, [.; Salpea, P.;
Malanda, B.; Karuranga, S.; Unwin, N.;
and Williams, R. (2019). Global and
regional diabetes prevalence estimates for
2019 and projections for 2030 and 2045:
results from the International diabetes
federation diabetes atlas, 9" edition.
Diabetes Research and Clinical Practice,
157: 107843.

Snedecor, G.W. and Cochran, W.G. (1989).
Statistical Methods, 6 Ed. Ames., Iowa,
Iowa State University Press Section,
12:349-352.

Verma, P.P.S.; Kumar, A.; Padalia, R.C. and
Singh, V.R. (2020). Influence of NPK
levels on growth and yield of Stevia
rebaudiana Bertoni under hills of
Uttarakhand. Indian Journal of Natural
Products and Resources, 11(1):66-72.

Watanabe, 1.; Padre Jr, B. and Ramirez, C.
(1991). Mineralization of azolla n and its
availability to wetland rice: I. Nitrogen
mineralization of different azolla species
as affected by their chemical
composition. Soil Science and Plant
Nutrition, 37(4):679—688.

Willer, H. and Lernoud, J. (2019). The
World of Organic Agriculture Statistics
and Emerging Trends. Research Institute
of Organic Agriculture FiBL and IFOAM
Organics International, Switzerland, 351
p.

Wilson, G; and Al-Hamdani, S. (1997).
Effects of chromium (vi) and humic
substances on selected physiological

responses of  Azolla  caroliniana.
American Fern Journal, 87(1):17-27.

Wulff, E.G.; Zida, E.; Torp, J. and Lund,
0.S. (2012). Yucca schidigera extract: a
potential biofungicide against seedborne
pathogens of sorghum. Plant Pathology,
61(2):331-338.

Ziedan, E. and Eisa, E. (2016). The use of
some micronutrients and plant extracts of
resistance to powdery mildew and
nutrition dill plants in the gharbiyah
governorate. Journal of Plant Protection
and Pathology, 7(9):579-586.

a3 (e S gl 9 ¥ g 391 g S Ayl Clalilional g Sl gl Slauad (5 Gl slacll 50
p Ui g g cand L) il o (g plaad) Cy 31 J guana g (5 )

¥

*)}@AM‘JW}**HL’J\@W%‘}}‘*ngﬁﬂ‘*w‘ﬁij&dui\

)..AA‘B)M'AS\‘g\M\&Hﬁf‘ﬁ)u\}w\uugﬂ\rmé**

ol Sl 5 ol L) Jie Lelilaa) ey Sull Alad) dpeplall jabiad) Juadl (e L) il ey

¢ Sl (5 gise asia g ¢ pall ataia (5 e Jana Glld 3 Lay ¢ Adal) sl (e daall Sl e g sill 38 g S
e b e Ol et Gy gal @ ) Les anSY) liliaay ¢ al Y Gliliany ¢ i) Clabiaa g
3alEll o) jacall Cgay 3K yal daslill el Cosing an (el o A el de 3l Yo Yo /Y008 5 Y0V 4/Y VA
Claall e Laplall claliiial s Sl sall slaw 58l A 52l ¢ Lh Daals Aoy 50 LS (il and e o slailly
Laplal) Claliiiadl ge e sl dlews O @il @ pedal L) il (gokaall Cy 3l Jsaanay Ao s Al
phine b il ol (o Jsemal) o5 1aiudU (g skaall 3l (5 sima s sall pallaad o S 58l Legl (1S Aaliad)
ALl o il claliius ga (T1) el slasd) (o Ly oaasall Ge all Jeld o Y1 Ldall b i lladl

373



Eman M. Abou El-Ghait et al.

e o aaS 00 v vt (5 sl slandl (o gy (o sall Ao jall Cial ae o815 (V) Aliall pe ol s 400
Slel Y W5 a sl aliiue e IS A ,Y) ALaY) Cilas G (T3 X M) ) (T3 X Ma) Jie (T3) basul
6 el el (o gy oam sall Ao jal) i aladil Gl adald IS5 VA adies 8 oo 5 ) sS0a C laall o
A sl BaauY) plasind ASEa (e N ) (gl 4y oamnsall Gm syl (5 sine Jalay ey s sl ey allasi
bl e Jgandl 5o ol 5 ¥ 5 5V ealiivu aladin) Alaly 5y 58 e ddpala®@¥) ) ¥l daall e

Sl el g sl

374





