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which recorded (40.7 and 30.29)%, respectively. In contrast, the triple
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1. Introduction

The current importance of bioremediation stems from its alignment with the environmental and
agricultural challenges facing Iraq. The country is suffering from an increasing scarcity of water
resources and deteriorating soil fertility due to high salinity and chemical pollution. This underscores
the need to adopt sustainable agricultural technologies that increase water use efficiency and restore soil
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vitality. Combining biofertilization with mushroom farm waste and nanofertilizers represents a
promising solution, as it contributes to improving soil structure and increasing its ability to retain
moisture and nutrients, reducing the need for irrigation and chemical fertilizers (Al-Kubaisi et al., 2013;
C1g and Sonmez, 2020; The National News, 2023).

The research gains additional significance as it examines the stevia plant, a native plant with
potential adaptation to Iraq's environmental conditions. It is characterised by the production of locally
produced healthy sweeteners, opening up promising economic prospects for both the local market and
export markets. Furthermore, recycling mushroom farm waste and converting it into a food source for
the soil achieves added environmental value by reducing pollution and decreasing reliance on imported
agricultural inputs. This aligns with global trends toward sustainable agriculture and the use of modern
technologies such as nanotechnology to enhance productivity and quality.

The types of bacteria added as biofertilizers vary, and their uses vary in terms of being
phosphorus solubilisers, such as Pseudomonas bacteria, in addition to the presence of some species that
analyse organic materials and secrete some growth stimulants, such as Xanthomonas bacteria (Karpinski
et al., 2025). Mandal et al. (2013) found that bioinoculation improved the production of secondary
compounds in Stevia. Vafadar et al. (2014) reported significantly higher values of stevioside content in
the plant leaves after bioinoculation, 63.01 mg g, compared to that of the control, 48.05 mg g'. The
researchers attributed the increase in the stevioside compound, which is one of the secondary
metabolism compounds, to the relationship this compound shares with the stimulants produced by the
bioinoculation, which may be due to the release of hormones and some biologically active molecules
produced by other microorganisms. As a result, the soil works as a stimulator that stimulates stevioside
production, in addition to the role of fertilizers as stimulants influenced by vaccination bacteria, such as
nutritional value mushroom waste, especially NPK, containing high cation exchange capacity. Some
mushroom waste is also used to treat water contaminated with nickel and copper. Adding white
mushrooms to soils intended for agriculture is among the natural directions. Due to its large quantities
of waste, it differs from chemical fertilizers because it supplies nutrients slowly.

The white mushroom waste fertilizer can replace or supplement the use of growing media to
cultivate crops of economic value. The research conducted by Taha (2018) found that adding extra
mushroom waste supplementation to watercress plants significantly affected all the parameters related
to growth and yield compared with the control treatment. Meanwhile, nano zinc influences the synthesis
of fats, the metabolism of carbohydrates, proteins, and nucleic acids, and the activity of plant hormones
(Zafar et al., 2022; Shin et al., 2025). Boron is a microelement essential for good plant growth but poorly
defended in the soil. Nano boron fertilizer corrects this shortcoming, supplying the plant with boron at
a higher concentration. The ability of nano boron fertilizer to enter the plant cells and provide them with
the required microelements will help transport sugar. The lack of this element provokes the local death
of the plant tissues. It is a critical element for protein formation because it influences nitrate reduction
and amino acid formation (Gehlout et al., 2022; Fanin et al., 2025).

The current progress in the agricultural sector, encompassing various aspects, including the
cultivation of new field crops with economic returns and high nutritional value, such as Stevia, requires
more effort and continuous pursuit in developing appropriate plans to expand these crops' cultivation
areas. (Stevia rebaudiana Bertoni) It is a perennial herbaceous plant belonging to the Asteraceae family.
It is a multi-cut plant, giving 3-4 cuts annually. It is characterised by its low water requirements (Al-
Khafaji, 2014). It is grown in various types of soil. It is one of the most profitable crops, with significant
demand in global markets. Its importance lies in the fact that its leaves contain a group of local
compounds from the group of steviol glycosides, which are 200-300 times sweeter than table sugar
without harming or raising blood sugar levels because they contain no calories. Therefore, this plant is
a safe alternative to refined table sugar. Stevia leaves contain Steviol glycosides, which can benefit
human health. Stevia leaves have functional and sensory properties superior to many other highly
effective sweeteners and are likely to become a significant source of highly effective sweeteners. The
sugars in Stevia can be used in more than 600 food products, such as nutritional supplements, doughs,
baked goods, medicines, etc. (Mohamed and Al-Said, 2014; Maisuria et al., 2022).

Stevia is also a good source of carbohydrates, proteins, crude fibres, and minerals (Abou-Arab
et al., 2010). Rebaudioside A. is a compound that belongs to Steviol glycosides, which is more effective
than Stevioside and is the most stable among the glycosides. It has solubility and does not taste bitter
due to its additional glucose unit at the C-13 position, giving it a higher sweetening power than
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Stevioside. Thus, it is the most interesting component in stevia extracts (Lemus-Monica et al., 2012),
given the above-mentioned importance of the stevia plant from a medical and economic perspective,
which requires increasing its cultivation in several ways, in addition to following a specific fertilization
system to achieve better production. According to Taipei (2005), the deficiency of boron affects sugar
crops; therefore, it is necessary to include this element because these crops are depleted and, at high
production rates, need high levels of fertilizer application to achieve maximum yields.

This study aims to evaluate the effect of adding Pseudomonas aeruginosa, mushroom farm
waste, and nanofertilizers on the active carbohydrate content of stevia leaves. The aim is to improve the
nutritional and functional value of the plant, increase its productivity and quality, and utilise sustainable,
environmentally friendly agricultural methods. This approach utilises agricultural waste and reduces
reliance on traditional chemical fertilisers. The study also seeks to explore the feasibility of applying
these treatments under Iraq's environmental conditions, characterised by water scarcity and soil
degradation. This will contribute to finding practical solutions to increase agricultural production
efficiency and conserve natural resources.

2. Materials and Methods

Diwaniyah Agricultural Research Station (affiliated with the Ministry of Higher Education)
Location: Located in Al-Qadisiyah Governorate (Diwaniyah), central Iraq, at approximately 31.99°N
and 44.92°E. The area is located near the Euphrates River and on the fertile floodplain of the Tigris
River, making it an important agricultural region. Diwaniyah's current urban population is
approximately 610 000.

Climate and Geographic Diversity: The area has a hot desert climate (BWh according to the
Koppen classification), with long, dry summers with maximum temperatures reaching 52 °C and mild
to cool winters (minimum temperatures ranging from 13 °C to 15 °C). Annual rainfall is scarce (less
than 120 mm), and the surrounding area consists of wet agricultural plains, ponds, and semi-desert areas.
The importance of Stevia in the region: Due to the high population density, Stevia is considered a healthy
alternative to sugar, especially for diabetics or those looking to reduce their calorie intake. It is naturally
extracted and regulates blood sugar levels, helping to reduce the risk of oxidative stress and obesity.
Stevia is widely grown locally, meeting the growing demand for low-calorie sweeteners. Given the
significant population growth in Diwaniyabh, it is a promising and profitable agricultural option (Figure

).

’ Diwaniyah Governorate

IRAQ

Figure 1. Map of Iraq showing the administrative division of Diwaniyah Governorate, where Stevia
was first cultivated.

The trial was conducted at Diwaniyah Research Station during the Winter 2024 agri-season to
prepare the field for cultivating stevia plants. The field was partitioned into three 'sectors, with each
sector containing 24 experimental units, and various fertilizers were applied, including nitrogen,
phosphate, and potassium, along with bio-inoculation and mushroom waste treatments.
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The stevia seedlings were planted on February 15, 2024. They were irrigated through a drip
system, with the first harvest occurring on June 15, 2024, followed by a second harvest on October 15,
2024.

The following treatments were used in the experiment. Each treatment was replicated three
times, bringing the total number of experimental units to 72. The experiment included the following
factors:

1. Factor 1: Biological inoculum at two levels: BO = without adding the biological inoculum,
and B1 = adding the biological inoculum of Pseudomonas aeruginosa.

2. Factor 2: Adding white mushroom waste (spent compost), at three levels: Ab0 = without
adding white mushroom waste, Abl = adding white mushroom waste at the level of 5 tons h™', and Ab2
= adding white mushroom waste at the level of 10 tons h™".

3. The third factor: adding nano fertilizer at four levels: NO = without adding nano fertilizer, N1
= adding 2 kg h™! of nano boron, N2 = adding 4 kg h' of nano zinc, and N3 = adding a mixture of 1 kg
h!' of nano boron + 2 kg h™' of nano zinc.

Stevia seedlings were planted on February 15, 2024, in experimental units, each containing three
rows 50 cm apart and 25 cm between plants. The plant density reached 80 000 plants per row. The
number of plants per row was 5, i.e., 15 plants per experimental unit. Irrigation was performed by
calculating the available water value as the difference between the field capacity and the permanent
wilting point. A volumetric moisture level was maintained at 50-55% of the available water consumption
throughout the growing season. Irrigation was performed via a network of drippers placed at 25 cm and
50 cm intervals, respectively. Manual weddings were held once a week. The bio-inoculant was added
to the soil after planting at a rate of 2 ml per plant, according to the treatments. White Mushroom residues
were added two weeks before planting, according to the treatments. Nano-fertilizers were added all at
once at planting, according to the treatments. The crop was harvested for the first time on 6/15/2024,
and then again on 10/15/2024.

Table 1. Some chemical analyses of the studied soil were done before planting

Parameter Value Unit
pH 11 7.23 -
EC 11 4.78 ds m!
CEC 15.18 Centi mole * kg!
Available Nitrogen 23.8 mg Kg! soil

Available phosphorus 4.6
Available Potassium 258.91

CaCO; 201.00 g Kg'! soil

2.1. Studied characteristics
2.1.1. Soluble and insoluble carbohydrates (%)

The determination of soluble or insoluble carbohydrates was conducted following the method
outlined by Joslyn (1970). 0.2 g sample was mixed with 8.8 ml of 80% perchloric acid and incubated in
a water bath at 60 °C for 30 minutes. After incubation, the mixture was filtered, centrifuged, and
subjected to additional extractions. The final filtrate was then diluted to 50 ml, and a specific chemical
reaction was performed to measure the optical absorbance at 490 nm, allowing for the calculation of
reducing sugars based on a glucose standard calibration curve.

2.1.2. Estimation of the content of gibberellic acid (%)

To analyse the gibberellic content in leaves, a sample of 3 g of ground leaves is mixed with 20
ml of zinc acetate and allowed to sit for 5 minutes. Then, 20 ml of potassium ferrocyanide is added, and
the mixture is centrifuged at 8000 rpm for 15 minutes. Afterwards, 5 ml of the supernatant is combined
with 15 ml of 30% hydrochloric acid and incubated for 90 minutes, after which the absorbance is
measured at 254 nm using a standard solution prepared from 10-50 pg mL™' (Kaufman et al., 1976).
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2.1.3. Estimation of medically active compounds in Stevia leaves

Estimation of the content of stevioside and rebaudioside A. in the leaves. The Percentage of each
of the Stevioside and rebaudioside A. compounds was estimated in one of the laboratories of the Ministry
of Science and Technology, using a high-performance liquid chromatography (HPLC) device, Agilent
Model 1200, according to the method mentioned by Vangk et al. (2001). The extraction and separation
of stevioside and rebaudioside A. involved collecting and drying leaf samples at room temperature until
a constant weight was achieved. The dried samples were ground and stored in sealed bags in a
refrigerator until analysis. For the study, standard solutions of Stevioside and rebaudioside A. were used,
and qualitative and quantitative detections were performed by comparing the retention times of the
samples with those of the standard compounds (Table 2).

Table 2. The retention time of standard stevioside and rebaudioside A. compound under
chromatographic separation conditions

Standard compound Vessel detention time (min)
Stevioside 6.02
Rebaudioside A. 8.08

2.2. Statistical analysis

The measured data in three repetitions for the study indicators were taken and statistically
analysed according to the design above using the Genstat program. The averages were compared using
the least significant difference (LSD) test at a probability level of 0.05 (Al-Rawi and Khalaf Allah,
1980).

3. Results and Discussion

3.1. Carbohydrate content of leaves (%) in the first and second harvests

The results shown in Table 3 and Table 4 indicate the combined effect of P. aeruginosa bacteria,
white Mushroom waste, and nano fertilizer on the total carbohydrate content of stevia leaves during the
first and second harvests the addition of the bio-inoculant B1 was significantly superior giving the
highest total carbohydrates value over the two harvests at 67.5% and 61.2 %, respectively, compared B0
control or reference treatment which gave values of 54 % and 45.9% over the same harvest periods.
These bacteria stimulate an increase in the size of the root system, which is positively reflected in an
increase in the biomass of the vegetative system. This is because the root system's ability to absorb water
and nutrients includes nitrogen, phosphorus, potassium, magnesium, iron, copper, and manganese.
Simultaneously, an increase in total carbohydrates in the vegetative system was also noted. An increase
in the concentration of total carbohydrates is related to the improvement of Steviol glycoside group
synthesis (Xu et al., 2023).

Results of the statistical analysis show that the study factor, which involves adding white
mushroom waste at three levels (AbO, Abl, and Ab2), is significantly superior as the Ab2 level proves
best by providing the highest total carbohydrate content in the leaves of the Stevia plant at both stages;
it attained 67.0% and 61.2%, respectively, compared to the control treatment Ab0O, which registered
52.5% and 44.4% in that order. This came as a result of adding white Mushroom waste and its role in
improving the physical, chemical, and biological properties of the soil, and the resulting release of the
most significant amount of nutrients ready for absorption by the roots and then affecting the
physiological processes of the plant and the subsequent positive effect on the characteristics of
vegetative growth. The ready nitrogen resulting from the Mushroom waste also enters into the
composition of several organic compounds essential in the vital processes in the plant, as it enters into
the composition of nucleic acids such as DNA and RNA and enters into the composition of enzymes
and cytochromes necessary in the process of respiration and photosynthesis (Alves et al., 2022), while
the ready phosphorus also resulting from white Mushroom waste is essential for several vital processes
such as photosynthesis and carbohydrate building in plant leaves (Huang et al., 2011).

The statistical analysis data showed that the study factor included the addition of nano fertilizer
at four levels (NO, N1, N2, N3), as the results shown in Table 5 and Table 6. It was during the two
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periods that the N3 level was proven to be significantly superior and that the highest rate of total
carbohydrates in the leaves was recorded 65.2% and 57.7%, respectively, in comparison to NO, and the
composition of other organic compounds. All these activities improve the plant's vegetative growth,
represented by increasing the plant height, dry weight of the leaves, and the total yield, which is
positively reflected in increasing the Percentage of carbohydrates in plant leaves (Zewail et al., 2021;
Demir and Akinci, 2022). The reason is that the elements of zinc and nano boron enter into the
composition of the group of enzymes that participate in the construction process.

The results showed that the interaction between P. aeruginosa bacteria and white Mushroom
waste resulted in a significant superiority in the total carbohydrate content of the leaves in the first and
second harvests; both the dual treatment B1Ab2 registered the highest rate of total carbohydrates during
the two periods at 71.6% and 65.6%, respectively compared to the comparison treatment BOAbO which
gave 44.20% and 34.7%, respectively. The marked increase in percentage carbohydrate content of stevia
plant leaves under the bacterial inoculation treatment supplemented with a part of the fertilizer
recommendation for white mushroom waste is attributed to bacterial inoculation added with mushroom
waste that establishes highly efficient and organized mineral element distribution both in the plant and
the soil, further enhancing the availability of these nutrients in the soil and driving increased
consumption of nutrients by the plant, positively influencing the total carbohydrate content of the plant
leaves (Allu et al., 2014; Li et al., 2020). On the other hand, the interaction between P. aeruginosa
bacteria and nano-fertilizer had a marked effect on the total carbohydrate rate because the dual treatment
BINS3 reported the highest total rate of carbohydrates during the two harvests, which was 72.4% and
65.1%, respectively, as compared to the comparison treatment BONO, which showed 48.4% and 40.2%,
respectively. Physiological plant characteristics due to increased photosynthesis components resulting
from the interaction of nano and bio fertilizers stimulate interest in enhancing dry weight, resulting from
enhanced nutrient absorption by the plant from the soil, positively related to the plant's total
carbohydrate contents (Allavi and Padmanabh, 2019).

Table 3 and Table 4 indicate that the dual interaction between white Mushroom waste and nano
fertilizer exhibited significant superiority in the rate of total carbohydrates in the leaves since the Ab2N3
treatment even outperformed in the two harvests, whereby it recorded 70.2% and 64.6%, in comparison
to the comparison treatment, which happened to record 48.9% and 40.2%, respectively. It is attributed
to the favorable function of white mold residues in fostering the plant's green mass, and for equilibrium,
there is an increase in root mass due to heightened ramifying of roots as well as root hair development;
this becomes an increase in the root surface area whereby positive reflection is to be affected in
increasing mineral element absorption by the plant and their accumulation in the leaves, positively
affecting leaf contents of total carbohydrates (Li et al., 2023; Al-Hasnawi and Jarallah, 2024).

In addition to the function of zinc and nano-boron, the nutrient uptake plays a role in direct
impact on the nutrient permeability and stability of the cell wall; it reflects positively on growth features
and yield of Stevia, hence an increase in the content of carbohydrates in the leaves (Rabia et al., 2017).
Results of the statistical analysis show that the triple interaction between the study factors displayed a
significant superiority in leaf content of total carbohydrates, as the triple combination B1Ab1N3 proved
to be superior during the two seasons and recorded 77.5% and 70.8%, respectively, compared to the
check treatment, which recorded 40.7% and 30.2%, respectively.

This superiority resulted from adding the bacterial vaccine, which led to an increase in the
readiness of these elements in the soil and its effect on the decomposition of the white Mushroom waste
used which works to improve its physical, chemical, and fertility properties, such as increasing the cation
exchange capacity and its work as a chelating substance that limits the loss and deposition of nutrients.
In addition, it reduces the degree of soil reaction in the root zone while releasing ions. Hydrogen, various
organic acids, and CO, gas, when the decomposed yield from (Kaya et al., 2019; Yu et al., 2021), which
leads to an increase in the availability of elements in the soil or through the role of zinc and nano-boron
in increasing the activation of the enzyme H+ ATPase in the cell membrane of cells as this enzyme
increases the absorption of nutrients and their transfer and amino acids through wood and bark (Tahir et
al., 2009), and the effect of bacteria used in increasing the activity of the root system and increasing the
speed of root respiration and providing the energy necessary for the roots to actively absorb elements
and thus increase the Percentage of carbohydrates in plant leaves. (Durairaj et al., 2017).
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Table 3. The effect of P. aeruginosa bacteria, white Mushroom waste, and nano-fertilizer on the plant
content of the Percentage of total carbohydrates in the leaves in the first harvest

B0 B1
P.aeruginosa inoculation (B) 54.0 67.5

LSD 0.05 0.9
Ab0 Abl Ab2
White mushroom waste (Tones h™” 52.5 62.8 67.0

LSD 0.05 1.1
NO N1 N2 N3
Nano fertilizer (kg h™") 55.8 61.2 60.8 65.2

LSD 0.05 1.2

Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste

AbO Abl Ab2
B0 44.20 55.6 62.3
B1 60.8 69.9 71.6

LSD 0.05 1.5

Bilateral interaction between P.aeruginosa inoculation and nano fertilizer

NO N1 N2 N3
B0 48.4 54.8 55.0 58.0
B1 63.2 67.5 66.6 72.4

LSD 0.05 1.8

The dual interaction between white mushroom waste and nano fertilizer

NO N1 N2 N3
AbO 48.9 52.5 523 56.3
Abl 56.5 63.0 62.5 69.2
Ab2 62.0 68.0 67.6 70.2

LSD 0.05 2.1

Triple interaction between study factors
NO N1 N2 N3
AbO 40.7 43.8 44.8 47.5
BO Ab1 49.3 57.2 55.2 60.8
Ab2 55.2 63.4 65.0 65.6
Ab0O 57.2 61.1 59.7 65.0
B1 Ab1l 63.7 68.8 69.7 77.5
Ab2 68.9 72.6 70.3 74.8
LSD 0.05 least significant difference 3.0

Table 4. Effect of P. aeruginosa bacteria, white Mushroom waste, and nano fertilizer on the plant content
of total carbohydrate percentage in leaves in the second harvest

BO B1
P.aeruginosa inoculation (B) 45.9 61.2
LSD 0.05 1.0
AbO Abl Ab2
White mushroom waste (Tones h™V 44 4 54.9 61.2
LSD 0.05 1.2
NO N1 N2 N3
Nano fertilizer (kg h™") 48.2 54.0 54.2 57.7
LSD 0.05 1.4
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
AbO Abl Ab2
B0 34.7 46.1 56.8
B1 54.2 63.6 65.6
LSD 0.05 1.7
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
B0 39.3 46.7 472 50.2
B1 57.1 61.3 61.2 65.1
LSD 0.05 2.0
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
Ab0 40.2 44.7 455 47.4
Abl 48.4 55.8 54.4 61.0
Ab2 56.1 61.4 62.7 64.6
LSD 0.05 2.5
Triple interaction between study factors
NO N1 N2 N3
AbO 30.2 344 36.5 37.7
BO Abl 39.2 48.8 454 51.2
Ab2 48.5 56.9 59.9 61.8
AbO 50.1 55.0 54.5 57.1
B1 Abl 57.5 62.7 63.5 70.8
Ab2 63.6 66.0 65.5 67.4
LSD 0.05 least significant difference 3.5
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3.2. Effect of P. aeruginosa bacteria, white mushroom waste, and nano fertilizer on gibberellins
in leaves (%) in the first and second harvests

The results in Table 5 and Table 6 showed the study of the combined effect of P. aeruginosa
bacteria, white Mushroom waste, and nano fertilizer on the gibberellins content of stevia leaves (%) in
the first and second harvests, as the two tables show that the addition of the bio-inoculum B1 was
significantly superior and recorded the highest Percentage of gibberellins, Attaining 16.82% and
18.96%, respectively, as opposed to the comparison treatment B0, which marked 13.02% and 16.43%,
respectively. The soil-inoculated bacteria P. aeruginosa are instrumental in enhancing nitrogen levels
and conversion to amino acids and compounds aiding tissue formation in the plant; subsequently, it
enhances plant growth and boosts the vegetative mass, positively manifested by growth features, yield,
and leaf content of gibberellin (Stover et al., 2000; Dimki¢ et al., 2022).

White Mushroom waste addition at its three levels, AbO, Abl, and Ab2, caused a significantly
superior gibberellin leaf content in the two gardens, with level Ab2 being the best by giving the highest
Percentage of gibberellin, reaching 17.43% and 20.49%, respectively, compared to the comparison
treatment Ab0Q, which showed 11.77% and 13.95%, respectively. This is because of the function of white
mushroom waste in reducing pH since it comprises organic acids responsible for increasing nutrient
availability in the soil; this works to enhance their absorption by the roots, hence leading to superiority
in both growth and yield traits of the plant, and lessening the element deficiency stress on which related
to an increase in the content of gibberellin on the leaves (Tay et al., 2011; Marques et al., 2014).

The statistical analysis data also indicated a significant effect of applying the nano-fertilizer that
contains four levels expressing the content of stevia leaves' gibberellin (%) in the two vines. The best
superiority was for level N3 during the two vines. The percentages were 16.47% and 19.26%,
respectively, compared to the control treatment NO, which gave 12.68% and 15.39%, respectively. This
is because Zinc and Nano-boron help make photosynthesis more efficient and increase the output stored
as dry matter in plant parts. All of this will have a good effect on how well photosynthesis works and
will help raise the production of this process, along with dry matter, total yield, and sweetener
concentration. It will also boost the Percentage of gibberellin in stevia plant leaves. (Sarma and Sarma,
2017).

The gibberellin content in leaves was significantly increased due to the interaction between P.
aeruginosa and white Mushroom waste, resulting in a high percentage of superiority in leaves. The
double treatment B1Ab2 gave the maximum value for the first and second cuts, 19.33% and 21.29%,
respectively, compared to the check treatment BOAbO, which showed 10.02% and 12.41%, respectively.
This is because the white Mushroom waste is rich in many major and minor nutrients, and the addition
of P. aeruginosa into the soil helps in decomposing the white Mushroom waste and also contributes to
nutrient decomposition; hence, leaf dry weight increased, and carbon metabolism was encouraged,
leading to more synthesis from photosynthesis and their subsequent accumulation in the plant. This
promoted increased gibberellin content in plant leaves (Medina et al., 2009).

On the contrary, in the interaction between P. aeruginosa bacteria and nano-fertilizer, a
significant contribution was shown in the content of gibberellin in the leaves of Stevia. Dual treatment
B1N3 brought about the maximum Percentage in two plants, which was 18.53 and 20.62%, respectively,
compared to the check treatment BONO, which gave 11.65% and 14.43%, respectively. This could be
attributed to the impact of zinc and nano-boron on many of the essential activities and their principal
roles in stimulating vegetative growth. One of the most critical processes is the biosynthesis of auxins,
including the hormone (IAA) that directs the development of seedlings and growing plant tips by its
contribution to the synthesis of (Tryptophan), and then the effect of zinc on nitrogen metabolism and
photosynthesis (Cierech et al., 2018).

In addition to the essential role played by added P. aeruginosa bacteria in promoting soil
properties via nutrient solubilization, this became clear, especially with the increased vegetative growth
where it resulted in more increase both in the length of the plant and in the Percentage of carbohydrates
in the leaves as well as the Percentage of dry matter in the leaves, also with an increase in the gibberellin
content in the leaves of the plant (Sarma and Saikia, 2014). Results further revealed that dual interactions
of white Mushroom waste x nano fertilizer caused significant superiority in the percentage rate of
gibberellin in the leaves, as Ab2N3 treatment turned out better in the two harvests with percentages of
19.23% and 21.90%, as against the comparison treatment that gave 10.07% and 12.00%, respectively.
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This is because white mushroom waste improves the soil composition, balances its aeration, reduces the
pH, and increases the available amount of water and mineral elements that the plant can obtain from the
appropriate amount of nutrients necessary for its growth (Moon et al., 2012).

In addition to the significant role played by nano zinc and boron in many vital functions,
including stimulating several enzymes, including the enzyme found in chloroplasts and acting as a
regulator of the cell's pH, thus preventing the change like proteins, encouraging the work of the growth
regulator, stimulating the formation of cytochrome, and the role of zinc in building proteins, vitamins,
and some enzymes, and its significant association with the element nitrogen. These critical roles of zinc
and boron were positively reflected in the gibberellin content in the leaves (Zhang et al., 2011).

The statistically analysed data in the tables show that the triple interaction between the study
factors indicated a significant superiority in the Percentage of gibberellin in the leaves, as the triple
combination BIAb2N3 was superior in the two genotypes. It was 20.88% and 22.86%, respectively,
compared to the check treatment, which was 8.79% and 10.13%, respectively. This is because, through
their roles, nano zinc and boron enhance the efficiency of bioinoculation with the bacterium
P.aeruginosa. This process enhances nitrogen fixation, major and minor nutrient availability, and
chelating compounds. It also boosts plant hormones for growth regulation and the maintenance of soil
fertility while safeguarding the plant against environmental stress conditions. This also includes white
Mushroom waste decomposition, further increasing the plant's availability and uptake of major and
minor elements. Such activities directly enhance the gibberellin content of the plant. (Goldbach and
Wimmer, 2007; Cierech et al., 2018; Khan et al., 2022; Al-Khalidi and Al-Taweel, 2024;).

Table 5. The effect of P. aeruginosa bacteria, white Mushroom waste, and nano fertilizer on the plant's
gibberellin content in the first harvest

B0 B1
P.aeruginosa inoculation (B) 13.02 16.82
LSD 0.05 0.19
White mushroom waste Ab0 Ab1l Ab2
(Tones h') 11.77 15.56 17.43
LSD 0.05 0.23
NO N1 N2 N3
Nano fertilizer (kg h™') 12.98 15.02 15.22 16.47
LSD 0.05 0.26
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
Ab0 Abl Ab2
B0 10.02 13.52 15.53
B1 13.53 17.60 19.33
LSD 0.05 0.32
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
B0 11.65 13.07 12.98 14.41
B1 14.32 16.97 17.47 18.53
LSD 0.05 0.37
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
Ab0 10.07 11.89 12.09 13.05
Abl 13.32 15.77 16.03 17.13
Ab2 15.56 17.39 17.55 19.23
LSD 0.05 0.45
Triple interaction between study factors
NO N1 N2 N3
Ab0 8.79 9.73 10.39 11.17
B0 Abl 12.14 14.04 13.42 14.47
Ab2 14.00 15.45 15.12 17.57
Ab0 11.34 14.06 13.80 14.92
B1 Abl 14.49 17.50 18.63 19.79
Ab2 17.12 19.34 19.99 20.88
LSD 0.05 least significant difference 0.64
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Table 6. Effect of P. aeruginosa, white Mushroom waste, and nanofertilizer on plant gibberellin content
in the second harvest

B0 B1
P.aeruginosa inoculation (B) 16.43 18.96
LSD 0.05 0.30
White mushroom waste Ab0 Ab1l Ab2
(Tones h') 13.95 18.65 20.49
LSD 0.05 0.37
Nano fertilizer (kg h™') NO N1 N2 N3
15.39 18.12 18.02 19.26
LSD 0.05 0.42
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
Ab0 Abl Ab2
B0 12.41 17.21 19.68
B1 15.49 20.10 21.29
LSD 0.05 0.52
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
B0 14.43 16.92 16.47 17.90
B1 16.34 19.32 19.57 20.62
LSD 0.05 0.60
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
Ab0 12.00 14.42 13.93 15.45
Abl 15.55 19.21 19.41 20.43
Ab2 18.61 20.72 20.72 21.90
LSD 0.05 0.73
Triple interaction between study factors
NO N1 N2 N3
Ab0 10.13 13.01 12.67 13.81
B0 Ab1l 14.70 17.78 17.39 18.96
Ab2 18.47 19.95 19.35 20.93
Ab0 13.86 15.83 15.18 17.09
B1 Abl 16.39 20.64 21.43 2191
Ab2 18.75 21.48 22.08 22.86
LSD 0.05 least significant difference 1.03

3.3. Effect of P. aeruginosa bacteria, white Mushroom waste, and nano fertilizer on the content
of Stevioside sweeteners (%) in the leaves in the first and second harvests

The results of statistical analysis in Table 7 and Table 8 showed a study of the joint effect of P.
aeruginosa, white Mushroom waste, and nano fertiliser on stevioside content of leaves in the first and
second harvest. The results inferred that the application of bio-inoculate B1 was significantly better in
both the harvests and expressed the highest Percentage of stevioside sweetness, 7.894% and 8.783%,
respectively, as compared to the reference treatment B0, giving 7.212% and 7.996%, respectively. A
marked increase in the Stevioside compound secondary metabolites is probably due to the relationship
of this compound with the exudates released by the bacteria used, which may release hormones and
some biologically active molecules produced by other microorganisms in the soil, which act as
stimulants that stimulate the production of the Stevioside compound (Jha et al., 2009).

The statistical analysis results revealed the marked superiority of the study factor, which is
composed of white mushroom waste addition at three levels (AbO, Abl, Ab2), with the highest
Percentage of Stevioside sweeteners throughout the two seasons. The levels reached 8.359% and
9.294%, respectively, as opposed to the control AbO, which was 6.571% and 7.269%, respectively.
White mushroom waste positively affects plant growth-promoting bacteria and enhances anti-pathogens
in soil. As for the plant, the impact of white mushroom waste is mainly nutritional since it contains
micro- and macronutrients; its action is visible as that of a simple fertiliser, besides various functions
represented by its hormonal effects, which constitute one of the primary reasons for the efficiency of
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biostimulation in the plant group. This leads to more nitrogen, an essential element that goes into the
composition of proteins, enzymes, enzyme cofactors, nucleic acids, and phytochromes. It, therefore,
plays a critical role in the biochemical pathways needed by the Stevia plant for the synthesis of the
Stevioside compound (Ma et al., 2021).

The statistical analysis data indicated that the study factor comprised the addition of nano
fertilizer at four levels (NO, N1, N3, N4), as presented by the results in Tables 13 and 14, which illustrate
that the N3 level manifested remarkable superiority throughout the two harvests and noted 8.088% and
8.985%, respectively, compared to the comparison treatment NO, which reflected 6.964% and 7.696%,
respectively. This is due to the role of zinc and boron in the photosynthesis process through their ability
to increase membrane permeability and facilitate the absorption of nitrogen and iron. These two
compounds enhance plastid formation and photosynthesis. Thus, the stevia leaves' content of
carbohydrates increases total carbohydrates, thus increasing the content of Stevia leaves in Stevioside
sweeteners (Ghasem et al., 2018).

The interaction between the P. aeruginosa bacteria and the white Mushroom residues resulted
in markedly higher percentages of Stevioside sweeteners in the leaves of the stevia plant in the first and
second harvests since the dual treatment B1Ab2 attained the maximum Percentage of Stevioside
sweeteners in the two harvests, which were 8.785% and 9.773%, respectively, as compared to the check
treatment BOAbO, which gave 6.294% and 6.940%, respectively. The reason for the superiority is the
white Mushroom residues. They play a significant role in many physiological processes in the plant due
to their provision of some amino compounds for plant growth, which ultimately leads to enhanced
growth of root hairs and the spread of the root system in the soil (Joniec et al., 2022). In addition, bacteria
play a significant role in the increased effectiveness of carbon metabolism and the building of
carbohydrates and sugars. Their contribution to the accumulation of nutrients in the leaves and
transporting them to the other parts of the plant, the plant will excel in all growth and yield
characteristics, which is positively reflected in the content of plant leaves from sweeteners like
Stevioside (Gupta et al., 2006).

Conversely, the interaction between P .aeruginosa bacteria and nano-fertilizer showed a notable
influence on the Percentage of Stevioside sweeteners in the leaves of the stevia plant, where the dual
treatment BIN3 attained the maximum Percentage of sweeteners during the two harvests, which were
8.622% and 9.569%, respectively, as opposed to the comparison treatment BONO, which yielded 6.654%
and 7.335%, respectively. This is because P. aeruginosa bacteria increased the availability of primary
elements as well as the use of micro-nanoparticles such as zinc and boron, which are involved in the
process of food production, respiration, and protoplasmic construction, as they are involved in the
composition of DNA and RNA, which are necessary for cell division, in addition to the manufacture of
hormones and auxins, which are essential in the division and elongation of cells in the interstitial tissues
of the stem, thus increasing the height of the plant and increasing the vegetative mass and the plant's
content of total carbohydrates, which was positively reflected in increasing the Percentage of Stevioside
sweeteners in the leaves (Silva et al., 2010; Javid et al., 2017). Table 7 and Table 8 show that the binary
interaction between white Mushroom waste and nano fertilizer resulted in a significant increase in the
Percentage of Stevioside sweeteners in Stevia plant leaves, specifically in the Ab2N3 treatment.
Outperformed. The two plants. 9.076% and 10.069%. Comparison treatment. 5.880% and 6.369%. This
is the fact that white Mushroom waste, Zinc nano boron. Important in the plant life cycle. Zinc-
responsible hormone. Indole Acetic Acid (IAA). Necessary for cell elongation. This works total plant
carbohydrate content Reflected Percentage. Stevioside sweeteners Stevia Leaves (Agrawal et al., 2017).
The data in Table 7 and Table 8 show that the triple interaction between the study factors revealed
superiority significantly in the percent of Stevioside in Stevia leaves since the triple combination
B1AbIN3 proved to be superior with the two genes having 9.925 and 10.964%, respectively compared
to the check treatment, which resulted in 5.335 and 5.716%, respectively since Zn is essential in the
amino acid Tryptophan synthesis (source of the hormone Indoleacetic Acid for cell elongation). Apart
from their function in synthesising many metabolic and storage compounds, they relate to cell growth
and division and the formation of new cells, thereby increasing Stevioside content in the leaves (Zafar
et al., 2016). It can also be noted the role of white Mushroom waste in stimulation the bacteria added
into the soil to supply the plant with its needs, which was reflected by the plant vegetative, where this
led to an increase in photosynthesis, hence an increase in Stevioside content in the leaves due to the
movement of nutrients to the leaves (Hood et al., 2011; Rajavat et al., 2022).
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Table 7. The effect of P. aeruginosa bacteria, white Mushroom waste, and nano fertilizer on the content

of Stevioside in the leaves in the first harvest

BO B1
P.aeruginosa inoculation (B) 7.212 7.894
LSD 0.05 0.005
Ab0 Abl Ab2
White mushroom waste (Tones h™') 6.571 7.729 8.359
LSD 0.05 0.006
NO N1 N2 N3
Nano fertilizer (kg h™") 6.964 7.562 7.598 8.088
LSD 0.05 0.007
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
Ab0 Abl Ab2
BO 6.294 7.408 7.933
B1 6.848 8.051 8.785
LSD 0.05 0.009
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
BO 6.654 7.367 7.272 7.555
B1 7.274 7.757 7.925 8.622
LSD 0.05 0.010
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
Ab0 5.880 6.790 6.672 6.943
Abl 7.174 7.650 7.847 8.246
Ab2 7.840 8.246 8.276 9.076
LSD 0.05 0.013
Triple interaction between study factors
NO N1 N2 N3
AbO 5.335 6.608 6.514 6.721
BO Abl 7.066 7.477 7.373 7.716
Ab2 7.563 8.016 7.928 8.226
Ab0 6.425 6.972 6.829 7.164
B1 Abl 7.281 7.824 8.321 8.776
Ab2 8.116 8.476 8.624 9.925
LSD 0.05 least significant difference 0.018

Table 8. Effect of P. aeruginosa, white Mushroom waste, and nano fertilizer on leaf content of

Stevioside in the second harvest

P.aeruginosa inoculation (B) B1
8.783
LSD 0.05 0.005
‘White mushroom waste (Tones h” Ab0 Abl1 Ab2
D) 7.269 8.606 9.294
LSD 0.05 0.006
Nano fertilizer (kg h™") NO N1 N2 N3
7.696 8.419 8.458 8.985
LSD 0.05 0.007
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
AbO Ab1l Ab2
BO 6.940 8.234 8.815
B1 7.597 8.978 9.773
LSD 0.05 0.009
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
BO 7.335 8.193 8.056 8.401
B1 8.058 8.644 8.859 9.569
LSD 0.05 0.010
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
AbO 6.369 7.569 7.397 7.740
Abl 7.994 8.509 8.774 9.147
Ab2 8.726 9.178 9.203 10.069
LSD 0.05 0.012
Triple interaction between study factors
NO N1 N2 N3
Ab0 5.716 7.366 7.167 7.513
B0 Abl 7.868 8.333 8.220 8.517
Ab2 8.421 8.881 8.783 9.173
Ab0 7.021 7.773 7.628 7.967
B1 Abl 8.121 8.686 9.327 9.777
Ab2 9.031 9.475 9.623 10.964
LSD 0.05 least significant difference 0.017
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3.4. Effect of P. aeruginosa bacteria, white mushroom waste, and nano fertilizer on the content
of Rebaudioside A. sweeteners in the leaves in the first and second harvests

The Table 9 and Table 10 show a study of the interaction between P. aeruginosa, white
Mushroom waste, and nano fertilizer on the content of Rebaudioside A. sweeteners in the leaves of the
Stevia plant (%) for the first and second harvests, as the results illustrate that the addition of the bio-
inoculate B1 was significantly better and gave the highest Percentage of Rebaudioside A. sweeteners in
the leaves of the Stevia plant, 4.699% and 5.180%, respectively. These were compared with the control
treatment B0, which gave 3.918% and 4.649%, respectively. The addition of P. aeruginosa bacteria
contributed to the formation of a large and strong root system through the bio-exchange processes of
nutrients, thus increasing the absorption of nutrients by the plant, which led to an increase in the plant
height and improved growth and yield characteristics, which was positively reflected in the content of
Rebaudioside A. in the leaves(Wu et al., 2011). The results of the statistical analysis showed the
significant superiority of the study factor that includes the addition of white Mushroom waste at three
levels (AbO, Abl, and Ab2), as the level Ab2 outperformed by giving the highest Percentage of
Rebaudioside A. during the two periods, reaching 5.156 and 6.218%, respectively, compared to the
comparison treatment Ab0, which recorded 3.303 and 3.582%, respectively. This may be attributed to
the white Mushroom residues' effect in increasing the nutrient concentration in the leaves, primarily N
and iron, and reducing both chlorine and sodium, since they play an effective role in pushing the plant
towards vegetative growth, especially nitrogen, and increasing the photosynthesis process. This, in turn,
leads to an increase in the resulting organic compounds and thus increases the plant's Rebaudioside A.
content (Wu et al., 2020).

Data analysis showed that it included the study factor to add nano-fertilizer at four levels, which
are (NO, N1, N2, and N3); as demonstrated by the results in Table 9 and Table 10, level N3 was
significantly higher during the two harvests with percentage recording 4.680% and 5.427%, respectively
compared to the comparison treatment NO, which recorded 3.852% and 4.312%, respectively. Perhaps
this happens due to the role of nano zinc in activating the physiological functions of the plant and
working to increase the biomass of the plant through cell division, elongation, and increasing its size,
thus increasing the primary and secondary metabolic compounds, including the local Rebaudioside A.,
in addition to the positive effect of nano boron, as it works to improve plant growth and increase the
yield through its impact on the mechanics of many critical vital processes in the plant such as cell
respiration, water and nutrient absorption, photosynthesis, and protein building (Moezzi et al., 2012).

The interaction among the P.aeruginosa bacteria and white Mushroom residues resulted in a
considerable enhancement of the amount of the Rebaudioside A. sweeteners in the leaves of the stevia
plant for the first and second harvests since the dual treatment B1Ab2 had the highest Percentage at
6.139 and 6.909%, respectively, as compared to the check treatment BOAbO which gave 2.868% and
3.126%, respectively. The increased content of Rebaudioside A. in the leaves attributed to the impact of
white Mushroom residues on activating many essential activities and stimulating the bacteria provided
with the soil in addition to that attributed to increasing nutrient availability due to its role and increasing
the ability of the plant to absorb the nutrients, thus increasing the accumulated synthesized materials by
the plant represented in carbohydrates and metabolic compounds with positive reflection on the content
of Rebaudioside A. in the leaves of the stevia plant (Pandey et al., 2012; Kumar et al., 2013; Lal et al.,
2021).

On the other hand, the interaction between P. aeruginosa bacteria and nano-fertilizer had a
significant effect on the content of Rebaudioside A. in the leaves, as the dual treatment BIN3 recorded
the highest Percentage of Rebaudioside A. in the leaves, reaching 5.338 and 5.828%, respectively,
compared to the comparison treatment BONO, which recorded 3.462 and 4.067%, respectively. The
reason may be that the white Mushroom waste increases the development and accumulation of sugars,
enzymes, and amino acids, as its effect is indirect through the contribution of microorganisms present
in the soil to its decomposition, in addition to the role of bacteria added as a bio-inoculum in increasing
the decomposition of these wastes and the release of major and minor elements and increasing the
possibility of their absorption by the plant, which is reflected in growing the leaf content of Rebaudioside
A. (Adesemoye and Vgoji, 2009; Nair et al., 2009; Uzair et al., 2018).

Results obtained proved that the dual interaction between white Mushroom waste and nano-
fertilizer led to a significantly higher percentage rate of Rebaudioside A in the leaves, wherein the
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ADb2N3 treatment outperformed the two plants, with percentage content values of 5.964 and 7.028 as
compared to the comparison treatment, recording 2.552 and 2.747%, respectively. It is attributed to zinc
and nano-boron impacts on vital activities due to their influence on the activity of numerous enzymes
and the contribution of meristematic cells and their division to raise the height of the plant and improve
its growth and yield characteristics. These seem to be positively reflected in De Beradis et al. (2010) leaf
contents of Rebaudioside A. The probable mode of action of white Mushroom waste is giving the plant
primary and secondary nutrients that have an apparent effect on many vital and physiological processes
and on which many enzymes act in the enhancement of production of food, so they activate cell division
and elongation, and thus the increased content of Rebaudioside A. in the plant (Prakash et al., 2014; Dai
etal., 2017).

Data from Table 9 and Table 10 show that there was a highly significant triple interaction of the
study factors in both trials, indicating superiority in increasing the Percentage of Rebaudioside A, where
the triple combination B1AbI1N3 outperformed, giving 7.637 and 8.386%, respectively, as compared to
the check treatment giving 1.534 and 1.686%. The reason may be due to the role of the nano zinc and
boron elements in the movement and division of cells, as a result of the ability of its molecules to enter
the cellular channel, and make the cell membrane more permeable, which contributes to the plant's
ability to absorb nutrients (Baek and An, 2011), in addition to the role of white Mushroom waste in
stimulating the bacteria added to the soil to biodegrade them, which contributed to providing essential
elements, improving cell division, cell elongation, and increasing the permeability of cell membranes,
which facilitates the movement of nutrients that may have a direct effect on various vital processes.
These include the growth of the vegetative group and the increase in the accumulation of carbohydrates
and processed nutrients, thus increasing the leaf content of Rebaudioside A. (Jonathan et al., 2011; Wang
etal., 2021; Al-Jubouri and Al-Taweel, 2024).

Table 9. The effect of P. aeruginosa bacteria, white Mushroom waste, and nano fertilizer on the leaf
content of Rebaudioside A. in the first harvest

B0 B1
P. aeruginosa inoculation (B) 3918 4.699
LSD 0.05 0.094
White mushroom waste (Tones h- Ab0 Abl Ab2
D) 3.303 4.467 5.156
LSD 0.05 0.115
NO N1 N2 N3
Nano fertilizer (kg h™) 3.852 4.191 4.511 4.680
LSD 0.05 0.133
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
Ab0 Abl Ab2
B0 2.868 4.713 4.173
B1 3.739 4.220 6.139
LSD 0.05 0.163
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
B0 3.462 3.947 4.242 4.022
B1 4.243 4.436 4.781 5.338
LSD 0.05 0.188
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
Ab0 2.552 3.216 3.669 3.777
Abl 4.369 4.560 4.639 4.298
Ab2 4.636 4.798 5.227 5.964
LSD 0.05 0.231
Triple interaction between study factors
NO N1 N2 N3
Ab0 1.534 2.643 3.606 3.688
BO Abl 4.826 4.991 4.949 4.087
Ab2 4.025 4.206 4.171 4.290
Ab0 3.570 3.789 3.732 3.866
B1 Abl 3.913 4.130 4.328 4.510
Ab2 5.247 5.390 6.283 7.637
LSD 0.05 least significant difference 0.326
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Table 10. Effect of P. aeruginosa, white Mushroom waste, and nano fertilizer on leaf content of
Rebaudioside A. in the second harvest

B0 B1
P.aeruginosa inoculation (B) 4.649 5.180
LSD 0.05 0.004
White mushroom waste (Tones h- Ab0 Abl Ab2
h 3.582 4.942 6.218
LSD 0.05 0.005
NO N1 N2 N3
Nano fertilizer (kg h™) 4.312 4.868 5.050 5.427
LSD 0.05 0.006
Bilateral interaction between inoculation with P.aeruginosa and white Mushroom waste
Ab0 Abl Ab2
B0 3.126 5.294 5.526
B1 4.039 4.591 6.909
LSD 0.05 0.007
Bilateral interaction between P.aeruginosa inoculation and nano fertilizer
NO N1 N2 N3
B0 4.067 4.611 4.889 5.027
B1 4.556 5.124 5.210 5.828
LSD 0.05 0.008
The dual interaction between white mushroom waste and nano fertilizer
NO N1 N2 N3
Ab0 2.747 3.528 3.959 4.096
Abl 4.698 4.904 5.009 5.159
Ab2 5.490 6.171 6.181 7.028
LSD 0.05 0.010
Triple interaction between study factors
NO N1 N2 N3
Ab0 1.686 2.946 3.867 4.005
B0 Abl 5.147 5333 5.288 5.407
Ab2 5.368 5.553 5.513 5.669
Ab0 3.808 4.109 4.051 4.187
B1 Abl 4.248 4.474 4.731 4911
Ab2 5.612 6.790 6.849 8.386
LSD 0.05 least significant difference 0.014

Conclusion

We conclude from the study that the triple combination BIAb1N3 had a significant superiority
in most of the studied traits, which included the average total carbohydrate content of leaves during the
first and second harvests. In contrast, the triple combination BIAb2N3 had the highest content of
gibberellins and sweeteners Stevioside and Rebaudioside A. in the leaves of the stevia plant in the two
harvests.

Based on the scientific evidence derived from the study results, the triple treatment BIAb1N3
can be recommended as an effective strategy for increasing the total carbohydrate content in stevia
leaves during the first and second harvests, which positively impacts the nutritional and functional value
of the plant. The data also show that the triple treatment BIAb2N3 contributes to an increase in the
accumulation of gibberellins and natural sweeteners such as stevioside and rebaudioside A, which are
critical bioactive compounds used in the manufacture of low-calorie sweeteners. This opens up
promising economic prospects in light of the growing global demand for natural sugar substitutes.

In addition, the results emphasise the importance of integrating these treatments with sustainable
agricultural techniques, such as drip irrigation and the use of agricultural wastes, such as mushroom
farm residues, as soil conditioners, to enhance crop productivity and reduce reliance on harmful
chemical fertilizers. It is also recommended to conduct large-scale field experiments in different
environments and seasons to verify the effectiveness of these treatments under varying climatic and
agricultural conditions. Finally, it is proposed to intensify future studies to investigate the physiological
and biochemical mechanisms that link the increase in carbohydrates in leaves and the stimulation of the
production of steviol glycosides, which will contribute to the development of programs to improve stevia
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production at the local and global levels, especially in countries suffering from water scarcity and
deteriorating soil fertility, such as Iraq.
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