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ABSTRACT

This study was aimed to investigate effect of soaking Polianthes tuberosa L. bulbs in Atonic
solution and inoculation with Stenotrophomonas maltophilia and Glomus mosseae, and
fertilizing with two levels (3% and 4%) of water hyacinths Compost on some vegetative and
floral growth characters of the Peral variety of tuberose plants in a Factorial experiment
during spring season of 2022 using a randomized completely block design with three
replicates. Tuberose bulbs were planted in black plastic bags containing 6 kg of a sandy loam
soil. The results of the three-way interaction showed that the treatment of soaking with
Atonic, inoculation with the combination of the biofertilizer, and fertilization with 4% level of
water hyacinths Compost significantly outperformed other treatments in plant height,
number of inflorescences, dry weight of flowers, vase life, and aromatic oil concentration with
values of 47.33 cm, 55.33 inflorescences plant™, 5.78 grams, 16 days,and 0.71% respectively,
compared to the control treatment which resulted in values of 21.67 cm, 5.67 inflorescences
plant?, 1.81 grams, 8 days,and 0.42% respectively.
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INTRODUCTION

Tuberose (Agave amica L.), belonging to the
family Aparagaceae, is one of the important
perennial ornamental bulbs that is also
commonly known as Polianthes tuberosa L.
Its native habitat is Mexico, and it is
considered an important ornamental plant in
the cut flower trade and for extracting its
attractive aromatic oil. It is also used for
interior decoration in homes due to the beauty
of its flowers (7, 38). Plant growth regulators
have significant importance in influencing the
physiology and morphology of plants, as their
effects can directly affect the root, vegetative
and floral growth traits of the plant, vase life,
obtaining a larger number of flowers, and
promoting or delaying flowering (22, 24). A
study conducted by Al-Rawi et al., (14) found
that soaking mung bean seeds in a
concentration of 7.5 ml L™ of Atonic solution
for 6 hours resulted in the best results in plant
height, number of branches, number of pods,
and seeds. In recent years, there has been a
shift towards clean agriculture through the use
of organic fertilizers instead of mineral
fertilizers, as they play an important role in
improving some physical, chemical, and
biological soil properties, as well as providing
nutrients in the soil (9, 10, 28). Basan et al.,
(19) found a significant increase in all
vegetative and floral growth traits of tuberose
plants when using a combination of different
organic fertilizers during cultivation. Water
hyacinths Compost stands out as an organic
fertilizer due to its high content of nutrients
and its ability to retain water and exchange
positive ions (42). Zorman etal (43) found that
adding water hyacinths Compost at different
levels contributed to improving the phenotypic
and biochemical traits of lilium plants. The
use of biofertilizers has gained great

importance in recent years as promising
alternatives to mineral fertilizers in clean
agriculture, as they are environmentally

friendly and cost-effective, and their effects
remain in the soil for a long time. One of the
newly used bacteria as a biofertilizer is
Stenotrophomonas maltophilia, which has
been found to produce antimicrobial
compounds that protect plants and secrete
various compounds that promote plant growth.
It can colonize the internal tissue of plant roots
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without causing any harm, and it can spread in

the rhizosphere soil (5, 30, 3).  The study of
Alexander et al., (8 found that
Stenotrophomonas  maltophilia plays an

important role in nitrogen fixation in field
peanuts and that inoculation with it contributes
to an increase in certain fatty acids such as
Omega-7 and Omega-6. Mycorrhizal fungi, on
the other hand, are symbiotic fungi that
contribute to improving soil structure by
linking their hyphae together, thus accelerating
the decomposition of organic compounds (2, 3,
38). Another study demonstrated that the
addition of mycorrhiza, either alone or in
combination with potassium-releasing bacteria
and organic fertilizer, resulted in a significant
increase in the vegetative or yield parameters
of corn (28). Similarly, Ahmed et al., (1)
obtained similar results for the effect of
mycorrhizal inoculation, in combination with
salicylic acid, on improving the growth of
Dianthus plants and increasing their drought
tolerance. On the other hand, it was found that
using Stenotrophomonas maltophilia as a
biofertilizer contributed to increased growth
and yield of zucchini squash (40). The aim of
the current study was to investigate the effect
of soaking tuberose bulbs in Atonic, adding
water hyacinths Compost, and biofertilizers on
certain vegetative and floral growth traits of
tuberose.

MATERIALS AND METHODS

An experimental study was conducted using a
randomized completely block design (RCBD)
with three replicates in the green canopy
belonging to the Department of Horticulture
and Gardens Engineering, College of
Agricultural Engineering Sciences, University
of Baghdad, during spring season of 2022. The
aim was to investigate the response of
Pollianthes tuberosa L. (tuberose) to soaking
with the growth regulator Atonic and the effect
of adding biofertilizers and organic compost
(water hycanths compost) on the growth and
flowers of this plant, as well as the possibility
of its successful cultivation in the central
region of Iraqg.

Preparation of Biofertilizer and water
hycanths compost: The mycorrhizal inoculant
Glomus mosseae was obtained from the
Ministry of Science and Technology -
Department of Agricultural Research. The
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bacterial inoculant Stenotrophomonas
maltophilia was obtained from the Department
of Soil Science and Water Resources - College
of  Agricultural  Engineering  Sciences,
University of Baghdad. As for water hycanths
compost, it was obtained from the Ministry of
Agriculture - Department of Crop Protection.
Preparation of the growing medium

A silty loam soil was obtained from one of the
banks of the Tigris River for use in cultivation.
Table (1) shows some of its chemical and
physical properties before cultivation. It was
mixed with peat moss in a ratio of 1:3,
thoroughly mixed, and placed in black plastic
bags with a height of 28 cm and a diameter of
13 cm, each bag containing 6 kg of the
mixture.

Experimental Factors

Factor 1: Soaking with the growth regulator
(Atonic) at two levels: A- Soaking with Atonic
at a concentration of 0.5 ml L™ for 12 hours
(coded as A;). Soaking with plain water for 12
hours (coded as Ay).

Factor 2: Biofertilizer, including four types:
A- Control treatment (no biofertilizer added,
coded as Bp). B- Bacterial biofertilizer
(Stenotrophomonas  maltophilia) with a
numerical density of 8.2* 10° CFU mlI™ (coded

as Bj). C- Fungal biofertilizer (Glomus
mosseae) with a spore density of 50 spores g™
(coded as B;). D- Combination of bacterial and
fungal biofertilizer (coded as B3).

Factor 3: Organic fertilization with water
hyacinths compost, with three levels: A- No
addition of water hycanths compost compost
(coded as Og). B- Addition of Nile flower
compost at 3% of the soil weight (coded as
01). C- Addition of Nile flower compost at
4% of the soil weight (coded as 02).

Planting Bulbs: Tuberose bulbs with a size of
1.5-25 cm were planted in the soil after
creating a small hole in the bag's soil. Then, 15
g of mycorrhizal inoculant was added at a
depth of 5 cm from the soil surface for the
respective treatments. Additionally, 12 g of
bacteria inoculant loaded on peat moss was
added to separate holes for their respective
treatments. The bacterial and fungal
biofertilizers were added together in another
hole for the combined biofertilizer treatment.
Furthermore, 3% of Nile flower compost (180
g bag™) was added to 120 bags, while 4% (240
g bag™) was added to another 120 bags. The
remaining 120 bags were left without the
addition of organic fertilizer.

Table 1. Chemical and fertility properties of field soil

propertity Value Unit
EC1:1 1.9 ds m™
PH1:1 72T amee-
Available N 31 mg kg™ soil
Available P 2.14
Available K 147.2
oM 7.3 g kg™ soil
Carbonate minerals 247.3
Ca™ 14.25
Mg*? 8.39 meq L™
Na* 1.29
HCO; 0.8
cIt 18.57
K* 0.86
Soil Texture sandy loam
Soil Separates Sand 512 g kg™ soil
Clay 68
Silt 420

Tuberose Planting: Peral variety tuberose
bulbs were planted on March 6, 2022, in the
early morning at a depth of 5 cm from the soil
surface. Plant maintenance tasks, such as
weeding, were performed. NPK fertilizer with
a ratio of 20:20:20 was applied according to
the recommended fertilization guidelines (16).
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The experiment consisted of three replicates,
with 24 treatments per replicate resulting from
the combinations of the study factors. This
resulted in a total of 72 experimental units for
the three replicates. Each treatment included
five plants, making a total of 360 plants for the
experiment. The Genstat software was used for
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data analysis, and means were compared using
the least significant difference (LSD) test at a
significance level of 0.05 (15).

Characters studied: The study examined
some vegetative growth traits, including plant
height, leaf area, and relative chlorophyll
content in the leaves. It also assessed some
floral growth traits; including spike length, dry
flower weight, and vase life.in addition the
essential oil of the flowers was estimated.

Estimating of essential oil concentration in
the flowers (%0): Flower samples of 10 gram
were taken and placed in a flask. 100
milliliters of distilled water were added to the
flask, and it was placed in a distillation
apparatus for 3 hours. The oil was collected,
and 5 milliliters of hexane were added to
separate the oil from the water droplets
accumulated with the oil. The oil was collected
and stored in the refrigerator until the analysis
(18).

__(Weight of flask before extraction — Weight of flask after extraction) *100

QOil percentage (%)

RESULTS AND DISCUSSION

Plant height (cm)

The results shows a significant effect of
soaking seeds with Atonic on the plant height
(Table 2), reaching 42.39 cm compared to the
control treatment soaked with regular water at
38.47 cm. The addition of biofertilizer had a
significant effect compared to the non-

Weight of the sample

inoculated treatment. The highest plant height
was recorded in the treatment inoculated with
mycorrhizae at 43.61 cm, which was not
significantly different from the treatments
inoculated with bacterial biofertilizer or the
combination of biofertilizers, which recorded
42.61 cm and 42.33 cm, respectively.

Table 2. Effect of soaking with atonic, water hyacinths compost and biofertilizers on plant

height (cm)
Bio fertilizer Organic Growth regulator B*O
fertilizer A0 Al

BO o0 21.67 32.00 26.83
o1 28.00 38.00 33.00
02 38.00 41.33 39.67
Bl 00 41.33 43.67 42.50
o1 39.67 42.67 41.17
02 42.00 44.67 43.33
B2 00 43.67 42.00 42.83
o1 41.67 45.33 43.50
02 44.33 44.67 44.50
B3 00 39.00 41.33 40.17
o1 39.67 45.67 42.67
02 42.67 47.33 45.00

LSD gxo*a 6.023 LSD g«o 4.259

B*A
Biofertilizer A0 Al Mean Bio-fert .

BO 29.22 37.11 33.17
Bl 41.00 43.67 42.33
B2 43.22 44.00 43.61
B3 40.44 44,78 42.61

LSD gea 3.477 LSD g 2.459

O*A

Organic fertilizer A0 Al Mean Organic fert.
o0 36.42 39.75 38.08
o1 37.25 42.92 40.08
02 41.75 44.50 43.12

LSD o+a 3.012 LSD o 2.129

A
Growth regulator A0 Al
Mean Growth regulator 38.47 42.39
LSD A 1.739
The non-inoculated treatment recorded a significant increase in plant height at 43.12 cm

height of 33.17 cm. Furthermore, the addition
of Nile flower compost resulted in a
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in the treatment with 4% of this organic
fertilizer. The statistical analysis showed a
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significant  three-way interaction  effect
between the study factors on plant height. The
treatments B30O2A1, B301Al, B10O1A1l, and
B202A1 performed better, with plant heights
of 47.33 cm, 45.67 cm, 45.33 cm, and 44.67
cm, respectively, compared to the treatment
BOOOAO, which recorded 21.67 cm.

Leaf area (cm?)

The results in Table (3) show a significant
effect of soaking seeds with Atonic on the leaf
area, with 785 cm? compared to the control
treatment soaked with regular water at 602
cm?2. Inoculation with biofertilizers also had a
significant effect with the treatment using a

combination of bacterial and fungal
biofertilizer (B3) outperforming the non-
inoculated treatment, with a leaf area of 849
cm? compared to 521 cm2. The addition of Nile
flower compost also resulted in a significant
increase in the leaf area, with treatment O2
performing better and giving a leaf area of 786
cm2  The statistical analysis showed a
significant  three-way interaction effect
between the study factors on the leaf area, with
treatments B30O1A1 and B302A1 performing
better and giving leaf areas of 1108 cm? and
1030 cm?, respectively, compared to the
treatment BOOOAO, which recorded 253 cmz.

Table 3. Effect of soaking with atonic, water hyacinths compost and biofertilizers on leaf area (cm?

Biofertilizer Organic Growth regulator B*O
fertilizer A0 Al
BO 00 253 310 282
01 457 575 516
02 661 869 765
B1 00 612 608 610
01 494 881 687
02 566 747 656
B2 00 601 821 711
01 558 846 702
02 837 857 847
B3 00 765 770 767
01 692 1108 900
02 728 1030 879
B*A
Biofertilizer A0 Al Biofertilizer mean
BO 457 585 521
Bl 557 745 651
B2 665 841 753
B3 728 969 849
LSD g+a 154 LSD g 109
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 558 627 592
01 550 852 701
02 698 875 786
LSD o#p 133 LSD o 94
A
Growth regulator A0 Al
Growth regulator mean 602 785
LSD A 77

Dry matter (%)

The results showed a significant effect of
soaking seeds with Atonic on increasing the
percentage of dry matter (Table 4). Treatment
Al gave a percentage of 9.61% compared to
treatment A0 (9.45%). Inoculation with
biofertilizers also led to increased plant growth
and an increase in this percentage. Treatment
B1 with bacterial biofertilizer performed better
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with percentage of dry weight of 11.87%,
followed by the treatment with a combination
of biofertilizers at 10.11%, while the non-
inoculated treatment recorded 6.52%. The
addition of Nile flower compost also resulted
in a significant increase, with treatment O2
performing better at 10.06% compared to
treatment OO0, which reached 8.96%.
Additionally, the statistical analysis showed a
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significant effect of the two-way and three- giving values of 14.69%, 13.58%, and 11.16%,
way interactions between the study factors on respectively, compared to the treatment
this trait. Treatments B102A0, B10O1Al, BOOOAO, which recorded 4.59%.

B100A1, and B302A1l performed better,
Table 4. Effect of soaking with atonic, water hyacinths compost and biofertilizers on
Percentage of Dry Matter (%o)

Biofertilizer Organic Growth regulator B*O
fertilizer A0 Al
BO 00 4.59 5.60 5.09
o1 6.45 7.46 6.96
02 7.25 7.79 7.52
B1 00 11.48 11.58 11.53
01 10.40 13.58 11.99
02 14.69 9.48 12.08
B2 00 8.77 10.46 9.61
o1 9.30 8.95 9.12
02 10.52 9.67 10.09
B3 00 9.69 9.53 9.61
o1 10.28 10.03 10.15
02 9.96 11.16 10.56
LSD goxa 3.64 LSD g0 2.58
B*A
Biofertilizer A0 Al Biofertilizer mean
BO 6.10 6.95 6.52
B1 12.19 1155 11.87
B2 9.53 9.69 9.61
B3 9.98 10.24 10.11
LSD gea 2.10 LSD g 1.46
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 8.63 9.29 8.96
o1 9.11 10.01 9.56
02 10.60 9.53 10.06
LSD oea 1.82 LSD o 1.29
A
Growth regulator A0 Al
Growth regulator mean 9.45 9.61
LSD 1.05
Relative chlorophyll content (%) flower compost also led to a significant
The results indicate a significant effect of increase in the chlorophyll content, with
soaking the seeds with Atonic on increasing treatment O2 performing better and recording
the relative chlorophyll content in the leaves 54.6 SPAD units, while treatment OO0 recorded
(Table 5). Treatment Al gave a value of 54.2 47.0 SPAD units. Furthermore, the statistical
SPAD units compared to treatment AO, which analysis showed a significant effect of the two-
gave 49.8 SPAD units. Inoculation with way and three-way interactions. Treatment
biofertilizers also resulted in a significant B302AL1 performed better, giving a value of
increase with treatment B3 performing better 60.7 SPAD units compared to the treatment

at 54.7 SPAD units, while it was 47.9 SPAD BOOOADO, which recorded 35.0 SPAD units.
units in treatment BO. The addition of Nile
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Table 5. Effect of soaking with atonic, water hyacinths compost and biofertilizers on Relative
Chlorophyll Content (%)

Biofertilizer Organic Growth regulator B*O
fertilizer A0 Al
BO 00 35.0 46.0 40.5
o1 47.8 53.4 50.6
02 50.1 55.0 52.5
B1 00 50.2 51.9 51.1
o1 51.6 54.2 52.9
02 51.7 56.8 54.3
B2 00 52.5 53.3 52.9
o1 50.2 52.8 515
02 50.1 57.8 53.9
B3 00 51.7 55.4 53.5
o1 52.5 53.4 52.9
02 54.5 60.7 57.6
LSD g«o#a 3.57 LSD g«o 2.52
B*A
Biofertilizer A0 Al Biofertilizer mean
BO 44.3 51.5 47.9
Bl 51.2 54.3 52.8
B2 50.9 54.6 52.8
B3 52.9 56.5 54.7
LSD g+a 2.06 LSD g 1.46
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 47.3 51.7 49.5
o1 50.5 53.5 52.0
02 51.6 57.6 54.6
LSD o*a 1.78 LSD o 1.26
A
Growth regulator A0 Al
Growth regulator mean 49.8 54.2
LSD A 1.03

Length of peduncle (cm)

The results revealed a significant effect of
soaking the seeds with Atonic on the length of
the peduncle (Table 6). Treatment Al
performed better, measuring 90.28 cm
compared to treatment AO, which measured
85.86 cm. Inoculation with the three
biofertilizers also resulted in a significant
increase in peduncle length. Treatment B3
with  the  bacterial-fungal  biofertilizer
performed the best, measuring 96.94 cm,
followed by treatments B1, B2, and B0, which
measured 91.44 cm, 88.94 cm, and 74.94 cm,
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respectively. Furthermore, the addition of Nile
flower compost had a significant effect on the
length of the peduncle. Treatment O2
outperformed others, measuring 93.0 cm
compared to treatment OO, which measured
83.12 cm. Statistical analysis indicated
significant two-way and three-way
interactions. Treatments B302A0, B301Al,
and B202Al1 performed the best, measuring

99.00 cm, 97.00 cm, and 96.33 cm,
respectively, compared to control treatment
BOOOAO with 44.33 cm.
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Table 6. Effect of soaking with atonic, water hyacinths compost and biofertilizers on length of
peduncle (cm)

Biofertilizer Organic Growth regulator B*O
fertilizer AQ Al
BO 00 44.33 76.33 60.33
01 80.00 80.00 80.00
02 86.67 82.33 84.50
B1 00 85.00 88.33 86.67
o1 84.00 90.33 87.17
02 93.33 92.67 93.00
B2 00 90.00 93.33 91.67
o1 86.00 91.00 88.50
02 92.00 96.33 94.17
B3 00 93.67 94.00 93.83
01 96.33 97.00 96.67
02 99.00 101.67 100.33
6.31 LSD g+o 4.462 6.31
6.31
Biofertilizer A0 Al Biofertilizer mean
BO 70.33 79.56 74.94
Bl 87.44 90.44 88.94
B2 89.33 93.56 91.44
B3 96.33 97.56 96.94
LSD g+a 3.643 LSD g 2.576
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 78.25 88.00 83.12
01 86.58 89.58 88.08
02 92.75 93.25 93.00
LSD oxa 3.155 LSD o 2.231
A
Growth regulator A0 Al
Growth regulator mean 85.86 90.28
LSD A 1.821

Flowers dry weight (g)

Results indicate a significant effect of soaking
the seeds with Atonic on the dry weight of
flowers (Table 7). Treatment Al yielded an
average of 4.22 g compared to treatment AO,
which recorded 3.47 g. Inoculation with the
biofertilizers also had a significant effect on
this trait. Treatment B3 with the biofertilizer
performed better than the other treatments,
recorded an average of 4.56 g, while treatment
BO recorded 2.98 g. Additionally, the addition
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of Nile flower compost led to a significant
increase. Treatments O2 and O1 Yyielded
values of 4.33 g and 3.90 g, respectively,
compared to treatment OO0 at 3.30 g. Statistical
analysis indicated significant two-way and
three-way interactions for this trait. Treatments
B302A1 and B30O1A1l performed the best,
measuring 5.78 g and 5.31 g, respectively, in
comparison to control treatment BOOOAO,
which recorded 1.81 g.
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Table 7. Effect of soaking with atonic, water hyacinths compost and biofertilizers on dry
weight of flowers (q)

Biofertilizer Organic Growth regulator B*O
fertilizer A0 Al
BO 00 1.81 2.62 2.21
01 2.87 3.23 3.05
02 3.14 4.20 3.67
B1 00 2.98 3.78 3.38
01 3.40 4.27 3.84
02 3.40 4.82 4.11
B2 00 3.33 3.53 3.43
01 3.62 4.46 4.04
02 4.59 4.87 4.73
B3 00 4.58 3.76 4.17
01 4.07 5.31 4.69
02 3.88 5.78 4.83
LSD goxa 1.061 LSD g0 0.75
B*A
Biofertilizer A0 Al Biofertilizer mean
BO 2.61 3.35 2.98
B1 3.26 4.29 3.77
B2 3.85 4.29 4.07
B3 4.18 4.95 4.56
LSD g+a 0.612 LSD g 0.433
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 3.18 3.42 3.30
01 3.49 4.32 3.90
02 3.75 4.92 4.33
LSD oxa 0.53 LSD o 0.375
A
Growth regulator A0 Al
Growth regulator mean 3.47 4.22
LSD A 0.306

Vase life (days)

Results shows a significant effect of soaking
seeds with Atonic on the Vase life (Table 8).
Treatment Al had a Vase life of 14.17 days
compared to treatment AO, which had 13.50
days. Inoculation with the biofertilizers also
had a significant effect on vase life. Treatment
B3 with the bacterial-fungal biofertilizer
performed better, recording a vase life of
15.22 days, followed by treatment B2 with
mycorrhizal biofertilizer at 14.83 days.
Furthermore, the addition of Nile flower
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compost led to a significant increase in the
vase life. Treatment O2 had a vase life of
14.42 days compared to treatment OO, which
had 12.79 days. Statistical analysis indicated
significant two-way and three-way interactions
for vase life. Treatments B3O2A1, B202A1,
B201A1, B102A1, and B101A1l
outperformed, with an average vase life of
16.00 days, 15.67 days, 15.67 days, 15.67
days, and 15.67 days, respectively, compared
to control treatment BOOOAO, which recorded
8.00 days.
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Table 8. Effect of soaking with atonic, water hyacinths compost and biofertilizers on Vase life

(day)
Biofertilizer Organic Growth regulator B*O
fertilizer A0 Al
BO 00 8.00 10.00 9.00
01 11.00 12.33 11.67
02 11.33 11.33 11.33
B1 00 13.00 13.67 13.33
o1 14.67 15.67 15.17
02 15.00 15.67 15.33
B2 00 14.00 14.00 14.00
o1 14.67 15.67 15.17
02 15.00 15.67 15.33
B3 00 14.67 15.00 14.83
o1 15.33 15.00 15.17
02 15.33 16.00 15.67
LSD groa 1.48 LSD g0 1.04
B*A
Biofertilizer A0 Al Biofertilizer mean
BO 10.11 11.22 10.67
B1 14.22 15.00 14.61
B2 14.56 15.11 14.83
B3 15.11 15.33 15.22
LSD g+a 0.85 LSD g 0.60
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 12.42 13.17 12.79
01 13.92 14.67 14.29
02 14.17 14.67 14.42
LSD oa 0.74 LSD o 0.52
A
Growth regulator A0 Al
Growth regulator mean 13.50 14.17
LSD 4 0.43

Concentration of essential oil in flowers (%)
The results shows a significant effect of the
study factors on the concentration of essential
oil in the flowers of the Tuberosa plant (Table
9). The results indicated that the treatment of
soaking the bulbs with Atonic extract
outperformed significantly and recorded an
essential oil concentration of 0.66%. On the
other hand, the treatment of soaking with
regular water recorded a concentration of
0.60%. Furthermore, the statistical analysis
revealed the superiority of the treatment that
incorporated a 4% level of organic fertilizer
compost of the water hyacinths achieved a
significant concentration of 0.72% compared
to the treatment without the addition of
organic fertilizer, at 0.53%. Additionally, the
inoculation with the three biofertilizers led to
an increase in the concentration of essential
oil. The treatment with the bacterial-fungal
biofertilizer combination outperformed and
achieved an essential oil concentration of

0.66%, while the non-inoculated treatment
recorded 0.54%. The results also indicated a
significant interaction effect between organic
fertilization and Atonic soaking. The treatment
0O,A; showed the highest concentration of
0.75%, while the treatment OpA, had the
lowest concentration of 0.51%. Moreover, the
statistical analysis confirmed significant
differences between the treatments of the
interaction between biofertilization and Atonic
soaking. The treatment BzA; recorded a
concentration of 0.72%, whereas the lowest
concentration in these interactions was
observed in the treatment BpAo, Which
achieved 0.49%. There was also a significant
interaction effect between biofertilization and
organic fertilization in this trait. The treatment
B3O, achieved the highest concentration of
0.76%, while the treatment BgAo had the
lowest concentration of 0.37%. The statistical
analysis  shows  significant  three-way
interaction. The treatment B30,A;
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outperformed and recorded a concentration of
0.81%, with an increase of 161.29% compared

to the treatment ByOgA,, which achieved a
concentration of 0.31%.

Table 9. Effect of soaking with atonic, water hyacinths compost and biofertilizers on
concentration of essential oil in flowers (%)

Biofertilizer Organic Growth regulator B*O
fertilizer A0 Al
BO 00 0.31 0.42 0.37
01 0.52 0.64 0.58
02 0.64 0.70 0.67
B1 00 0.51 0.55 0.53
o1 0.60 0.63 0.61
02 0.67 0.74 0.71
B2 00 0.59 0.62 0.61
01 0.63 0.70 0.67
02 0.71 0.76 0.74
B3 00 0.64 0.63 0.63
o1 0.64 0.71 0.68
02 0.71 0.81 0.76
LSD g+o*a 0.06 LSD g+o 0.04
B*A
Biofertilizer A0 Al Biofertilizer mean
BO 0.49 0.59 0.54
B1 0.59 0.64 0.62
B2 0.64 0.70 0.67
B3 0.66 0.72 0.69
LSD gsa 0.03 LSD g 0.02
O*A
Organic fertilizer A0 Al Organic fertilizer mean
00 0.51 0.56 0.53
o1 0.60 0.67 0.64
02 0.68 0.75 0.72
LSD o+a 0.04 LSD o 0.02
A
Growth regulator A0 Al
Growth regulator mean 0.60 0.66
LSD A 0.02

The soaking bulbs with the Atonic growth
regulator resulted in a significant increase in
all the studied vegetative and floral growth
traits. This may be attributed to its impact on
the intensity of photosynthetic processes and
its stimulation of plant roots to absorb larger
quantities of water. Additionally, it exhibits
physiological effects as a growth regulator,
leading to an increase in internal auxin
content, control of enzymatic activities,
activation of metabolic processes, and
consequently an increase in meristematic
activity through cell division and elongation,
resulting in increased plant height ,Moreover,
the Atonic growth regulator also affects the
relative water content in leaves, chlorophyll
content, biomass, carbohydrate content, and
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various hormones and nutrients within the
plant (21, 22). The inoculation with
biofertilizers showed a significant effect on
vegetative and floral growth traits. In
particular, the inoculation with the bacterium
Stenotrophomonas maltophilia resulted in a
significant increase in these traits. This could
be attributed to the role of this bacterium in
producing growth regulators, especially
auxins, and antibiotics that contribute to
suppressing plant diseases. Furthermore, it
secretes organic acids and enzymes that break
down insoluble phosphate compounds,
enhancing the availability of nutrients in the
soil. Additionally, these bacteria possess
nitrogen-fixing enzymes, increasing nitrogen
concentration in plants, which in turn
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promotes chlorophyll and carbohydrate
content. The ability of these bacteria to
produce enzymes such as Phosphatase and
Phytase may contribute to sulfur oxidation in
the soil, leading to the production of sulfuric
acid and lowering the soil's pH value. These
bacteria also release potassium from mineral
sources in the soil, thereby increasing its
availability. Moreover, they actively secrete
plant hormones and growth regulators
responsible for cell division and elongation,
contributing to root system growth, surface
area of the absorption zone, and increased
water and nutrient absorption. Additionally,
mycorrhizal inoculation resulted in a
significant increase in all vegetative and floral
growth indicators, which can be attributed to
the various mechanisms possessed by these
fungi to improve and support plant growth.
These mechanisms include the production of
enzymes such as phosphatases, extensive
hyphal growth, and long-distance exploration
in the soil, allowing plants to explore larger
areas in search of water and nutrients, leading
to increased nutrient uptake (29) and these
results came in agreement with (4).
Furthermore, mycorrhizae can produce
siderophores, which provide plants with iron
and other elements such as copper, zinc, and
manganese, positively influencing plant health
(13). Mycorrhizae also secrete the enzyme
ACC Deaminase, which is involved in the
ethylene pathway, inhibiting its synthesis and
delaying plant senescence by reducing
degradation  processes and  preserving
chlorophyll, thus prolonging the building
processes  (35). Moreover, mycorrhizae
produce Glomalin, a sugar protein that
contributes to the stability, formation, and
aeration of soil aggregates (26). Additionally,
the ~ combination of  bacterial-fungal
biofertilizers resulted in increased production
of auxins and cytokinins, stimulating cell
division and stem diameter for nutrient
absorption, including potassium, which is
involved in carbohydrate and protein
synthesis, as well as in the division and
expansion of vascular cambium cells (36).
These results are consistent with previous

findings on chrysanthemum plants (37).
Furthermore, mycorrhizae may have enhanced
bacterial nitrogen fixation, as indicated in a
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previous study as well as what (6, 11, 28, 40)
reached the significant effect of the
combination of bacterial-fungal biofertilizers
in the concentration of nutrients in the plant.
Organic compost fertilization with water
hyacinths compost resulted in a significant
increase in all studied vegetative and floral
growth indicators. Organic fertilizers provide a
suitable environment for the growth of
microorganisms, including the biofertilizers
used in this study, by providing appropriate
moisture, pH levels, and a suitable energy
source (12, 41). Additionally, the interaction
between organic and biofertilizers confirms
the important role of biofertilizers in
sustaining the live microbial biomass in the
soil. The organic fertilizer plays an important
role in the formation of organic acids, which
leads to a reduction in soil pH and,
consequently, an increase in phosphorus
availability (10, 32, 39). Organic fertilizer also
contributes to reducing the adsorption process,
thereby increasing the release of phosphorus
into the soil solution. Furthermore, organic
fertilizer plays a crucial role in the chelating of
certain cations such as calcium and
magnesium, making phosphorus more soluble
in the soil solution. Additionally, organic
fertilizer works to coat soil particles and
oxides, reducing the process of phosphorus
fixation in the soil (23), These results were
consistent with what (17) obtained. On the
other hand, the low carbon-to-nitrogen ratio
(C:N ratio) of water hyacinths compost and its
content of easily decomposable compounds by
microorganisms result in the release of
nitrogen into the soil and its uptake by plants,
which reflects on vegetative growth traits (10,

31).
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