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ABSTRACT

This study was conducted during two winter seasons 2020-2019 and 2021-2020 at the College
of Agricultural Engineering Sciences-University of Baghdad (Al-Jadriya). To improve the
efficiency and productivity of the flower growth, yield, and essential oil characteristic of
cumin (Cuminum cyminum L.). The experiment included two-factors, the first with four levels
of bio-fertilizers (without vaccination, Pseudomonas fluorescens, Azospirillum brasilense, and
mixture between vaccination), while the second with a combination of five levels that included
two treatments (15 and 30 ml L™) for each of coconut endosperm fluid and tryptophan with
one metering treatment for both (sprayed with distilled water). Randomized complete block
design (RCBD) was used in a spilt-plot design with three replications. The results showed that
all studied traits were affected by the study factors for both seasons, as the plants treated with
the spray combination (30 ml L™ each) with mixture between vaccination gave superiority in
most of the within, and the interaction effect between the study factors was significant
compared to the plants uninoculated and unsprayed for both seasons.

Keywords: coconut endosperm fluid, cuminaldehyde, tryptophan, GC-MS, zeatin,
sustainability.
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INTRODUCTION

Cumin (Cuminum cyminum L.), an herbal
plant belonging to the Apiaceae family, is one
of the ten most widely used plants in the world
for its medicinal and nutritional importance
because its seeds contain many effective
chemical compounds, including essential oils,
which are used in many pharmaceutical, food
and cosmetic industries (30). Several studies
have shown that its seeds oil has anti-
microbial, anti-inflammatory and analgesic,
anti-oxidant, anti-cancer, and anti-diabetic
effects, as well as supporting the body’s
immune system (9). The characteristics of
floral growth and yield are considered the
important qualitative indicators in determining
the seeds yield of apiaceae family species (6),
both quantitatively and qualitatively, as it is
the main objective in the production of cumin
group. The aromatic oils in cumin seeds are
one of the main components that are attributed
to the medicinal aspect because it contains
many secondary metabolites and active
biological substances of medical and
pharmaceutical importance (13). Bio-fertilizers
are one of the most important agricultural
technologies that have recently used by
agricultural field, and today it has become one
of the most important environmentally safe
and inexpensive agricultural means for farmers
(22). Azospirillum brasilense is characterized
by its high ability to fix atmospheric nitrogen
and to produce growth-stimulating materials
(29). Pseudomonas fluorescens increases the
availability of phosphorous in the soil as a
result of its secretion of the phosphatase
enzyme and its production of organic acids
(33), and the above fertilizers also participate
in the secretion of many growth regulators
such as Auxin, Gibberellin and Cytokinin,
which is positively reflected in all growth
parameters as well as stimulating plant growth
and increasing its productivity. It was
indicated by El-Hadi et al (14) that plants
contaminated with their seeds with the bio-
fertilizers mixture, including Azospirillum
brasilense, led to a significant increases in
plant height, total chlorophyll, fresh and dry
weight of the vegetative total of coriander
plants compared to the uncontaminated plants
for both seasons. Likewise, when polluting the
seeds of the sweet bean plant with bio-
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fertilizer, Pseudomonas  fluorescens, it
increased significantly in some indicators of
vegetative growth, including dry weight,
compared to the uncontaminated plants (11).
In last few decades; researchers have been
utilizing plant based materials to insure
sustainability and clean food Spraying (4, 5,).
coconut endosperm fluid is one of the
compounds similar to cytokines and one of the
most important natural plant hormones
isolated from coconut fruits and it constitutes
more than 20% of the activity of total
cytokinin's that have an active role in
physiological processes within the plant
tissues (32). The amino acid tryptophan is also
one of the amino acids that activate the
formation of natural auxins and has a
significant role in stimulating and stimulating
root growth in plants, and it is one of the most
efficient physiological initiators and the main
source of IAA in most organisms (31, 12).
This study was aimed to use nutrients
represented by biological fertilizers and the
combination of spraying consisting of bio-
stimulants represented by (coconut endosperm
fluid) and the vital growth cumin group
enhancers represented by (amino acid
tryptophan), for the purpose of determining the
best studied treatments and in appropriate
quantities to improve the efficiency and
productivity of flowering growth, yield and
chemical composition of essential oils of
Cumin seeds.

MATERIAIS AND METHODS

A field experiment was conducted at the
experiment  field, of the College of
Agricultural Engineering Sciences - University
of Baghdad (Al-Jadriya) during the two winter
seasons 2019-2020 and 2020-2021
consecutively on the cumin plant (Cuminum
cyminum L.) (Turkish variety) under the
influence of lragi conditions by studying its
response to the interaction effect of bio-
fertilizers, coconut endosperm fluid and the
amino acid tryptophan (24). The experiment
was applied in order of split panels according
to a randomized complete block design
(RCBD) with in split plot arrangement using
three replications. The experiment included a
study two factors, the first factor occupied the
main plates of four treatments that included
contaminating the seeds with bio-fertilizers
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(without vaccination, Azospirillum brasilense,
Pseudomonas fluorescens and a mixture
between vaccination) which symbolized by (
A0, Al, A2 and A3), while the second factor
was occupied the sub plot included two
treatments at level (15 and 30 ml L) for each
of the coconut endosperm fluid with the same
treatments for Tryptophan amino acid with one
measurement for both (spraying with distilled
water only) which symbolized by (BOCO,
B15C15, B15C30, B30C15 and B30C30). It
was sprayed on the vegetative system in three
stages, the first after a month of polluting the
seeds with bio-fertilizer and cultivation, while
the second stage after a month from the first
spray in the stage of emergence and formation
of branches, while the third stage when the
beginning of the emergence of flower buds.
Soil service operations were carried out,
including plowing, smoothing and leveling,
and then the experimental field was divided
into experimental units, which numbered 60 (4
x 5 x 3 = 60) experimental units. (7) rows, the
distance between rows (50 cm) and the
distance between one experimental unit and
another (1 m) and between one repeater and
another (2 m). Cumin seeds were sown in a
swarm in lines with a seeds quantity of 15 kg
ha-1 and a depth of 2-3 cm, on November 1,
2020 and 2021 for both seasons. The field soil
was also fertilized with half of the approved
fertilizer recommendation, as the full fertilizer
recommendation included adding phosphate
fertilizer in the form of triple superphosphate
(52% P205) at a rate of 60 kg ha™ scattered
before planting; Then nitrogen fertilizer was
added in the form of urea (46% N) in two
batches of 90 kg ha™, the first after thinning of
the plants and the second after the emergence
of more than (50%) of flower buds as a
booster dose (7). The crop service operations
of irrigation, hoeing and weeding were applied
whenever needed. The plants were harvested
between 10-15 April 2020 and 2021 for both
seasons sequentially, after signs of fruit
maturity appeared on the plants and their
coloration was olive-yellow in anticipation of
seeds drop and before complete drought. The
studied data were statistically analyzed
according to the GenStat program (Release
12.1) according to the design using analysis of
variance, the means of the treatments were
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compared on using L.S.D. test with a
significant 5%.

Extraction of Essential Oil and Its Analysis

The essential oil was extracted from the seeds
of the cumin plant by grinding 50 g of seeds
and adding to it 500 ml of distilled water by
hydro-distillation method using a Clevenger
device, followed by storing at 4°C according
to the method used (18). The Essential Oil
components are analyzed by Gas
Chromatography-Mass  Spectroscopy (GC-
MS), according to the method (34). And were
then identified by compart them with the Mass
Spectra found in the library in the NIST
standard source database (27).

RESULTS AND DISCUSSION

Number of days from planting to 75%
flowering: The data in Table 1 indicates that
there was a significant effects between bio-
fertilizers in the number of days from planting
to 75% flowering of the plants compared to
plants A0 (without adding vaccine), as it took
the contaminated plants A3 seeds less days to
reach 75% flowering amount 129.61 and
130.32 days, respectively, compared to A0
plants, which took more days to reach this
stage, with amount 151.06 and 153.13 days for
both seasons, respectively. While it took the
contaminated plants A2 and A1 more days to
reach this stage, it was needed 136.50 and
142.65 days and 136.46 and 144.43 days for
both seasons, respectively. The above results
also showed that the plants treated with the
coconut endosperm fluid and tryptophan were
significantly affected in the number of days
from planting to 75% flowering of the plants,
when plants treated B30C30 reached this stage
with fewer days of 144.23 and 146.40 days
than the BOCO plants (spraying with distilled
water only) for both seasons sequentially,
while the treated plants B30C15 and B15C30
reached this stage with 145.18 and 147.23
days and 148.52 and 149.33 days for both
seasons sequentially; Whereas, the B15C15-
treated plants were late in reaching this stage,
as it took 149.12 and 151.25 days, compared
to the previous treated plants, for both seasons
sequentially. Regarding the interaction effect
between the study factors, the results showed
in the same table that there were significant
differences between them in the characteristics
of the number of days from planting until
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flowering 75% of the plants, as the
contaminated plants A3 and sprayed B30C30
took 120.57 and 122.09 days less compared to
plants AOBOCO for both seasons sequentially.
Also, the sprayed plants B30C30 in the
presence of A2 took 130.59 and 131.44 days
less days compared to the non-sprayed plants
that achieved more days to reach this trait,
which amounted to 136.50 and 136.46 days for
both seasons, respectively. While the sprayed
plants B30C30 in the presence of Al
compared to the contaminated and non-
sprayed plants took 138.61 and 138.32 days
compared to the contaminated and non-
sprayed plants that achieved more days to
reach this trait amounted to 142.65 and 144.43

days for both seasons, respectively. Also
reveals from the same Table that there are
significant differences in the number of days
up to this stage between the sprayed plants
B15C15, B15C30 and B30C15, according to
the difference of bio-fertilizers compared to
the plants AOBOCO for both seasons
respectively.

Number of flowering inflorescences per
plant (inflorescence plant™); The results in
Table 1 show, that plants contaminated with
seeds A3 recorded a remarkable progress in
the number of inflorescences with an increases
285.94 and 118.06% over AO for both seasons
sequentially.

Table 1. Combined effect of Bio-Stimulants on Number of days from planting to 75%
flowering and Number of flowering inflorescences per plant (inflorescence plant™) for both

seasons
Season 2019-2020 Means Season 2020-2021
Biofertilizer Spraying treatment B.C. (ml L) A) Spraying treatment B.C. (ml L) Means
(A) BOCO BlSClS BlSCBO BBOClS BBOCBO BOCO BlSCIS BlSC3O BSOCIS BSOCSO (A)
A0 151.06 149.12 147.23 145.18 14423 147.36 153.13 151.25 149.33 148.52 146.40 149.73
Al 142.65 14146 14056 139.50 138.61 140.56 144.43 143.39 14221 141.22 14032 14231
A2 136.50 135.25 133.37 13150 130.59 13344 138.37 137.91 13582 133.12 13244 13553
A3 129.61 127.53 12544 122,70 120.57 125.17 131.32 129.59 127.62 124.24 122.09 126.97
LSDasg.c 1.255 1.106 1.31 1.10
Means B.C. 139.96 138.34 136.65 134.72 133.50 141.81 140.54 13875 136.78 135.31
LSDgc 0.436 0.40
Number of flowering inflorescences per plant (inflorescence plant™) for both seasons
Biofertilizer _ Season 2019-2020 . Means _ Season 2020-2021 . Means
A) Spraying treatment B.C. (ml L™) A) Spraying treatment B.C. (ml L™) (A)
BoCo BisCis BisCz  BzCis  B3oCao BoCo BisCis BisCz  BzoCis  B3oCao
A0 1344 1535 1741 2025 2321 17.93 1932 2154 2335 2528 2731 23.36
Al 2535 2744 2957 3238 3454 2986 30.68 3265 3325 3559 3732 33.90
A2 3523 3681 3784 3931 4078 3885 3656 3789 3843 4090 4149 3799
A3 4187 4246 4420 46.86 4892  46.47 4313 4525 46.61 4742 4992  44.86
LSDasg.c 1.279 1.038 1.70 1.40
Means B.C. 2937 3148 33.01 3524 37.29 31.78 3337 3466 36.76  38.58
LSDgc 0.509 0.70

while plants contaminated with seeds of both
A2 and Al achieved an increases 191.89 and
110.94%, 84.06 and 58.80% for AO plants for
both seasons, respectively. It is clear from the
same Table that spraying with coconut
endosperm fluid and tryptophan had a
significant effects on the number of flowering
inflorescences per plant, as B30C30 treated
plants recorded an increases 102.46 and
46.53% over BOCO plants (spraying with
distilled water only) for both seasons
sequentially, while the treated plants with
B30C15 and B15C30 increased by 80.43,
59.30%, 30.85 and 20.86% for the non-
sprayed plants for both seasons, respectively,
while the B15C15 treated plants recorded a
decreases of 39.91 and 23.91% for the
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B30C30 treated plants for both seasons,
respectively. Regarding the interaction effect
between the study factors, it was show from
the results of the same Table, that there were
significant differences in the number of
flowering inflorescences according to the
different spraying factors in the presence of
bio-fertilizers. sequentially. While the sprayed
plants B30C30 in the presence of Al and A2
gave significant differences from the plants
polluted with both of them and the non-
sprayed plants, an increases 35.94, 26.89%,
18.38 and 16.68% for both seasons,
respectively. It was revealed from the same
Table that there are significant differences in
this trait between the sprayed plants B15C15,
B15C30 and B30C15 by the differences of
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bio-fertilizers compared to the plants AOBOCO
for both seasons, respectively.

Number of flowers in the main inflorescence
(flower inflorescence™): Results in Table 2
show, that plants contaminated with seeds A3
outperformed in the number of flowers in the
main inflorescence by an increases 173.67 and

162.43% than AO (without adding vaccine) for
both seasons sequentially, followed by plants
contaminated with seeds of both A2 and Al
with an increase 114.26, 73.50%, 132.13 and
95.35% for AO plants for both seasons,
respectively.

Table 2. Combined effect of Bio-Stimulants on the number of flowers in the main
inflorescence (flower inflorescence™) for both seasons

Season 2019-2020

BIO-f(E;SIhZGI’ Spraying treatment B.C. (ml L) M/eb\ans
BoCo BisCys B1sCso B3Cis B30Csp i
A0 14.66 15.92 17.25 18.59 20.85 19.13
Al 21.45 22.11 24.15 25.89 26.94 26.64
A2 25.41 27.08 29.38 30.94 32.15 34.80
A3 31.12 33.35 36.36 37.74 39.72 44.60
LSD 1772 0.586
A*B.C
Means B.C. 27.66 29.20 3151 33.08 35.00
LSDgc 0.957
. - Season 2020-2021
Blo-fg\t)lllzer Spraying treatment B.C. (ml L™) M:‘ans
BOCO BlSClS BlSCSO B3OC15 BSOCSO
A0 16.28 17.72 18.66 20.64 21.61 18.98
Al 22.85 24.56 26.64 27.80 29.19 26.21
A2 30.47 32.75 34.20 35.89 37.07 34.08
A3 38.10 38.83 40.35 41.66 43.47 40.48
LSDasgc 1.703 0.994
Means B.C. 26.93 28.47 29.96 31.50 32.84
LSDgc 0.837

From the results of the same table, it was
observed that spraying with coconut
endosperm fluid and tryptophan had a
significant effects on the number of flowers in
the main inflorescence, as the treated plants
B30C30 recorded an increases 62.69 and
67.60% compared to BOCO plants (spraying
with distilled water only) for both seasons
sequentially, while the plants recorded
Treatment B30C15 and B15C30 increased by
54.09, 38.13%, 54.71 and 35.21% than BOCO
plants for both seasons respectively, while
B15C15 treated plants recorded a decrease of
29.06 and 26.90% for B30C30 plants for both
seasons respectively. About the interaction
effect between the factors of the study, as the
sprayed plants B30C30 in the presence of A3
achieved an increase in the number of flowers
in the main inflorescence of 239.15 and
230.30% than the plants AOBOCO for both
seasons respectively. Followed by the sprayed
plants B30C30 in the presences of each of A2
and A1, which achieved significant differences

from the plants polluted with both of them and
not sprayed with an increases 24.64, 17.64%,
10.15 and 17.89% for Dboth seasons,
respectively. It was reveals from the same
Table that there are significant differences in
this trait between the sprayed plants B15C15,
B15C30 and B30C15 with different bio-
fertilizers compared to AOBOCO plants for
both seasons, respectively.

Percentage of knots (%)

The results in Table 3 show, that the
percentage of knots in plants was significantly
affected by the different bio-fertilizers, as the
polluted plants gave A3 seeds the highest
contraction rate of 83.35 and 87.38% than the
A0 plants for both seasons sequentially, while
the polluted plants gave with each of A2 and
Al for the contraction percentage 80.73,
85.84%, 71.91 and 82.74% for both seasons,
respectively, compared to AO plants, which
gave 65.87 and 66.57% for both seasons,
respectively.

1490



Iragi Journal of Agricultural Sciences —2024:55(4):1486- 1501

Mahdi & Mustafa

Table 3. Combined effect of Bio-Stimulants on the Percentage of knots (%) for both seasons

Season 2019-2020

BIO-f(E;SIhZGI’ Spraying treatment B.C. (ml L'l) M::':\ns
BOCO BlSC15 BlSC3O B3OC15 B30(:30 )
A0 65.87 66.82 68.49 70.23 71.53 68.59
Al 71.91 73.91 76.42 77.99 79.97 76.04
A2 80.73 81.89 83.40 85.35 87.75 83.82
A3 83.35 87.98 89.35 90.05 90.61 88.27
LSDaxgc 1.003 0.646
Means B.C. 75.46 77.65 79.41 80.90 82.46
LSDgc 0.474
. - Season 2020-2021
BIO-f(E;SIhZGI’ Spraying treatment B.C. (ml L) M::':\ns
BOCO BlSC15 BlSC3O B3OC15 B30(:30
A0 66.57 72.16 74.95 78.23 79.98 74.37
Al 82.74 83.89 84.36 85.28 85.70 84.39
A2 85.84 85.70 86.10 86.48 87.17 86.26
A3 87.38 87.90 88.89 89.58 91.00 88.95
LSDa*gc 1.304 1.166
Means B.C. 80.63 82.41 83.57 84.89 85.96
LSDgc 0.438

The results in the same Table show, spraying
with the endosperm liquid of coconut and
tryptophan had a clear role in this trait, as the
plants treated B30C30 gave the highest
percentage of the contract amounting to 71.53
and 79.98% than the BOCO plants (spraying
with distilled water only) for both seasons and
sequentially. Whereas, the treated plants
B30C15 and B15C30 gave a percentage of the
contract amounted to 70.23, 68.49%, 78.23
and 74.95% of the plants BOCO for both
seasons in sequence, while the plants treated
B15C15 gave the percentage of the decade
66.82 and 72.16% of the plants treated
B30C30 for both seasons sequentially.
Regarding the interaction effect between the
study factors, it was noted that the sprayed
plants B30C30 in the presence of A3 gave the
highest percentage of the contract amounting
to 90.61 and 90.00% than the plants AOBOCO
for both seasons sequentially. While the
sprayed plants B30C30 in the presence of each
of A2 and Al gave significant differences
from the plants polluted with each of them and
the non-sprayed plants for the percentage of
nodes 87.75, 79.97%, 87.17 and 85.70% for
both seasons, respectively. It was show from
same Table that there are significant
differences in this trait between the sprayed
plants B15C15, B15C30 and B30C15 by the
difference of bio-fertilizers compared to the
AO0BOCO plants for both seasons, respectively.
Number of days from sowing to full
maturity (day): The results in Table 4 show,
that there was a significant difference between
the bio-fertilizers in the number of days from

sowing to full maturity. The AO (without
adding vaccine), took the contaminated plants
A3 less days to reach full maturity, which
160.43 and 157.67 days, respectively,
compared to AO plants, which took a greater
number of days to reach this stage (180.12 and
179.09) days for both seasons, respectively.
While the plants contaminated with both A2
and Al took more days to reach full maturity,
they reached 168.61 and 174.75 days and
165.10 and 173.55 days for both seasons,
respectively. It was found from the results of
the study in the same Table, that the
combination of the endospermic fluid of
coconut and tryptophan had a significant effect
on the number of days from planting to full
maturity, as it took B30C30 treated plants less
number of days to reach this stage, which
amounted to 17541 and 174.12 days
compared to BOCO plants (spraying with
distilled water only ) for both seasons
sequentially, while the sprayed plants with
B15C30 and B30C15 did not move away from
each other in taking more days to reach this
stage for both seasons sequentially. While the
plants sprayed with B15C15 achieved a
significant increases over the plants treated
with B30C30, with the highest number of days
being 179.46 and 177.45 days for both
seasons,  respectively.  Regarding  the
interaction effect between the study factors, it
was noted from the results of the statistical
analysis in the same Table that there was no
significant effects for them on the number of
days from planting to full maturity for both
seasons.
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Seeds number per the main inflorescence
(seeds inflorescence™): The results in Table 4
show, that plants contaminated with seeds A3
had a significant increases 261.70 and
225.35% over A0 (without adding vaccine) for

both seasons sequentially, while plants whose
seeds were contaminated with both A2 and Al
achieved an increases 225.16 and 163.46% and
226.91 and 175.12% for plants AO for both
seasons, respectively.

Table 4. Combined effect of Bio-Stimulants on the number of days from planting to full
maturity (day) and Seeds number per the main inflorescence (seeds inflorescence™) for both

seasons
Season 2019-2020 Means Season 2020-2021
Biofertilizer Spraying treatment B.C. (ml L™) (A) Spraying treatment B.C. (ml L™) Means
(A) BoCo BisCis  BisCyp  B3Cis  B3Cy BoCo BisCis  BisCyp  B3pCis  B3pCy (A)
A0 180.12 179.46 17890 177.17 17541 17821 179.09 17745 17558 17455 17412 176.16
Al 17475 17258 17156 17095 169.45 171.86 17355 171.72 170.36 168.30 166.18 170.02
A2 168.61 166.38 164.99 163.71 161.15 164.97 165.10 163.37 161.37 160.22 158.37 161.69
A3 160.43 159.15 157.16 155.87 153.65 157.25 157.67 156.77 154.72 15322 150.92 154.66
LSDasg.c N.S 0.942 N.S 0.84
Means B.C. 17098 169.39 168.15 166.92 164.92 168.86 167.33 165.51 164.07 162.40
LSDgc 1.141 1.02
Seeds number per the main inflorescence (seeds inflorescence™) for both seasons
Biofertilizer _ Season 2019-2020 . Means _ Season 2020-2021 . Means
A) Spraying treatment B.C. (ml L™) A) Spraying treatment B.C. (ml L™) (A)
BoCo BisCis BisCsp  B3pCis  BsoCao BoCo BisCis BisCsp  B3pCis  B3Cap
A0 9.66 1131 1376 1545 1644 1332 1085 13.06 1501 1816 20.28 1547
Al 1797 19.13 1985 2132 2316 2029 2490 26.60 2748 29.72 30.02 27.74
A2 25.03 27.03 2919 30.73 3383 29.16 30.16 30.67 31.95 3244 3401 3185
A3 3494 3695 4021 4232 44.4 39.76 3569 3654 40.86 4332 4516 4031
LSDasg.c 1.50 1.37 15 11
Means B.C. 2190 23.61 2575 2746 29.46 2540 26.72 2883 3091 3237
LSDg ¢ 0.48 0.7

The combination of spraying with coconut
endospermic liquid and tryptophan
significantly affected the number of seeds in
the main inflorescence, as the treated plants
B30C30 had an increases 70.19 and 91.68%
compared to the BOCO plants (spraying with
distilled water only) for both seasons
sequentially, while the treated plants B30C15
and B15C30 achieved an increases its amount.
59.94, 42.44%, 71.64 and 43.86% less than
BOCO plants for both seasons, respectively,
while the treated plants B15C15 achieved a
decreases 41.24 and 47.83% than B30C30
plants for both seasons, respectively.
Regarding the interaction effect between the
study factors, the results of the same Table
show that the number of seeds in the main
inflorescence increased significantly with the
increases in the levels of spraying factors
according to different bio-fertilizers, especially
plants contaminated with A3 seeds, as the
sprayed plants B30C30 in the presence of A3
achieved an increases 359.63 and 326.84%
over the plants AOBOCO for both seasons
sequentially. While the sprayed plants B30C30
in the presence of each of A2 and Al achieved
an increases 35.16, 28.88%, 16.76 and 20.86%
than the plants contaminated with each of
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them and not sprayed for both seasons
respectively. Shows The same table shows that
there are significant differences in the number
of seeds in the main inflorescence between the
sprayed plants B15C15, B15C30 and B30C15
with the difference in bio-fertilizers compared
to the plants AOBOCO for both seasons in
sequence.

Weight of 1000 seeds (g)

The results in Table 5 show, that plants
contaminated with seeds A3 achieved an
increases in the weight of thousand seeds
89.27 and 93.30% than AO (without adding
vaccine) for both seasons sequentially.
whereas, plants contaminated with seeds of
both A2 and Al achieved an increases 68.29,
67.46%, 27.95 and 32.06% over AO plants for
both seasons, respectively. The results of the
statistical analysis in the same Table indicate
that the weight of the thousand seeds increased
with the increase in the levels of the spraying
combination, as the treated plants B30C30
achieved an increases 23.27 and 26.79%
compared to the BOCO plants (spraying with
distilled water only) for both seasons and
sequentially. While the treated plants B30C15
and B15C30 achieved an increases 19.51,
13.51%, 22.01 and 18.66 % than the BOCO
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plants for both seasons, respectively, while the
B15C15 treated plants achieved a decrease of
15.02 and 11.32% than the B30C30 treated
plants for both seasons, respectively.
Regarding the interaction effect between the
study factors, it was show from the results of
the same Table, that there were significant
differences in the weight of thousand seeds
according to the different spraying factors in
the presence of bio-fertilizers, as the sprayed
plants B30C30 in the presence of A3 achieved
an increases 111.70 and 116.75 than the plants
AOBOCO for both seasons sequentially. While
the sprayed plants B30C30 in the presences of
each of Al and A2 achieved an increases
23.66, 11.01%, 23.91 and 14.00% over the
plants contaminated with each of them and not
sprayed for both seasons respectively. And we
note from the same table that there are
significant differences in this trait between the
sprayed plants B15C15, B15C30 and B30C15
by the difference of bio-fertilizers compared to
the AOBOCO plants for both seasons,
respectively.

Seeds yield (kg ha™)

The data in Table 5 indicates that there was a
significant effect between bio-fertilizers in the
trait of seeds yield of cumin, especially the
plants contaminated with seeds A3 that
achieved an increases 76.05 and 68.88%
compared to A0 (without adding vaccine) for
both seasons sequentially. It was followed by
plants contaminated with seeds of both A2 and
Al, which achieved an increases 55.08,
31.30%, 50.58 and 30.02% over AO plants for
both seasons, respectively. The results indicate
in the same Table that the seeds yield of cumin
increased with the increase in the levels of the
combination of spraying with coconut
endosperm fluid and tryptophan, especially the
B30C30 treated plants, which achieved an
increases 29.61 and 27.61% compared to
BOCO plants (spraying with distilled water
only) for both seasons sequentially. It was
followed by the plants treated B30C15 and
B15C30, which achieved an increases 25.44,
20.52%, 23.87 and 21.34% compared to the
plants BOCO for both seasons in sequence,
while the plants treated with B15C15 recorded
a decreases 13.66 and 12.76% for the plants
treated B30C30 for both

Table 5. Combined effect of Bio-Stimulants on the weight of 1000 seeds (g) and Seeds yield
(kg h™) of cumin for both seasons

Season 2019-2020

Season 2020-2021

Biofertili Spraying treatment B.C. (ml L ™) Means Spraying treatment B.C. (ml L™?)
zer (A) A) Means
BoCo B1sCis B15Cao B3Cis  BsoCao BoCo BisCis  BisCxn  BaCis B30Cso A
A0 2.05 2.15 2.33 2.45 2.53 2.30 2.09 2.35 2.48 2.55 2.65 2.42
Al 2.62 2.73 2.87 3.08 3.24 291 2.43 2.89 2.96 3.54 3.42 3.05
A2 3.45 3.52 3.62 3.79 3.83 3.64 3.50 3.61 3.75 3.85 3.93 3.73
A3 3.88 3.93 4.00 431 4.34 4.09 4,01 414 4.25 4.39 453 4.26
LSDassc 0.0189 0.0277 0.117 0.039
Mean 3.00 3.08 3.20 341 3.49 301 325 336 358 3.63
LSDec 0.0409 0.063
Seeds yield (kg h™*) of cumin for both seasons
Season 2019-2020 Season 2020-2021
Biofertili Spraying treatment B.C. (ml L™) Means Spraying treatment B.C. (ml L™) Means
zer (A) (A) BaC (A)
BoCo B1sCis B15Cso B30Cis B30Cao BoCo B1sCis B15Cao B3Cis ©
A 73360 82090 88410 92020 95083 86193 76730 85422 93105 95046 > 89644
Al 96320 98920 102387 106433 111067 103025 99767 02*° 104450 108468 1%3 10%5'4
A2 13770 118813 120777 123747 126053 120626 Ty 11%4'2 121080 124475 1273 12%)7'5
A3 1291.47 1322.30 1361.87 1392.20 1430.53 1359.67 12%5'7 133:;0'3 1369.62 1402.29 1£;3;7 13%7'1
LSDass.c 24.556 19.819 8.634 4.266
Mean 105
1031.49 1080.13 1188.14 11583‘4 1119.40 4.0 11%0'6 11‘;1'2 1170.55 1204.15
4
LSDsc 9.837 4.432
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seasons,  respectively.  Regarding  the
interaction effect between the study factors, it
was noticed that there were significant
differences in seeds yield with different levels
of spraying agents in the presence of bio-
fertilizers, especially plants contaminated with
A3 seeds, as the sprayed plants B30C30 in the
presence of A3 achieved an increases 95.00
and 87.38% over the plants AOBOCO for both
the two seasons sequentially. While the
sprayed plants B30C30 in the presence of each
of Al and A2 achieved an increases 15.30,
10.80%, 12.91 and 10.20% than the plants
polluted with each of them and not sprayed for
both seasons sequentially. From the same
results revealed that there were significant
differences in seeds yield between the sprayed
plants B15C15, B15C30 and B30C15 by
different bio-fertilizers compared to AOBOCO
plants for both seasons respectively.

Essential oil percentage (%0)

The results in Table 6 show, that the
percentage of essential oil increased linear
significant increases with the differences in
bio-fertilizers, as plants contaminated with
seeds A3 recorded the highest percentage of
volatile oil of 3.25 and 3.31% compared to AO
(without adding vaccine) for both seasons
sequentially. Followed by plants contaminated
with seeds of both A2 and A1, which scored
2.40, 1.78%, 2.72 and 2.03% for plants AO for
both seasons, respectively. The results of the
same Table indicate that spraying with coconut
endosperm fluid and tryptophan had a

significant effect on the percentage of volatile
oil for cumin seeds. Treated plants with
B30C30 recorded the highest percentage of
volatile oil amounting to 1.68 and 1.87% over
BOCO plants (spraying with distilled water
only) for both seasons sequentially, followed
by plants treated with B30C15 and B15C30
recorded 1.47, 1.35%, 1.64 and 1.42% for the
BOCO plants for both seasons, respectively,
while the B15C15-treated plants compared
with the B30C30-treated plants recorded the
lowest percentage of oil, which was 1.04 and
1.20% for both seasons, respectively.
Interaction effect between the study factors, it
was found that the percentage of volatile oil in
the seeds increased with the increasing in the
levels of spraying agents in the presence of
bio-fertilizers, especially plants whose seeds
were contaminated with A3. The plants
sprayed with the combination B30C30 in the
presence of A3 recorded the highest
percentage of oil, which was 3.64 and 3.70%
compared to AOBOCO plants for both seasons
sequentially. It was followed by the sprayed
plants B30C30 in the presence of both A2 and
Al for both polluted and non-sprayed plants,
which scored 3.21, 2.19%, 2.93 and 2.67% for
both seasons, respectively. It is also noted
from the same table the significant effect of
the sprayed plants B15C15, B15C30 and
B30C15 by different bio-fertilizers compared
to the plants AOBOCO for both seasons
sequentially.

Essential oil yield (L ha™)

Table 6. Combined effect of Bio-Stimulants on the essential oil percentage (%) and Essential
oil yield (L ha™) for both seasons

Season 2019-2020

Season 2020-2021

Biofertilizer Spraying treatment B.C. (ml L™) Spraying treatment B.C. (ml L™)
(A) BoCo  BisCis  BisCap  B3Cis  B3Cs  Means  BoCq  BysCis BisCap  B3Cis  B3pCzy  Means
A0 0.85 1.04 1.35 1.47 1.68 1.28 0.97 1.20 1.42 1.64 1.87 1.42
Al 1.78 1.84 1.90 1.92 2.19 1.93 2.03 2.25 2.53 2.60 2.67 2.42
A2 2.40 2.58 2.74 3.10 3.21 281 2.72 2.77 2.82 2.86 2.93 2.82
A3 3.25 3.34 3.46 3.58 3.64 3.45 331 3.49 3.63 3.67 3.70 3.56
LSDasg c 0.079 0.107
Means B.C. 2.07 2.20 2.36 2.52 2.68 0.062 2.26 243 2.60 2.69 2.79 0.069
LSDg ¢ 0.033 0.050
Essential oil yield (L ha™)
Season 2019-2020 Season 2020-2021
Biofertilizer Spraying treatment B.C. (ml L) Spraying treatment B.C. (ml L)
(A) BoCo BisCis BisCso  B3Cis B3pCsp Means  BoCo  BisCis  BisCyp  BgoCis  B3oCzp  Means
A0 6.23 8.55 1197 1354 16.00 11.26 7.46 1025 1322 1559 1828  12.96
Al 17.14 1818 1942 2043 2436 1991 2029 23.00 2646 2824 3011 2562
A2 2732 3059 33.09 3836 4041 3395 3142 33.04 3444 3561 3735 3437
A3 42,02 4415 4714 4982 5212 47.05 4285 46.38 49.77 5146 5325 4874
LSDasg.c 1.097 1.306
MeansB.C. 2318 2537 2791 3054 3322 2551 2817 3097 3273 3475 0.921
LSDgc 0.384 0.589
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The results in Table 6 show, the significant
differences between the bio-fertilizers in the
volatile oil yield of cumin seeds, especially the
plants contaminated with A3 seeds, which
achieved an increases 574.48 and 474.40%
compared to A0 (without adding vaccine) for
both seasons sequentially. It was followed by
plants contaminated with seeds of both A2 and
Al, which achieved an increases 338.52 and
175.12% and 318.77 and 171.98% over AO
plants for both seasons and sequentially. The
results in the same Table indicate, that the
yield of the volatile oil of cumin seeds
increased by increasing the levels of the
combination of spraying with coconut
endosperm fluid and tryptophan, especially the
treated plants B30C30, which achieved an
increases 156.82 and 145.04% compared to
plants BOCO (spraying with distilled water
only) for both seasons respectively. It was
followed by plants treated B30C15 and
B15C30, which achieved an increases 117.34,
92.13%, 108.98 and 77.21% compared to
plants BOCO for both seasons respectively,
while plants treated B15C15 recorded a
decreases of plants treated B30C30 amounting
to 46.56 and 43.93% for both seasons
respectively. The interaction effect between
the study factors, significant differences were
observed in the yield of the volatile oil of
cumin seeds with different levels of spraying
factors in the presence of bio-fertilizers,
especially plants contaminated with A3 seeds,
as the sprayed plants B30C30 in the presence
of A3 achieved an increases 784.75 and
613.81% over the plants AOBOCO for both
seasons sequentially. While the sprayed plants
B30C30 in the presence of each of A2 and Al
achieved an increases 47.91, 42.12%, 18.87
and 48.40% over the plants contaminated with
each of them and not sprayed for both seasons
respectively. It was found same results that
there were significant differences in the yield
of the volatile oil between the sprayed plants
B15C15, B15C30 and B30C15 by different
bio-fertilizers compared to AOBOCO plants for
both seasons respectively.

Percentage Cuminaldehyde in the essential
oil of cumin (%0): The results in Table 7 show,
that there were significant effects with plants
contaminated with seeds A3, which is
recorded with the highest percentage of the
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active compound Cuminaldehyde, which was
8.32 % than A0 (without adding vaccine) for
average both seasons sequentially. The results
in the Table indicate, that spraying with
coconut endosperm fluid and tryptophan had
an significant effect on the proportion of the
compound Cuminaldehyde, as the plants
treated with the spray combination B30C30
recorded the highest percentage of the above
active compound, which was 11.85% than the
BOCO plants (spraying with distilled water
only) for average both seasons sequentially,
followed by Treated plants B30C15 and
B15C30 recorded 11.43 and 9.94% for both
seasons, respectively. While B15C15-treated
plants compared to B30C30 treated plants
scored 8.80% for average both seasons,
respectively.  Regarding the combined
significant effects between the study factors, it
was noted that the proportion of the compound
Cuminaldehyde in the essential oil of cumin
was affected by the increase in the levels of
spraying agents in the presence of bio-
fertilizers, especially plants whose seeds were
contaminated with A3 achieved an increases
34.71% over the plants AOBOCO for average
both seasons, sequentially. While the sprayed
plants B30C30 recorded in the presence of
both A2 and Al they were 22.23 and 16.41%
for both seasons respectively. It can also be
noted from the same Table that the effect of
sprayed plants B15C15, B15C30 and B30C15
was significant with different bio-fertilizers
compared to AOBOCO plants for both seasons,
respectively. From this study the results
showed, that the factors had contributed
significantly through their mechanism of
action to a linear increases in most traits,
flowering growth, yield and active substance
of cumin plant, especially trait number of days
from planting to 75% flowering of the plants
(Table 1), it could be attributed the reason why
plants polluted with their seeds take less days
from planting to 75% flowering of plants for
each treatment and more days when compared
to uninoculated plants (without adding
vaccine), to the superiority of these plants in
most of the characteristics of vegetative
growth, especially the content of leaves from
total chlorophyll and macronutrients, which
was positively reflected in a better balance of
metabolic processes within plant tissues, or
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perhaps the reason for this is due to the effect
of some growth-stimulating hormones secreted
by the study factors, especially the spray
factors represented by the endospermic fluid of
coconut and the amino acid tryptophan directly
on the genes responsible for revealing flower
buds and early flowering by secreting the
flowering hormone (Florigen), which gives a
signal to the plant that the vegetative growth
stage is sufficient and the transition to the
flowering stage (15, 28, 35). The number of
flowering inflorescences in the plant (Table 1),
it was revealed that the plants whose seeds
were contaminated with the mixture between
vaccination were superior in this trait than
other treatments. By the increase in the
number of flowering inflorescences in the
plant (17). It is also revealed from the same
Table that the number of flowering
inflorescences differed significantly with the

combination of the two spraying factors, and it
increased directly with the increase in their
levels, as well as the interaction effect of the
study factors was significant, especially the
plants sprayed with a combination (30 ml L™

each) in the presences mixture between
vaccination  that participated together in
giving the largest possible number of

flowering inflorescences in the plant, and this
synergistic effect could be due to the
containment of some growth regulators,
including zeatin, which is responsible for cell
division, as well as the presence of some
growth-stimulating compounds. Such as
auxins, which active on cell elongation and
division, reduce apical dominance and release
lateral bud growth, and as a result, an increase
in the number of flowering inflorescences of
the plant (21).

Table 7. Combined effect of Bio-Stimulants on the percentage Cuminaldehyde in the essential oil of
cumin (%) for average both seasons

Biofertilizer Spraying treatment B.C. (ml L)

(A) BoCo B15Cis B1sCso B30Cis B30Cso Means
A0 5.06 8.80 9.94 11.43 11.85 9.42
Al 5.61 12.96 14.72 15.74 16.41 13.09
A2 6.59 16.63 17.11 20.81 22.23 16.67
A3 8.32 23.09 23.85 30.15 34.71 24.02
LSDaxgc 2.156 1.43
Means B.C. 6.39 15.37 16.40 19.53 21.30
LSD gc 1.098

The number of flowers per main inflorescence
(flower inflorescence™), increases with the
increasing in the study factors. Then it
developed by activating the effectiveness of
metabolic  processes, including carbon
building, which was positively reflected on the
increases in the number of flowers in the main
inflorescence (23), as well as the growth-
encouraging  substances  produced by
Pseudomonas fluorescens bacteria, such as
auxins and cytokines, which cooperated with
the biological compounds and hormones
secreted by the spray agents. Plant that is
linked to the active growth centers in the plant,
which leads to encouraging the growth of plant
cells and tissues, and thus increases the
efficiency of the transfer of metabolic products
to a large extent to meet the requirements of
plant growth and energy, and this is reflected
positively on an increase in the number of
flowers in the main inflorescence. As for the
interaction effect of the study factors, it was
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noted that the plants treated with (30 ml L~
each) in the presence of the mixture between
vaccination were significant in affecting this
trait. Carbon and then the increases in the
number of flowering inflorescences in the
plant and thus reflected in the increases in the
seeds yield. As for the percentage of knots
(%), it was found that the percentage of knots
of the traits were significantly affected by the
difference of bio-fertilizers and spray agents,
as plants polluted with the mixture between
vaccination gave the highest proportion of
knots for both seasons, superior to the other of
the treatments from other fertilizers, and this
could be attributed the ability of these
fertilizers, especially the bacterial isolate
Pseudomonas fluorescens, which is one of the
growth-promoting bacteria PGPR. Activating
the growth of lateral buds, which is the main
source for increasing the number of flowers
and its development, in addition to their vital
role in preventing the fall of the flower organs
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through the processes of pollination and
fertilization, which contributes to the success
of fruit set (2). The interaction effect of the
study factors contributed to achieving the best
results, especially the plants treated with the
combination of spraying (30 ml L™ for each)
in the presence of the mixture between
vaccination due to their participation in the
production of many organic and biological
substances stimulating growth by increasing
the metabolic products of the plant by
increasing the total chlorophyll pigment.
Which is the main and influencing factor in the
plant’s response to adequate photoperiods, and
this is positively reflected in the increases in
the products of carbon metabolism, including
carbohydrates, and increases in the number of
flowering inflorescences per plant (Table 1)
and the improvement of the rate of knots (21).
The number of days from planting to full
maturity (Table 4) a variation in the number of
days. Also, the treatment of the spraying
mixture (30 ml L™ each) was superior to the
other levels of the spraying mixtures compared
to the non-polluted and non-sprayed
(comparative) plants, which took more days to
reach this stage, and a difference of 20 and 22
days between them for both seasons. The
effect of this study factors to this trait had
accelerated the filling of the bean by taking the
plant enough light and the necessary nutrients,
in addition to their participation together in the
production of many plant hormones that
stimulate growth, including cytokinin's, which
contribute to stimulating vital processes
through the production of larger quantities of
chloroplasts and chlorophyll, thus delays the
process of yellow leaves and delays aging
(16). Also, these plants were early in the
flowering stage (Table 1) and responded to the
study factors significantly in the characteristics
of flowering growth, especially the number of
flowering inflorescences in the plant and the
percentage of knots (Tables 1 and 3). As for
the interaction effect of this study factors, it
was revealed from the results of the same
Table that there was no significant effect for
them in this characteristic for both seasons.
The vital activities and mechanisms of the
aforementioned study factors were positively
reflected in the superiority of the indicators of
the seeds yield and its effective components,

1497

as evidenced by the increases in the number of
seeds in the main inflorescence (Table 4),
which is one of the important indicators in
determining the seeds yield and its
components in quantity and quality. The main
objective in the production of most field crops.
It was noted that this characteristic increased
in the presence of bio-fertilizers for both
seasons, especially plants whose seeds were
contaminated with the mixture between
vaccination that were treated with a
combination of spraying (30 ml L™ each). This
leads to an increase in most characteristics of
vegetative growth, including total chlorophyll
and macronutrients, which was reflected in the
increases in the products of carbon metabolism
to meet the flower’s need for nutrients
necessary to ensure the formation and knotting
of seeds, and nitrogen has an effective role
contributing to the increases in the number of
inflorescences, the number of flowers in the
main inflorescence, and the percentage of
knots (Tables 1, 2 and 3). This is significantly
reflected by the increases in the number of
seeds in the main inflorescence, in addition to
the role of the zeatin compound secreted by
spray agents, especially the coconut
endosperm fluid, which is known to represent
a form of natural cytokinin that prevents or
reduces apical dominance in plants, which
triggers the growth of lateral buds followed by
an increase in the number of main branches of
the plant, the total chlorophyll content of the
leaves, the number of inflorescences and the
number of flowers in the main inflorescence,
as a result, was positively reflected on this
trait, and about the weight of the thousand
seeds (Table 5) (10). This trait is one of the
main components of the yield as it expresses
the degree of filling the seeds with dry's matter
and depends on the power of the estuary as a
recipient of the products of photosynthesis.
The other reason and a direct increases with
the increase in the levels of the two factors
spraying with the endosperm liquid of coconut
and the amino acid tryptophan, and the reason
could be attributed to the fact that the same
plants achieved superiority in the number of
flowering inflorescences in the plant, the
number of flowers in the main inflorescence,
the percentage of knots (Table 1, 2 and 3) and
seeds number per the main inflorescence
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(Table 4), which indicates that the plants
treated with biofertilizer invested their ability
to support the plant and supply it with
nutrients necessary to activate metabolic
processes, especially the photosynthesis
process, which led to the formation of a good
vegetative group and thus increased the
accumulation  of  nutrients such  as
carbohydrates and proteins in the seeds, which
led to an increase in The weight of the
thousand seeds (7), as well as the cooperative
and joint effect among the factors of the study
in showing this trait, especially the plants
Sprayed (30 ml L™ each) in the presence of the
mixture between vaccination , improved the
vegetative growth characteristics such as the
height of the main stem, the dry weight of the
shoot and the content of the fresh leaves of
chlorophyll, which led to an increase in the
products of photosynthesis due to an increase
in its resistance to light and its ability to
secrete  many biological compounds that
stimulate growth, since the seeds are among
the estuaries in which the products of
photosynthesis are concentrated in a
concentrated manner, thus it was positively
reflected in the increases this trait compared to
the non-polluted and non-sprayed plants (the
comparison). The seeds yield (Table 5), seed
yield is one of the basic components of seeds
production that depends on the physiological
and morphological characteristics that affect
the different stages of growth. As we note
from the same results, that plants whose seeds
were contaminated with the mixture between
vaccination effectively contributed to an
increases in the total chlorophyll content of the
leaves, which means an increases in the
efficiency of the photosynthesis process and a
positive reflection on the abundance of
vegetative and floral growth, and as mentioned
previously, and this in total led to an increases
in seeds yield. In addition to the role of the
study factors, especially that the plants sprayed
(30 ml L each) with the mixture between
vaccination were more responsive in
expressing their efficiency in most of the
studied traits, which in turn was positively
reflected in the increase in the final yield of
seeds. The percentage of Essential oil (Table
6), as this trait in seeds is one of the important
indicators in determining the yield of the
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resulting oil in quantity and quality, so this
trait is quickly affected by internal factors such
as plant hormones and by external factors such
as environment and plant type (8). It is noted
from the results in (Table 6) that the
percentage of volatile oil increased in plants
whose seeds were contaminated with the
mixture between vaccination , and the reason
could be due to the vital role of these bacterial
vaccines in fixing atmospheric nitrogen, which
helped the plant to increases the efficiency of
metabolic activities in the plant, especially
photosynthesis, which in turn It led to an
increases in the production of compounds and
active substances, including essential oils,
which are byproducts of photosynthesis (19),
in addition to what is produced by the two
spray agents represented by the coconut
endosperm fluid and tryptophan, which
represent one of the forms of natural growth
stimulants such as cytokinin and auxin, which
are naturally created inside plant cells as they
stimulate growth and cell division, which has
been positively reflected in increasing plant
growth and development in quantity and
quality (25, 35). The interaction effect of this
study factors, especially the sprayed plants (30
ml L™ each) in the presence of the mixture
between vaccination, which were not isolated
from each other, as their use together had a
significant effect on the vegetative and
flowering growth, especially in the number of
flowering inflorescences in the plant and the
seeds number per the main inflorescence, and
seeds yield (Tables 1, 4 and 5). The essential
oil yield is also one of the important vital
traits, and it is affected by two main
characteristics, namely, the seeds yield and the
proportion of volatile oil, which participate in
the outcome in determining the total yield of
volatile oil. It was noticed from (Table 6) that
plants whose seeds were contaminated with
the mixture between vaccination achieved a
significant superiority over the rest of the
fertilizers compared to the uninoculated plants
(without adding vaccine) by giving them the
highest oil yield for both seasons, as the study
factors had previously had a significant effect
in increasing the percentage of essential oil as
well as in the seeds yield (Tables 5 and 6) as a
result of the efficiency of metabolic processes,
especially photosynthesis and respiration,
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which led to an increases in the accumulation
of dry matter at the source and its transfer to
the downstream (seeds), which reflected
positively on an increases in the vyield of
volatile oil (26). The reason could be attributed
to the interaction effect of the study factors,
especially when treating plants with a
combination spray (30 ml L™ for each) in the
presence of the mixture between vaccination
as a results of their containing many vital
compounds and natural plant hormones such
as Auxin, Gibberellin, cytokinin and Zeatin
because of their effect The biological active in
cell division, raising the efficiency of vital
processes and increasing their metabolic
products, as well as providing the nutrients
necessary for plant growth and development,
as the amount of oil depends on the
manufacture and accumulation of primary
nutrients such as carbohydrates in the seeds,
and thus this is reflected positively on the
increases in the yield of volatile oil (8). The
effect of biological fertilizers in stimulating
the production of active compounds in the
essential oil of cumin seeds, especially the
main compound Cuminaldehyde, we note from
the results in Table 7 show that plants sprayed
with (30 ml L™ each) in the presence of the
mixture between vaccination gave the highest
increases in the area ratio of the compound
compared to the reason could be attributed to
the increases this treatment in the indicators of
floral growth characteristics (Table 1-4) and
yield (Table 4,5), as well as the increases in
the percentage of essential oil and its yield
(Table 6), which led to a higher amount of this
compound inside the Essential oil, which is an
indicator of the accumulation of carbon-
building products that constitute the
biosynthesis of oxygen compounds, thus
reflected positively in the manifestation of this
characteristic, in addition to the vital role of
the agents of spraying with the endosperm
liquid of coconut and the amino acid
tryptophan, which participated in the secretion
of vital compounds such as cytokinin's, auxins
and acids the amino, organic and enzymes
necessary in the production of active
compounds and the increases solid oxygen
compounds and their accumulation in the
essential oil of the cumin plant (1). The
increases in the area ratio of the
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aforementioned effective compound when
treating plants with the interaction effect of the
study factors, especially plants treated with a
combination spray (30 ml L' each) in the
presence of the mixture between vaccination ,
and the reason could be attributed to the
synergistic effect among them in improving

the efficiency of metabolic processes,
especially The process of photosynthesis and
the increases its products, and their

accumulation in the plant parts, which leads to
an increases in the production of secondary
metabolic compounds, including volatile oils,
an increases in the number and size of oil
glands, the accumulation of oils in them and
an increases in the oxygen compounds in the
volatile oil (2, 20).
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