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ABSTRACT— The experiment was conducted for the 2019-2020 growing season. This study aimed to
study the effect of spraying of vitamin B3 and the amino acid glycine and their interference on some growth
indicators of celery plant; it is included the using three concentrations of the vitamin (0.75,150) mg.L™ and
three concentrations of glycine (0,50,100) mg.L™. The experiment was designed according to Randomized
Complete Blocks Design (R.C.B.D.) with three replicates for each treatment. The averages were compared
using the least significant difference (LSD) at a probability level (0.05), and the following results were
revealed. 1- Vitamin B3 at different concentrations resulted in a significant increase in all the studied
features, as the concentration of 75 mg.L™ of the vitamin effect on plant height and number of leaves, while
the concentration 150 mg.L™ effect on root length, nitrogen rate, Phosphorous rate, magnesium rate, iron
content, leaf content of chlorophyll and protein content. 2- The results indicated that the effect of the amino
acid glycine at different concentrations caused a significant increase in all plant growth indicators (plant
height, root length, number of leaves, nitrogen rate, phosphorus rate, magnesium rate, iron rate, leaf content
of chlorophyll and protein rate. 3- The effect of the overlap between the two study factors was significant in
all the studied traits, as the combination between 75 mg.L™ of vitamin and 50 mg.L™ of glycine has greater
effect on plant height and number of leaves, while the combination between 150 mg.L™ of vitamin and 50
mg.L™ of glycine in was with greater effect on root length, nitrogen rate, phosphorous rate, magnesium rate,
iron rate, leaf content of chlorophyll, protein rate.
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1. INTRODUCTION

Celery plant (Apium graveolens L.) is one of the plants of the umbrella family, famiy: Apiaceae
(Umbelliferae), which includes about 270 genera and 2700 species of plants belonging to this family.
Celery plant is considered an annual or perennial herbaceous plant with a distinctive aromatic smell and is
widely cultivated in temperate and cold regions [30]. This plant is one of the winter vegetable crops in
addition to its cultivation throughout the year; it is considered an important crop in temperate regions of the
world, especially Asia, Europe and North America. It is grown in Iraq mainly for its leaves, which are rich
in important mineral nutrients and antioxidants as well as for high medicinal value [28].

The medical importance of celery is due the presence of many effective medicinal compounds in its volatile
oil, and the most important of these compounds is Limonen by 60% and Selinene by 10%, in addition to
other compounds and these compounds are given the plant the a distinctive aromatic smell. Additionally, it
contains organic acids including Malic acid and Citric acid, as well as amino acids [31]. Interestingly,
celery plant contains many important and necessary substances such as vitamins (B1, B6, C, K, A), proteins
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and carbohydrates, and it also contains many important mineral elements, including iron, iodine,
phosphorous, potassium and other elements [3]. The presence of these substances in the plant has made it of
great medical importance, as it is used in many treatments, including the treatment of rheumatism,
impotence and gout disease, and its seeds are also used in treating cases of dizziness and as a stimulant for
menstrual flow [32].

For the reason of its original home in the temperate regions of Asia and its move to Europe on the coasts of
the Mediterranean Sea, the Greeks knew it and called it (the lunar plant) and attributed it to it as nerves
sedative and a treatment for teeth pain; the Arabs knew it since ancient ages, and Ibn Sina said about it: (Its
seeds are used to prevent ascites and purify the liver, kidneys, bladder, uterus, and stimulate menstruation
and urine). Moreover, Ibn al-Qayyim al-Jawziyyah said about it: (The moisturized leaves of the celery plant
benefit the liver, generate urine and menstruation and break up the stones in the kidneys), while Ibn al-Bitar
said: (The juice of the celery plant is useful for the treatment of fever, and its leaves benefit the stomach,
liver, treat itching, scabies, and relieve eye and breast pain) [33].

The cultivation of the celery in the beginning was for its therapeutic effectiveness only; it was known in
China 2000 years ago and its seeds were used in traditional Chinese medicine for treating dizziness and for
reducing high blood pressure [29]. Furthermore, Pharaohs also used it in the treatment of parasites, bilharzia
and intestinal worms, and also used it to stop eye congestion, break up of kidney stones, uterus
inflammation and to reduce tumors [34].

Vitamins are known as organic compounds that are necessary for the growth and activity of the plant, and
are essential in most of the metabolic processes that occur inside the plant, and are also important for
metabolism processes balance, as the spraying of vitamins on the plant leads to growth stimulation via
activating some enzymatic reactions through entering vitamins as biological cofactors and enzymatic
adjuvants in many different biological processes [35], [13].

One of these vitamins is vitamin B3, nicotine amide. For the purpose of avoiding confusion between
nicotinic acid (vitamin B3) and tobacco nicotine, this vitamin was called Niacin [35]. Moreover, it has an
important role in many biological processes of plants due to its role into the biosynthesis of the enzymatic
conjugates (NAD, NADP) [18], [35] as they work with a large number of dehydrogenases that are found in
the cytoplasm and are necessary in the metabolism of basic biological compounds such as lipids, proteins
and carbohydrates [15].

[1] study found that the spraying of vitamins on the plant is of great importance in stimulating the growth of
a plant, and it is known that nicotine amide is a growth-regulating agent that affects many physiological
processes such as the biosynthesis of enzymes, nucleic acids and proteins. In addition, nicotine amide acts
as a coenzyme [8]. Whereas, the stimulating effects of nicotine amide (vitamin B3) on plant growth were
found to be associated with an increase in the levels of internal plant activity, particularly gibberellin acid
(GA3) and IAA, which have a role in stimulating the growth of plant organs [25].

Glycine is one of the simplest amino acids; it is an organic chemical compound with molecular formula is
(CH,CH,COOH) and has a molecular weight of 75.07 g.mol™ and its chemical name is 2-amino ethanoic
acid, which is the smallest amino acid among the amino acids that make up proteins. Glycine has
physiological importance in plants, as it activates the photosynthesis process [19]. This acid also contributes
to the synthesis of Glutathione, which is an antioxidant resulting from exposure to environmental stresses
[21]. Interestingly, glycine also act to increase the plant tolerance to pollutant stress [22] it also works to
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stimulate the biosynthesis of chlorophyll [10] and has a role in the process of pollination and fruit
production in plants [4].

2. Materials and Methods

The experiment was carried out during 2019-2020 season, and the plants were grown in sandins (pots). The
experiment included studying the effect of spraying of vitamin B3 and glycine and their combination in
some growth factors of celery plant. This study aimed to resolve an important problem out of problems that
most plants suffer from it including celery plant, which is a lack or a decrease in growth indicators,
including slow growth and a decrease in the chemical characteristics represented by the important mineral
elements in the plant. Vitamin B3 was sprayed in three concentrations at (0, 75, 150) mg.L™, while the acid
was sprayed at (0, 50, 100) mg.L™* of concentration.

2.1 The experiment design

The experiment was designed according to the design of randomized complete block design (RCBD). The
parameters in the experiment 3*3 will be distributed in three replicates as one replicator included 9
experimental units, thus the total number of experimental units becomes 27 experimental units (number of
pots) and the capacity of each pot is 5 kg/soil. A soil sample was taken before cultivating for physical and
chemical analysis, as shown in Table (1).

Table (1): The physical and chemical properties of the experiment soil before cultivating.

Elements Value .
- — Unit
Soil texture Soil mixture
Sand 345
Soil separators Silt 430 gm.Kg* soil
Clay 220
pH 72 1 -
EC 3.10 Decisemans.m*
Nitrogen 40.17 mg.Kg soil
Phosphorous 12.90 mg.Kg soil
Potassium 203 mg.Kg soil

The neutral compound fertilizer NPK 20 = 20 = 20 was added to all the experimental units before
cultivating at a rate of 0.50 g/pot, then the seeds were cultivated on 16/9/2019 by three trenches and in each
pot and trench nine seeds were placed according to the experimental parameters, then they were reduced to
six seeds after Two weeks of cultivating, and all crop servicing operations were conducted, including
irrigation, hoeing and weeding whenever needed until the end of the experiment.

The plants were sprayed with the above concentrations; it was sprayed with the mentioned concentrations of
vitamin B3, whiles the control group was sprayed with distilled water only in the early morning on
9/12/2019. It was sprayed on the leaves of the plants when they became 3-4 leaves after 83 days of
cultivating date using hand sprinkler with a volume of (2) liters. Additionally, on 14/12/2019 in the early
morning, the plants were sprayed with the above mentioned concentrations of glycine while the control
group was sprayed with distilled water only. When the leaves became 3-4 leaves after 88 days of cultivating
time using hand sprinkler with a volume of (2) liter. The samples were collected shoot system of celery at
the rate of three plants from each experimental unit in order to study some of the growth factors and the
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chemical properties of the plant as follows:

1- Plant height (cm)

The plant height was measured of three plants from each experimental unit using a ruler.

2- Root length (cm)

The root length was measured of three plants collected randomly from each experimental unit from its
connection point with stem to the end of main root using a ruler.

3- Leaves number (plant™)

The number of leaves was calculated for three plants collected randomly from each experimental unit and
then the average number was calculated.

4- Estimation of Nitrogen percentage (%) in the root and shoot system

The ground dried samples were digested according to [7] method. The percentage of nitrogen in the root
and shoot system of celery was estimated using Kjeldahl method [11]. The percentage of nitrogen was
calculated using following equation:

Volume of consumed x acid normality x 14 x dilution factor
N% = ¥100
Volume of sample taken upon distillation x weight of digested sample x 1000

5- Estimation of phosphorus percentage (%) in the root and system

Phosphorous percentage was estimated using the ammonium molybdate method according to [16] method
and using UV-Visible Spectrophotometer AT 420 nm.

6- Estimation of magnesium percentage (%) in the root and shoot system

Magnesium percentage was estimated using atomic absorption spectrophotometer and according to [26]
method.

7- Estimation of iron percentage (%) in the root and shoot system

Iron percentage was determined using an Atomic absorption spectrophotometer and according to [2]
method.

8- Estimation total chlorophyll in the leaves (mg.g™)

The total chlorophyll content was determined according to the [6] method.

9- Estimation of protein percentage (%) in the root and shoot system

The percentage of protein in was estimated by multiplying the percentage of nitrogen by a constant factor
(6.25) according to [24] method.

Protein (%) = N% x 6.25
3. Results and Discussion

3.1 The plant height

As shown in (Table 2), The results showed that there is a significant effect of vitamin B3 spraying
treatments on celery plant height. The height average was revealed with Vitamin B3 spraying treatment at
75 mg.L™? of concentration achieved; it was 20.59 cm compared to the control treatment (spraying with
distilled water only) which was 16.94 cm. The reason for celery plant height after vitamin B3 spraying is
may due to the role of vitamin B3 in improving of growth characteristics, including plant height through its
participation into the formation of indole acetaldehyde, which is an intermediate compound of Auxin
generator (IAA) that important in elongating and increasing number of plant cells. Furthermore, it is also
considered as enzymatic cofactor in the metabolism process to release the energy required for many
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important and vital processes inside plant cells, which causes an increase and improvement in plant growth,
including plant height [36], [17].

Additionally, the reason may be attributed to the fact that nitrogen is one of vitamin B3 components, which
is importance in the biosysnthesis of proteins and nucleic acids that are included in the composition of the
organic bases Pyrimidines and Purines, which in turn are involved in the synthesis of growth hormones such
as cytokinin that has a role in encouraging the growth of vegetative buds [5] as well as increasing the
production of amino acids, including tryptophane, a major source of some hormones including auxin that
play an important role in hormonal balance and thus increases the size of the shoots, including plant height
[14]. Interestingly, the vitamin spraying on plants has a great importance in stimulating the growth of a
plant, especially plant height; it is known that nicotine amide (vitamin B3) is a growth-regulating agent that
affects many physiological processes such as the biosynthesis of enzymes [8].

The results of this study (Table 2) also found that Glycine spraying on the celery had a significant effect on
celery height average, so the treatment with 100 mg.L™ of glycine increased the celery height and the mean
was 20.41 cm compared to the control treatment (spraying plants with distilled water only) where the mean
was 16.64 cm. The reason for this may be due to the important amino acid role in increasing the activity of
the shoot system (plant height) as it is a good source of nitrogen that stimulates proteins biosynthesis and
auxins production and synthesis the nucleic acids RNA and DNA [23] by increasing the production of
essential amino acids such as tryptophan, which is the initiator of 1AA synthesis and also is important in
promoting cell elongation [27].

Moreover, It may also be due to the role of this acid in chlorophyll biosynthesis as an osmotic regulator of
guard cells, and this will effect on the opening of stomata [19], which leads to an increase in the efficiency
of the photosynthesis process and uses of its products in the processes of growth and formation of cells, as
well as glycine is an important nitrogen source in proteins and enzymes production which are necessary in
cells formation and thus increase the vegetative growth of the plant, especially plant height [17].

The effect of the overlap between the studied factors was significant on the plant height average (Table 2).
The treatment of Celery with vitamin B3 (75 mg.L™) and glycine (50 mg.L™) increased the plant height to
22.27 cm without significant difference from Plants sprayed with vitamin B3 at concentration of 75 mg.L™*
and 100 mg.L™ of glycine where the mean was 21.33 cm, while the height was 14.10 cm in control group.

Table (2): The effect of vitamin B3 and glycine spraying and their overlap on celery plant height (cm)

Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(mg.LY) 0 50 100
0 14.10 17.77 18.97 16.94
75 18.17 22.27 21.33 20.59
150 17.67 18.67 20.93 19.09
LSD (0.05) 1.39 0.81
Mean 16.64 19.57 20.41
LSD (0.05) 0.81

3.2 Root length
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The results revealed there was a significant effect of vitamin B3 spraying on celery root length, as the
spraying 150 mg.L™* of vitamin B3 increased the root length and the average was 9.51 cm compared to the
control group (spraying plants with distilled water only) and the average was 7.39 cm (Table 3). The reason
for the greater effect of vitamin B3 in root length is may be attributed to its role in improving of growth
characteristics via its participation in the formation of indole acetaldehyde, which is an intermediate
compound of auxin generator (IAA) that important in elongating of plant cells and increasing their number,
especially root cells [36], [17]. As the vitamin is of great importance in stimulating the growth of a plant,
especially the growth of the root system.

Additionally, as shown in (Table 3), the results found that the spraying celery plant with glycine at 100
mg.L ™ of concentration caused a significant effect on the average of root length; the average was 9.60 cm
compared to the control treatment (spraying plants with distilled water only) which the average was 7.21
cm. The reason for the effect of glycine on root length is may be due to the role of this amino acid in the
growth and formation of plant cells, especially root cells. Glycine has an important role in many vital
activities in the plant, and glycine is easily absorbed by the plant due to its low molecular weight.

The effect of the overlap between the two studied factors was significant on the average of celery root
length plant root length (Table 3), as the plants that were sprayed with a concentration of 150 mg.L™* of
vitamin B3 and 50 mg.L™ of glycine achieved the highest value of root length which was 10.65 cm,
although there is no significant difference was found in comparison to those sprayed with a concentration of
75 mg.L™ of vitamin B3 and 100 mg.L™ of glycine which was 10.45 cm, while the average in control group
was 5.35 cm.

Table (3): The effect of vitamin B3 and glycine spraying and their overlap on celery root length (cm)

Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(ma.LY) 0 50 100
0 5.35 8.06 8.77 7.39
75 8.00 8.59 10.45 9.01
150 8.29 10.65 9.59 9.51
LSD (0.05) 0.83 0.48
Mean 7.21 9.10 9.60
LSD (0.05) 0.48

3.3 Leaves number (leaf.plant™)

The results in (Table 4) found that there is a significant effect in number of leaves of celery plant after
spraying with vitamin B3 at 75 mg.L™; the average was 10.39 leaf.plant™ in comparison to average of
control group (spraying plants with distilled water only) which was 8.32 leaf.plant™. The reason for the
effect of vitamin B3 on leaves number is may be due to the role of vitamin B3 in improving growth
characteristics, including leaves number through its participation in the formation of indole acetaldehyde, an
intermediate compound of auxin generator (IAA); 1AA is important in the elongation of plant cells and
increase their number as well as considered as enzymatic cofactor in the metabolism process to release the
energy needed for many important and vital processes inside plant cells, which causes an increase and
improvement in plant growth, including an increase in leaves number [36], [17].
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Furthermore, the reason is may also be attributed to the fact that vitamin B3 is one of its components,
nitrogen, which is important in protein biosynthesis and nucleic acids that are included in the composition
of the organic bases Pyrimidines and Purines, which in turn are involved in the synthesis of growth
hormones such as cytokinin that has a role in encouraging the growth of vegetative buds [5]. As spraying
the vitamin on plants is of great importance in stimulating the plant growth, especially increasing in leaves
number. In addition, it is well known that nicotine amide (Vit. B3) is a growth-regulating agent that affects
many physiological processes such as the biosynthesis of enzymes [8].

Interestingly, as shown in (Table 4), the results revealed the spraying celery plant with glycine at 100 mg.L"
! of concentration caused a significant effect on the average number of celery leaves; the average was 10.50
leaf.plant™ as compared to control group (spraying plants with distilled water only) which the average was
8.16 leaf.plant™. The reason for the great effect of glycine is may be due to the role of this amino acid in
chlorophyll biosynthesis as an osmotic regulator of guard cells and this in turn on stomata opening [19] and
this cause an increasing in the efficiency of the photosynthesis process. Furthermore, photosynthesis
products can utilized in the growth and formation of plant cells; amino acids, including glycine, also are an
important nitrogen source in proteins and enzymes biosynthesis [17] that necessary in cells formation and
thus increasing the vegetative growth of the plant, especially the number of leaves.

The effect of overlap between the two studied factors was significant on the leaves number average (Table
4), as the plants that were sprayed with a concentration of 75 mg.L™ of vitamin B3 and 50 mg.L™ of glycine
achieved the highest value of combination which was 11.72 leaf.plant™; however no significant difference
was found in comparison to those sprayed with a concentration of 75 mg.L™ of vitamin B3 and 100 mg.L™*
of glycine which was 11.04 leaf.plant™. While the average in control group was 7.13 leaf.plant™.

Table (4): The effect of vitamin B3 and glycine spraying and their overlap on celery leaves number (leaf.

plant™)
Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(ma.LY) 0 50 100
0 7.13 11.8 9.72 8.32
75 8.31 11.72 11.04 10.39
150 9.06 9.57 10.74 9.79
LSD (0.05) 0.72 0.41
Mean 8.16 9.80 10.50
LSD (0.05) 0.41

3.4 Nitrogen percentage (%)

The results in (Table 5) showed that there is a significant effect of the treatment with vitamin B3 on the
nitrogen percentage of celery plant. The spray with a concentration of 150 mg.L™ increased the nitrogen
percentage which was 1.992% compared to the control treatment (Spraying plants with distilled water only)
which the percentage was 1.549%. The reason for the significant effect of vitamin B3 with a concentration
of 150 mg.L™ on nitrogen percentage is may be due to the fact that nitrogen is one of its components, [5]
and this leads to an increase in the percentage of nitrogen in the plant.

In addition, the reason is may be due to the role of vitamin B3 in increasing nitrogen content in plants [9].
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Moreover, the reason is may be due to the fact that spraying with vitamin B3 led to improved plant growth
through its role in increasing the activity of metabolic activities and vital processes within plant tissues such
as cell division, elongation and extension, including root cells, and this leads to an increase in the growth of
the root system, which led to an increase in the absorption of nutrients from the soil including nitrogen, and
then increasing the nitrogen percentage in the plant compared to the control group.

The results also (Table 5) observed that the spraying with glycine had a significant effect on the nitrogen
content average of celery plant, so the plants that 100 mg.L™ of concentration increased nitrogen percentage
where it was1.945% compared to the control group (spraying plants with distilled water only) and the
average was 1.586%.

The effect of the overlap between the two studied factors was significant on the average of nitrogen
percentage (Table 5), as the plants that were sprayed with a concentration of 150 mg.L™ of vitamin B3 and
50 mg.L™ of glycine achieved the highest value nitrogen content to 2.194% without significant difference
from Plants sprayed with a concentration of 75 mg.L™ and 100 mg.L™" of vitamin B3 and glycine
respectively which was 2.152%, in comparison to control group and the average was 1.292%.

Table (5): The effect of vitamin B3 and glycine spraying and their overlap on celery nitrogen percentage

(%)
Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(ma.LY) 0 50 100
0 1.292 1.647 1.708 1.549
75 1.659 1.770 2.152 1.861
150 1.807 2.194 1.975 1.992
LSD (0.05) 0.172 0.099
Mean 1.586 1.870 1.945
LSD (0.05)

3.5 Phosphorous percentage (%)

As shown (Table 6), the results found that there is a significant effect on phosphorous percentage in celery
plant after vitamin B3 spraying at 150 mg.L™ of concentration and the average was 0.411% compared to the
control group (Spraying plants with distilled water only) which was 0.295%. The reason for this effect of
vitamin B3 with a concentration of 150 mg.L™ in phosphorus percentage is may be due to improvement of
plant growth through its role in increasing the activity of metabolic activities and vital processes within
plant tissues such as cell division, elongation and expansion, including root cells, and this leads to increase
the growth of the root system, which led to an increase in the absorption of nutrients from the soil, including
phosphorus, and then an increase in the phosphorus percentage in the plant compared to the control
treatment.

Moreover, the results in (Table 6) found that the spraying with of celery with glycine at 100 mg.L™* had a
significant effect on the average phosphorous percentage in celery plants; it was 0.396% compared to the
control group (spraying plants with distilled water only) which the percentage was 0.322%. The reason for
this effect is may be due to the fact that spraying with glycine has improved plant growth via its role in
increasing the activity of metabolic activities and vital processes within plant tissues such as cell division,
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elongation and expansion, including root cells, and this leads to an increase in the growth of the root
system, and increase in the absorption of nutrients from the soil including phosphorus which lead to
augment phosphorus percentage in the plant compared to the control treatment.

The effect of the overlap between the two studied factors was significant on average of phosphorus (Table
6), as the plants sprayed with a concentration of 150 mg.L™* of vitamin B3 and 50 mg a liter-1 of the amino
acid clycin achieved the highest value of the interaction amounted to 0.451% without significant difference
from Plants sprayed with a concentration of 75 and 100 mg.L™ of vitamin B3 and glycine respectively, the
average was 0.442%, while it was 0.248% in control group.

Table (6): The effect of vitamin B3 and glycine spraying and their overlap on celery phosphorous
percentage (%)

Vit. B3 Glycine concentration (mg.L™)
concentration Mean
(mg.LY) 0 50 100
0 0.248 0.293 0.345 0.295
75 0.338 0.360 0.442 0.380
150 0.380 0.451 0.402 0.411
LSD (0.05) 0.036 0.021
Mean 0.322 0.368 0.396
LSD (0.05) 0.021

3.6 Magnesium percentage (%)

The results in (Table 7) found that there is a significant effect in magnesium percentage after spraying with
vitamin B3 at concentration of 150 mg.L™ and the average was 0.630% compared to the control group
(Spraying plants with distilled water only) which was 0.489%. The reason for the significant effect of
vitamin B3 at 150 mg.L™ in magnesium percentage is may be attributed to its role in increasing the activity
of metabolic activities and vital processes within plant tissues such as cell division, elongation and
expansion, including root cells, and this leads To increase the growth of the root system, which led to an
increase in the absorption of nutrients from the soil, including magnesium, and then an increase in
magnesium percentage in the plant compared to the control treatment.

In addition, the results also showed in (Table 7) that the treatment of spraying with glycine at 100 mg.L™ of
concentration had a significant effect on magnesium percentage average in celery plants; the average was
0.606% compared to the control group (spraying plants with distilled water only) which the average was
0.514%. The reason for this effect is may be due to the fact that spraying with glycine led to improved plant
growth through its role in increasing the activity of metabolic activities and vital processes within plant
tissues such as cell division, elongation and extension, including root cells, and this leads to increased
growth of the root system, which led to an increase in the absorption of nutrients from the soil, including
magnesium, and then an increase in the magnesium percentage in the plant compared to the control
treatment.

The effect of the overlap between the two studied factors was significant on magnesium percentage (Table
7), as the plants that were sprayed with a concentration of 150 mg.L™? of vitamin B3 and 50 mg.L* of
glycine achieved the highest value of magnesium ratio to 0.682%, although there is no significant difference
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was found in comparison to those sprayed with a concentration of 75 mg.L™ of vitamin B3 and 100 mg.L™*
of glycine which was 0.640%, while it was 0.424% in control group.

Table (7): The effect of vitamin B3 and glycine spraying and their overlap on celery magnesium percentage

(%)
Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(mg.LY) 0 50 100
0 0.424 0.482 0.562 0.489
75 0.526 0.578 0.640 0.582
150 0.592 0.682 0.615 0.630
LSD (0.05) 0.054 0.031
Mean 0.514 0.581 0.606
LSD (0.05)

3.7 Iron percentage (%)

As shown in (Table 8), the results revealed that there is a significant effect on Iron percentage in celery
plant after spraying with vitamin B3 at 150 mg.L™; the average was 0.145% compared to control group
(spraying plants with distilled water only) which the average was 0.119%. The reason for this effect is may
be attributed to the fact that spraying with vitamin caused an improvement in plant growth through its role
in increasing the activity of metabolic activities and vital processes within plant tissues such as cell division,
elongation and expansion, including root cells, and this leads to an increase in root system growth, which
led to an increase in the absorption of nutrients from the soil including iron and then increased its content in
the plant compared to the control treatment.

Moreover, the results also (Table 8) found that spraying celery plant with glycine at 100 mg.L™ caused a
significant effect on the iron average, and the average was 0.144% compared to the control group (spraying
plants with distilled water only) which the average was 0.114%. The reason for this effect is may be due to
the fact that spraying with glycine improved plant growth through its role in increasing the activity of
metabolic activities and vital processes within plant tissues such as cell division, elongation and extension,
including root cells, and this leads to an increase in the root system growth, which led to an increase in the
absorption of nutrients from the soil including iron and then increase the percentage of iron in the plant
compared to the control treatment.

The effect of the overlap between the two studied factors was significant on the iron average iron (Table 8),
as the plants sprayed with a concentration of 150 mg.L™ of vitamin B3 and 50 mg.L™ of glycine achieved

the highest value of iron percentage with 0.163%, while the average in control group was 0.092%.

Table (8): The effect of vitamin B3 and glycine spraying and their overlap on celery iron percentage (%)

Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(mg.L) 0 50 100
0 0.092 0.128 0.137 0.119
75 0.127 0.135 0.144 0.135
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150 0.123 0.163 0.150 0.145
LSD (0.05) 0.011 0.006
Mean 0.114 0.142 0.144
LSD (0.05) 0.006

3.8 Chlorophyll content in leaves (mg.g?)

The results in (Table 9) revealed that there is a significant effect of vitamin B3 spraying at concentration
150 mg.L™ on the average of chlorophyll content in celery leaves; the average was 742 mg.g” in
comparison to the average of control group (spraying plants with distilled water only) which was 547 mg.g°
!, The reason for this effect on chlorophyll content is may be due to the fact that spraying with vitamin B3
led to the improvement of plant growth via its role in increasing the activity of metabolic activities and vital
processes within plant tissues such as cell division, elongation and expansion, including root cells, and this
leads to an increase in the root system growth, which led to an increase in the absorption of nutrients from
the soil including nitrogen, magnesium and iron, resulting in an increase in the chlorophyll content of leaves
by increasing the elements of great importance in the composition of chlorophyll, including nitrogen (Table
5), magnesium (Table 7) and iron (Table 8), whereas, nitrogen is one of Pyroferin ring component, which is
one of the important compounds in formation of chlorophyll molecule [12]. In addition, it is may also be
attributed to the fact that vitamin B3 is one of its components, nitrogen, which is of great importance in the
synthesis and formation of the chlorophyll molecule.

The results as shown in (Table 9) found that the spraying with glycine at 100 mg.L™ had a significant effect
on chlorophyll content average of the leaves in celery plant; the average was 705 mg.g™ compared to the
control group (spraying plants with distilled water only) which was 575 mg.g™. The reason for this is may
be attributed to the role of the amino acid that activates chlorophyll formation [10]. Furthermore, it may
also be due to the fact that amino acid is a good source of nitrogen, which is an important element in
formation of the chlorophyll molecule. It may also be due to the role of this acid in chlorophyll formation as
an osmotic regulator of guard cells and effect on the stomata opening [19] this leads to an increase in the
efficiency of the photosynthesis process and using of its products in the processes of formation and growth
of the cells [17].

In addition, the reason for the great effect of glycine is may be due to the fact that spraying with this amino
acid improved plant growth through its role in increasing the activity of metabolic activities and vital
processes within plant tissues such as cell division, elongation and extension, including root cells, and this
leads to an increase in the growth of the root system, which led to an increase in absorption of nutrients
from the soil, including nitrogen, magnesium and iron, and this led to an increase in the chlorophyll content
of the leaves by increasing the elements that important in the composition of chlorophyll, including nitrogen
(Table 5), magnesium (Table 7) and iron (Table 8).

The effect of the overlap between the studied factors was significant in the average of chlorophyll content in
leaves (Table 9), as the plants that were sprayed with a concentration of 150 mg.L™ of vitamin B3 and 50
mg.L™* of glycine achieved the highest value of interaction with average by 815 mg.g™* Without significant
difference from the plants that were sprayed with a concentration of 75 mg.L™ of vitamin B3 and 100 mg.L"
! of glycine and the average was 757 mg.g™, while the average in control group was 437 mg.g™.

Table (9): The effect of vitamin B3 and glycine spraying and their overlap on leaves chlorophyll content
(mg.g™)
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Vit. B3 Glycine concentration (mg.L™?)
concentration Mean
(mg.LY) 0 50 100
0 0.437 0.568 0.637 0.547
75 0.599 0.685 0.757 0.680
150 0.690 0.815 0.721 0.742
LSD (0.05) 0.074 0.043
Mean 0.575 689.0 0.705
LSD (0.05) 0.043

3.9 Protein percentage (%)

The results that shown in (Table 10) found that there is a significant effect of the protein content of the
celery plant after spraying with vitamin B3 at concentration of 150 mg.L™?; the average was 12.45%
compared to the average of control group (spraying plants with distilled water only) which was of 9.68%.
The reason for this effect on protein percentage is may be due to the fact that nitrogen is one of vitamin B3
composition [5] and this leads to an increase in the percentage of protein in the plant because nitrogen is
one of the most important elements in biosynthesis of amino acids and thus leads to an increase in the
percentage of protein in the plant. Moreover, it is may be attributed to the role of vitamin B3 in increasing
nitrogen percentage in the plant [9], thus leading to an increase in the protein content in the plant.
Furthermore, This is may be also due to its superiority in the chlorophyll content of leaves resulting in an
increase in the efficiency of the photosynthesis process and thus leads to an increase in the formation of
proteins and its content in the plant. The reason is may also to its role in increasing the activity of metabolic
activities and vital processes within plant tissues such as cell division, elongation and extension, including
root cells, and this leads to an increase in the growth of the root system, which led to an increase in the
absorption of nutrients from the soil, including nitrogen and phosphorus (Table 5 and 6), which are
considered the most important elements in amino acids biosynthesis, and this leads to an increase in the
protein content of the plant.

Interestingly, the results in (Table 10) fond that the spraying celery with glycine at 100 mg.L™* of
concentration caused a significant effect on protein content average; the average was 12.16% compared to
the control group (spraying plants with distilled water only) which was 9.91%. The reason for this effect of
glycine is may be due to the fact that glycine is an important nitrogen source in proteins biosynthesis [17]
and this led to an increase in the protein content in the plant, as well as may be due to the fact that the
spraying with amino acid led to improving plant growth through its role in increasing the activity of
metabolic activities and vital processes within plant tissues such as cell division, elongation and expansion,
including root cells, and this leads to an increase in the growth of root system causing an increase in the
absorption of nutrients from the soil, including nitrogen and phosphorous (Table 5 and 6), which are
considered among the most important elements in amino acids synthesis, resulting in an increase in the
percentage of protein content in the plant.

The effect of the overlap between the two studied factors was significant on the protein percentage (Table
10), as the plants sprayed with a concentration of 150 mg.L™ of vitamin B3 and 50 mg.L™ of glycine
achieved the highest value which was 13.71%, however there is no significant difference from plants
sprayed with a concentration of 75 mg.L™ of vitamin B3 and 100 mg.L™? of glycine 13.45%, while the
average in control treatment was the lowest average by 8.07%.
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Table (10): The effect of vitamin B3 and glycine spraying and their overlap in protein percentage (%).

Vit. B3 Glycine concentration (mg.L™)
concentration Mean
(mg.LY) 0 50 100
0 8.07 10.29 10.68 9.68
75 10.37 11.06 13.45 11.63
150 11.29 13.71 12.34 12.45
LSD (0.05) 1.07 0.62
Mean 9.91 11.69 12.16
LSD (0.05) 0.62
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