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ABSTRACT

This study was aimed to investigate effect of some growth traits for two varieties of maize (Zea mays
L.) to spraying vitamin B9 (folic acid), vitamin E (tocopherol), and arginine acid. A field experiment
was conducted at the Agricultural Research Station, College of Agricultural Engineering Sciences -
University of Baghdad, during the fall seasons of 2021 and 2022. Randomized complete block design
(RCBD) within split plot arrangement with three replicates was used. The experiment included two
factors, the first factor within the main plots represented two varieties of maize (Baghdad 3 and
Sarah), while the second factor in the sub-plot represented spraying with vitamin E and B9 at
concentrations of 1and 2 g L™ and arginine acid at concentrations of 100 and 200 mg L™, in addition to
the control treatment (without spraying). The results showed that Sarah variety out performed in most
studied traits for both seasons (75% silking , number of days from sowing to physiological maturity,
dry weight, plant growth rate . physiological maturity, and leaves chlorophyll content.The growth
characteristics were affected by spraying vitamin E, as the concentration exceeded 2 g L™ in most
traits, as the highest means were gave for 75% of silking (61.33 and 63.67 day), dry weight (387 and
425.3 g plant™),and plant growth rate at physiological maturity (3.66 and 3.95 g plant™ day™) Leaf
chlorophyll content (42.98 and 42.84 mg g™ fresh weight) for both seasons.
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INTRODUCTION

Maize (Zea mays L.) is one of the most
important strategic and economic crops in the
world, ranking third in importance after wheat
and rice. The rate of production of this crop in
Iraq is still low and below the required level
compared to global production (10, 11), as it
did not exceed 4,054 tons per hectare, despite
the increases in its cultivated area to 1,013,50
thousand hectares during 2020 (15) Maize is
grown in Irag during two seasons:, the fall
season, which is more suitable climate
conditions for maize (9, 12) , and the spring
season, which is grown in a few hectares (8,
4). Plants of this crop, which were cultivated
beginning the fall season, are exposed to high
temperatures during vegetative stage, which
leads to an increases in Reactive Oxygen
Species (ROS) levels. These ROS are naturally
produced by plants during biological
processes, and increases as plant exposure to
stresses, such as high temperatures. Studies
were indicated that the use of vitamins,
including B9 (folic acid) and vitamin E
(tocopherol), protects the plant from the risk of
oxidation (3, 5, 6). Vitamin B9 plays an
important role in amino acid metabolism,
nucleic acid formation, and holding of free
radicals that are produced in the plant when
exposed to stress, in addition to its other roles,
such as cell division and elongation (16).
Vitamin E plays an important role in
protecting the green plastid membranes from
photo damage, thus providing optimal
conditions for the carbon assimilation process,
(14). Amino acids also play an important role
in plant productivity, tolerance contrasting
conditions such as salinity, drought, and high
temperature, including arginine as it
contributes to reducing it through its different
physiological effectiveness by changing the
osmotic potential of the plant tissue. It also
reduced significantly injuries resulting from
vital stresses . It contributes to stimulating
physiological processes as well as its role in
cells division and the production of some
natural growth hormones, (13). Crop
management greatly affects the increases in
production. One of the means of management
is the use of good varieties with a high ability
to exploit the available growth resources.
Knowing the performance and response of

91

each variety to growth factors and modern
field practices is one of the important things to
increase  production This study was
conducted to investigate effect of spraying
with vitamin B9,E and amino acid arginine of
some growth characters for two varieties of
maize.

MATERIALS AND METHODS

A field experiment was carried out at the field
of the College of Agricultural Engineering
Sciences , University of Baghdad , Al-Jadriyah
during fall seasons of 2021 and 2022. to study
the response of some growth traits for two
maize varieties to spraying with vitamins and
amino acids. The research field prepared as
recommended then was divided into three
replicates, each consisting of 42 experimental
units (3x2m). Each experimental unit included
5 rows, with 2m long, and 75cm between the
rows, and 25cm within the rows, to obtain a
plant density of 53,333 plants ha®. The
experiment was applied according to the
Randomized Complete Block Design (RCBD)
within split plot arrangement with three
replicates. The experiment included two
varieties of maize Baghdad 3 and Sarah in the
main plot, and spraying vitamin E and B9 at
concentrations 1 and 2 g L™, labeled as E1, E2,
and spraying of arginine at concentrations of
100 and 200 mg L™ labeled as Al and A2,
respectively, in addition to the control without
spraying in sub-plot. The vitamins and amino
acids were sprayed in three stages 6 fully
expanded leaves (emergence of the apical
meristem above the soil surface) and 8 fully
expanded leaves (rapid plant growth and leaf
formation), and 10 fully expanded leaves (the
beginning of tasseling and rapid growth of
reproductive organs) ( 75% of the plants in the
experimental unit), (19). As a preventive
measure, corn stem borer was controlled by
placing a small amount of granular diazinon
insecticide (10% active ingredient) in the heart
of the plant at a rate of 6 kg ha™ at the stage of
6 and 8 leaves. The sowing date was
6/8/2021for the first season and 2/8/2022at the
second season. Urea (N%46) was added at a
rate of 400 kg ha™ in two doses, the first after
twenty days after emergence, and the second
after one month of first dose, (28). Crop
service operations were carried out whenever
needed.
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Studied traits

1. Number of days from planting to 75%
silking (day).

2. The number of days from silking
physiological maturity (day).

3. The number of days from planting until
physiological maturity (day).

4. Dry weight (g plant™).

5. Plant growth rate at physiological
maturity (g plant™ day™).

6. Leaf chlorophyll content (mg. g™ fresh
weight leaf): - The total chlorophyll was
estimated by Goodwin (22) method, by taking
1 g of fresh yellow corn leaves and they were
cut into small pieces and ground in a ceramic
mortar with the addition of 20 ml acetone
(80%) to extract the dye and left it for a whole
day in the refrigerator, then completed the
volume to 50 ml of distilled water, then placed
in the centrifuge for 5 minutes at a speed of
1000 revolutions per minute, after that the
liquid was taken and the reading was taken in
the spectrophotometer at wavelengths (633,
645 nm) and it was done Estimate chlorophyll
by the following equation:

Total chlorophyll (mg.g* fresh weight) =
(D663 x 8.02 - D645 x 20.2) x W x 1000/ V
Note that:

D = Optical Density

D663 = optical density for wavelength 663
nm.

D 645 = optical density for wavelength 645
nm.

V = final volume of extract (50 mL)

to

W = weight of the tissue paper (19)

RESULTS AND DISCUSSION

Number of days from planting to 75%
silking: Table 1 indicates significant effects of
varieties and spraying with vitamins and the
amino acid arginine on the number of days
from sowing to 75% silking, while the
interaction did not significant effect on this
trait and for the two seasons, respectively. and
64.57 day, while the Baghdad3 variety needed
a longer period to reach this stage, reaching
63.48 and 65.95 day for the two seasons,
respectively. Perhaps the reason for this is due
to the differences between these two varieties
in the period of their reaching 75% anthesis
(non-visible data) (the appearance of female
inflorescences between 3-7 days after the
emergence of male inflorescences) and the
reason could be due to the difference in the
genotypes of yellow corn in the period of its
reaching 75% silking, and this is consistent
with what was indicated by Dhannoon et al
(17), Okab and Abed (27) , Abdulla et al (2),
and data shows in the same Table indicates
that the spraying treatment with vitamin E at a
concentration of 2 g L™ produced the shortest
time to reach this stage with mean 61.33 and
63.67 days for the both seasons, respectively,
while the longest time was gave when
spraying treatment B2 with a concentration of
2 g L™ in the first season and E1 with 1 g L™ in
the second season gave 64.17 and 67.00 day
for the both seasons, respectively.

Table 1. Effect of varieties and vitamin B9, E, amino acid arginine, and their interaction in
mean the number of days to 75% silking (day) for the fall seasons of 2021 and 2022

Growing Vitamin B9 , E and the amino acid arginine (g L™, mg L™) Means
season Varieties ~ CO Ao Ao B, B, E E,
Fall Sarah 62.33 62.67 62.33 61.67 63.67 61.67 60.33 62.10
2021 Baghdad 3 64.33 63.67 64.33 6267 6467 62.33 62.33 63.48
Means 63.33 63.17 63.33 62.17 64.17 62.00 61.33
L.S.D g5 Varieties= 0.73 Spray treatment= 0.96 Interaction=N.S
Vitamin B9, E and the amino acid arginine (g L™, mg L™)
Growing o Means
season Varieties Co Ao Ao B, B, E; E,
Fall Sarah 64.00 65.33 64.00 63.33 66.33 66.00 63.00 64.57
2022 paghdad3 66.33 6500 66.00 6467 67.33 6800 6433 6595
Means 65.17 65.17 65.00 64.00 66.83 67.00 63.67
L.S.D g5 Varieties = 1.34 Spray treatments =0.98 Interaction =N.S
Number of days from silking to varieties on the characteristic of the number of
physiological maturity (day): Table 2 days from silking to physiological maturity in

indicates that there is no significant effects of
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the both seasons, while this characteristic was
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affected by the concentrations of vitamins and
amino acid sprays, as well as the interaction
between the two factors and the both seasons,
the concentration gave 2 g L™ of vitamin B9
for the shortest period. It took 38.50 and 31.50
days to reach this stage in the first season and
the concentration of 100 mg L™ of the amino
acid arginine in the second season,
respectively. with mean 41.83 and 42.33 days
for the both seasons, respectively. Perhaps this
is due to the positive effect of folic acid and its
important role in the biochemical and

physiological processes taking place in the
plant (21). From the data of the same table,
shows that the behavior of the Sarah variety
when spraying the amino acid, vitamin E and
B9 was asymptotic to the behavior of the
Baghdad 3 variety, as spraying the amino acids
A2, B2, and E2 at concentrations of 200 mg
and 2 g of these materials reduced the number
of days to reach this stage compared to the
concentrations of 100 mg and 1 g, and
compared to the control treatment and for the
both seasons, respectively.

Table 2. Effect of varieties and vitamin B9, E, amino acid arginine, and their interaction in
mean the number of days from silking to physiological maturity (day) for the fall seasons of
2021 and 2022

Growing Vitamin B9 , E and the amino acid arginine (g L™, mg L™)
season . Means
Varieties Co Ao Asgo B, B, E; E,
Fall 2021 Sarah 42.33 40.67 39.00 40.00 38.33 41.00 40.67 40.29
a
Baghdad 41.00 43.00 39.00 40.33 38.67 41.67 38.00 40.24
Means 41.67 41.83 39.00 40.17 38.50 41.33 39.33 41.67
L.S.Dyos Varieties=N.S Spray treatments= 1.23 Interaction=1.62
Vitamin B9, E and the amino acid arginine (g L™, mg L™)
Crowing  yjarieties co A A B B E E Means
season 100 200 1 2 1 2
Fall Sarah 41.67 41.67 31.33 41.33 32.00 41.33 33.33 37.52
2022 Baghdad 36.33 43.00 31.67 41.33 33.33 41.00 35.33 37.43
Means 39.00 42.33 31.50 41.33 32.67 41.17 34.33
L.S.Dyos Varieties= N.S Spray treatments =2.16 Interaction= 2.88

Number of days from planting until
physiological maturity: Results in Table 3
show a significant effects of varieties and
spraying with vitamins and amino acids in this
trait for both seasons, and the effect of
interaction between the two factors in this trait
in the second season only. The Table shows
that Sarah variety needed fewer days to reach
physiological maturity, with means of 105.95
and 106.76 days for the both seasons, while
the Baghdad 3 variety needed 3 more days to
reach physiological maturity, amounting to
107.10 and 108.38 days, with a differences of
1.15 and 1.62 days from Sarah variety for the
both seasons respectively , and this could be
due to that Sarah variety took fewer days to
reach 75% anthesis and silking , while the
Baghdad variety took 3 longer days to reach
the two stages (non-visible data for anthesis
(Table 1), which led to early maturation of
plants of Sarah variety physiologically. The
same Table shows a significant effects of
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spray concentrations with vitamins and amino
acid, as the treatment of spraying vitamin E
with a concentration of 2g L™ had shortest
time to reach this characteristic in the first
season, while treatment (A2) 200 g L™ of the
amino acid arginine gave in the first season
The second is the lowest number of days,
which amounted to 105.50 and 106.83 days,
respectively, while the longest period to reach
this stage had in the comparison treatment,
with means of 108.17 and 108.50 days for both
seasons, respectively. Perhaps the reason for
that vitamin E at 2 g L™ did not differed
significantly from the treatment. Spraying with
vitamin B9 at 2 g L™ which excelled in
reducing the number of days to silking, that is,
the concentration of 2 g of vitamin E had
fewer days to reach silking compared to other
treatments, and did not different significantly
from some treatments such as (A2) as well as
the role of the amino acid in most processes
Physiological and biochemical factors in plant
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growth and development (23). The interaction
did not significant between the two factors.
From the data of the same Table shows that
despite the similarity of the behavior of the
trait in the both varieties under the influence of
spraying with vitamins and amino acids in
terms of reducing the number of days to
physiological maturity by increasing the

concentrations of spraying these substances,
the amount of difference in the number of days
for this trait between the both varieties gave
1.67, 2.1, 2.2, and 2.32 days when spraying
amino acid, vitamin B9, and vitamin E at
concentrations of 100, 200 mg, and 1 and 2 g,
respectively.

Table 3. Effect of varieties and vitamin B9, E, amino acid arginine, and their interaction in
mean the number of days from planting until physiological maturity (day)for the fall seasons
of 2021 and 2022.

Growing Vitamin B9 , E and the amino acid arginine (g L™, mg L™)

Season  varieties  CO  Awo  Auo B, B, E, E, Means
Fall Sarah 107.67 106.00 105.67 106.67 105.33 105.33 105.00 105.95
2021 Baghdad 108.67 107.00 106.33 106.67 107.00 108.00 106.00 107.10

Means 108.17 106.50 106.00 106.67 106.17 106.67 105.50
L.S.Dygs Varieties= 0.35 Spray treatments= 1.30 Interaction=N.S
Srou Vitamin B9 , E and the amino acid arginine (g L™, mg L™) Means
seg‘;"o'gg Varieties  CO Ay Aup B, B, E E,
Fall Sarah 108.33 106.66 106.33 106.66 106.33 106.66 106.33 106.76
2022 Baghdad 108.66 108.33 107.33 108.66 108.33 108.66 108.66 108.38
Means 108,50 107.50 106.83 107.66 107.33 107.66 107.50
L.S.Dqgs Varieties =1.02 Spray treatments =0.60 Interaction=0.95

Dry weight (g plant™): Data in Table 4 shows
a significant effect of varieties and spraying
with vitamins and the amino acid arginine, and
the interaction between the two factors in the
dry weight of the plant for the both seasons.
Sarah variety produced highest means of this
trait amounted to 368.67 and 401.43 g plant™
for the both seasons, respectively . and the
reason for this could be due to that Sarah
variety had the highest plant height, leaf area,
and the most number of leaves (non-visible
data), which was reflected to increases in the
dry weight of the plant, The same Table
indicates that this characteristic ~ was
significantly affected by spraying with
vitamins and amino acid, as the treatment E2
had the highest concentration of 2 g L™ with
mean 387 and 425.33 g plant™ for the both
seasons, respectively while the control
treatment gave the lowest means of 316.50
and 339.83 g plant™ for the both seasons, and
the concentrations of B1 and B2 did not
differed between them and did not differed
from vitamin E with a concentration of 1 g L™
in the first season, while these treatments
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differed with respect to among them in the
second season, and the reason could be due to
the role of vitamin E in increasing the plant
height, number of leaves and leaf area (non-
visible data), which led to an increases in the
dry weight of the plant. These results
agreement with the results of Zeboon and
Baqgir (29), they indicated that the dry weight
of plants increased by the effect of spraying
with vitamin E. As for the interaction between
the two factors, it was significant in this trait.
The same Table, although shows that both
varieties had similar behavior when spraying
with vitamins and the amino acid arginine
compared to the comparison treatment, and
when the concentration of the amino acid
arginine was increased from 100 to 200 mg L™
and vitamin E from 1 to 2 g L™ for both
seasons, however, they differed in the
increases in this trait, as Sarah variety had the
highest dry weight under the influence of
spraying all these materials in the first season.
As for the second season, this trait decreased
in Sarah variety when spraying vitamin B9
increased from1to2gL™.
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Table 4. Effect of varieties and vitamin B9, E, amino acid arginine, and their interaction in
dry weight (g plant ™ )for the fall seasons of 2021 and 2022

. Vitamin B9, E and the amino acid arginine (g L™, mg L™)
Growing Means
season Varieties Co Ao Ao B, B, = E,
Fall 2021 Sarah 328.33 362.33 384.33 364.67 372.67 369.67 398.67 368.67
a
Baghdad 304.67 338.33 36533 360.33 364.33  359.33 375.33 352.52
Means 31650 350.33 374.83 362.50 368.50 364.50 387.00
L.S.Dggs Varieties=7.45 Spray treatments= 6.88 Interaction=9.68
Vitamin B9, E and the amino acid arginine (g L™, mg L™)
Crowing \/orieties co A A B B E E Means
season 100 200 1 2 1 2
Fall Sarah 343.33 41433 422.33 418.67 392.33 376.67 442.33 401.43
2022 Baghdad 336.33 384.33 403.67 373.33 381.67 368.33 408.33 379.43
Means 339.83 399.33 413.00 396.00 387.00 372.50 425.33
L.S.Dgos Varieties=2.81 Spray treatments =5.70 Interaction=7.57

Plant growth rate at physiological maturity
(g plant™ day™): Results in theTable 5 indicat
significant differences between the varieties
and between the spray concentrations of
vitamins and the amino acid arginine, as well
as the interaction between the two factors in
the characteristic of plant growth rate. As the
Table shows that the maximum mean plant
growth rate gave in Sarah variety was 3.48 and
3.76 g plant? day’ for the both seasons,
respectively. The reason for the superiority of
Sarah variety in this characteristic could be
due to its superiority in dry weight compared
to Baghdad3 variety (Table 4) and reached this
stage (physiological maturity) in fewer days
compared to Baghdad3 variety (Table 3),
which led to an increases in its growth rate at

this stage. This is consistent with what was
indicated by Abdel-Azim (1) and Al-Tamimi
(7), they concluded that there were a
significant differences between the varieties in
the characteristic of the plant growth rate. The
same Table indicates that this trait was
significantly affected by spraying with
vitamins and the amino acid arginine, as the
spraying treatment E (2 g L™) gave the highest
mean of 3.48 and 3.76 g plant™ day™ for the
both seasons, respectively . while the
comparison treatment recorded the lowest. the
mean for this trait was 2.92 and 3.13 g plant™
day® for the both seasons, and all spray
treatments were superior to the comparison
treatment, in addition to the differences
between the treatments.

Table 5. Effect of varieties and vitamin B9, E and amino acid arginine, and their interaction
in plant growth rate at physiological maturity (g plant™ day™) for the fall seasons of 2021 and

2022
Growing Vitamin B9, E and the amino acid arginine (g L™, mg L™) Means
season Varieties Co Ao Asoo B, B, E, E,
Fall Sarah 3.04 3.41 3.63 341 3.53 3.50 3.79 3.48
2021 Baghdad 2.80 3.16 3.43 3.37 3.40 3.32 3.54 3.29
Means 2.92 3.29 3.53 3.39 3.47 3.41 3.66
L.S.D g5 Varieties = 0.07 Spray treatments= 0.05 Interaction=0.08
Vitamin B9, E and the amino acid arginine (g L™, mg L™)
Crowing \/arieties co A A B B E E Means
season 100 200 1 2 1 2
Fall Sarah 3.16 3.88 3.97 3.92 3.68 3.53 4.15 3.76
2022 Baghdad 3.09 3.54 3.76 3.44 3.52 3.38 3.75 3.50
Means 3.13 3.71 3.86 3.68 3.60 3.46 3.95
L.S.D g5 Varieties = 0.04 Spray treatments =0.05 Interaction =0.07
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Leaf chlorophyll content (mg. g* fresh
weight): The data in Table 6 indicates that
there was a significant effects of varieties and
spraying with vitamins and the amino acid on
the leaf chlorophyll content for the both
seasons, and the effect of the interaction
between the two factors was significant in the
second season. As the Table shows that the
leaves of Sarah variety gave the highest
content of total chlorophyll, amounting to
40.85 and 42.04 mg. g™ fresh weight , for the
both seasons, respectively. Perhaps the reason
is due to the genetically different varieties in
this trait, and these results are consistent with
Obeid (26) and Kadhim and Hamza (24). This
indicates significant differences between the
varieties in the characteristic of chlorophyll
content in the leaves, the same Table shows
the spray treatment E2 (2 g L™) produced the
highest mean for this characteristic amounting
to 42.98 mg g* fresh weight for the first
season, while the spray treatment A200 (200
mg L) produced highest mean for the second
season was 43.30 mg g' fresh weight, an
increase percentage of 18.59% and 17.59%
over the comparison treatment respectively,
and the treatments A2 and E2 did not differed
significantly between them in the second

season. while the comparison treatment gave
the lowest mean for this characteristic, which
amounted to 36.24 and 36.82 mg. g* fresh
weight , and all spraying treatments excelled
over the comparison treatment for the two
seasons in succession. Perhaps the reason for
this is due to the role of vitamin E in
protecting the chloroplast membranes from
photo oxidation and thus provides optimal
conditions for the process of assimilation (14)
and the role of the amino acid arginine in cell
division and the formation of chlorophyll (23)
and this agrees with the findings of Marzauk
and others (25) and Elewi and Zeboon (18)
and El_ Tohamy et al (18) they found that the
data of the same Table, the response of the two
varieties to spraying with vitamins and the
amino acid arginine was similar in terms of
increasing the chlorophyll content in the leaves
by increasing the concentrations of spraying
these substances compared to the comparison
treatment. It achieved the highest average of
4521 mg. g fresh weight , while the lowest
chlorophyll content was recorded in Baghdad
3 variety when these materials were not
sprayed (control), with mean of 35.18 mg. g*
fresh weight .

Table 6. Effect of varieties and vitamin B9, E and amino acid arginine, and their interaction
in The chlorophyll content of the leaves (mg. g™ fresh weight) for the fall seasons of 2021 and

2022
Growing Vitamin B9, E and the amino acid arginine (g L™, mg L™) Means
S6aON  varieties 0 A A B, B, E. E,
Fall Sarah 37.57 39.24 42.40 40.14 41.46 41.01 44.11 40.85
2021 Baghdad 34.92 37.85 40.06 38.57 40.14 37.92 41.85 38.76
Means 36.24 38.55 41.23 39.36 40.80 39.47 42.98
L.S.D g5 Varieties= 0.56 Spray treatments= 0.85 Interaction=N.S
Vitamin B9, E and the amino acid arginine (g L™, mg L™)
Crowing  /arieties co A A B B E E Means
season 100 200 1 2 1 2
Fall Sarah 3847 4115 4521 4089 4287 4217 4355 4204
2022
Baghdad 3518 3879 4138 39.69 4119  38.07 4212 39.49
Means 3682 3997 4330 4029 4203  40.12 42.04
L.S.D g5 Varieties = 0.39 Spray treatments =0.69 Interaction =1.27
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