Iraqgi Journal of Agricultural Sciences —2023:54(5):1398- 1406 Ali & Majeed

EFFECT OF ASCORBIC ACID AND CALCIUM FOLIAR APPLICATION
ON GROWTH, YIELD AND MARKETABILITY OF BROCCOLI
S. M. Ali B. H. Majeed
Researcher Prof.
Dept. of Hortic and landscape Design-Coll. of Agric. Eng. Sci. University of Baghdad
Sawsan.mahmoudl1205a@coagri.uobaghdad.edu.iq

ABSTRACT

The experiments were carried out at the College of Agricultural Engineering Sciences -
University of Baghdad during the fall season of 2021-2020 to study the effect of foliar
application of ascorbic acid (0, 25, 50, 75 mg. L™) which were symbolized as Ao, A1, A,, and
As, and chelated calcium (0, 1.0, 1.5, 2.0 g. L™) which were symbolized as Ca,, Cas, Ca,, and
Cas on the growth, yield and marketability of broccoli. A factorial experiment was carried out
within the RCBD design, in a total of 16 treatments with three replicates. The main flowering
heads were kept at temperatures 6-8° C for 20 days and 18-25° C for 4 days. The results were
revealed that the individual and interaction treatments were recorded a significant values
among the studied parameters, and the interaction treatment of As;Cas; achieved the most
significant increment of leaves area, total yield, heads weight, heads diameter, calcium content
in leaves and heads, the chlorophyll and vitamin C content in the heads, 1962.54dm? plant?,
55.10 ton.ha™, 889.78 g.head™, 21.84 cm, 1.85% in leave, 1.68%, 152.35 mg.100g™ and 305.07
mg.100g™" respectively decreased weight loss, increased total soluble solids, and maintained
chlorophyll and vitamin C in the flowering heads after storage reached 11.40%, 134.72 and
96.41 mg.100g™, 136.40 and 130.53 mg.100g™ respectively at two temperatures.

Key words: Brassica oleracea, spraying with, storage, vitamin C, chlorophyill.

ey o 1406-1398:(5)54: 2023- 4l ) &1 ;31 a slall Alaa
(leS gl bl Ak padl) LNy Jualadly gall) B agandlSlly dluy)sSul) plaala Gy il
e Bjaa Ol o dgana Guuige
i Galyl)

A8y draly — Ae )3l dusigh agle 08— iland) duing Aiiud) acd

aliduall

Cisgs 2021-2020 S50 amisall sty dnala—Le )3l duaigh) agle A8 b Ly dlia 40 olipad @l
il agallsly Az Ay Ay Ag Al Gays (1A skle75 (50 25 0) SSLAl ey sl Gaala (i il A
codsS el bl 4k putl) ALY Jualay sai 4 Cay «Cay Cay «Cag ¢ Jays (T a22.0 (1.5 (1.0 «0)
o Al A3l el ) cdiiag oy Sa Ay Alalas 16 cBlalaal) s 3l (RCBD sl o Aolale 45058
O esina (5o Jalally Ladl cOlalaal) o gilial) coglil ¢ alf 4 5aa) 325-18 5 520 524l 38-6 B as
0589 SN Jualally 48,6l Aabisa Ba) b Ligina gilill) Juab) cifba A3Cay Jalal dlalaall )y cdungpaal) cilieal)
Crpaliady by sl8l) 5855 80k 9 by (SLSY) (B ageallsll Aygial) dpailly Cunsl) Q) Sk Jamag uipl) Qal
BusY) b %1.855 an21.845 1T ap a2889.78 5 7 tia. 0h55.105 el 2 ana1962.54 el AC
Apall dygial) Ll Bal3y sl 288 JBly ity 'Ta2100.53%305.075 'Ta2100.034152.355 %1.68
%11.40 caly Bial) sy a3 gald) B C oualidy Jdg,ell 385 o Blially A< 4l Alal
B a ais ity 1a2100. 03k 130.535136.405 ' 2£100. 03k 96.41 5134.72 5

Jhgusls C cpaalid ¢ Bia By 9 iy « Brassica oleracea: dalidal) cilall)
Received:14/9/2021, Accepted:30/1/2022

1398


mailto:Sawsan.mahmoud1205a@coagri.uobaghdad.edu.iq

Iraqgi Journal of Agricultural Sciences —2023:54(5):1398- 1406

Ali & Majeed

INTRODUCTION

Broccoli, Brassica oleracea, var. italic, is
belong to the Brassicaceae family that grown
to obtain the inflorescences which were eaten
in the vegetative flowering buds stage with
thick, soft pedicels, it can be served cooked,
boiled, or fresh. Broccoli contains antioxidants
that protect the human cells from damage and
the risk of cancer; it also contains large
amounts of essential minerals and vitamins
that increases the body’s immunity through
activating specific antioxidant genes and
enzymes from immune cells and reducing free
radicals (25, 43). Broccoli is the type of plants
that stresses the soil by depleting a large
amount of nutrients during the growth period
(40, 41). Therefore, the foliar fertilization is
one of the effective methods to provide the
plant’s requirements of nutrients; it is an
effective method to transfer nutrients within
plants and contribute to improve the growth,
increases the quantity and quality of yield, and
increases the nutrients availability within the
soil, The foliar application of vitamins on
plants can stimulates the growth by activating
some enzymatic reactions which were
considered as biological co-factors and co-
enzymes within the wvarious biological
processes in the plant (4, 7, 45,). Ascorbic
acid is a growth stimulator that affects
physiological and metabolic processes such as
protein synthesis, nucleic acids and enzymes.
It has antioxidant functions, dissolves in water
and has an important protection role against
reactive oxygen species that consisted during
the photosynthesis and respiration (2,19).
Metwaly (33) noted that the foliar application
of ascorbic acid on the cabbage plant had a
significant increment on plant height, leaves
area, chlorophyll content, yield, and vitamin C
concentration. It was also found (36) that the
foliar application of ascorbic acid on broccoli
plant for both seasons had a significant
increment on leaves area, yield, and the
concentration of vitamin C. Balouchi (13)
noted that immersion of the flowering heads in
the ascorbic acid was significantly increased
the shelf life, the concentration of vitamin C,
chlorophyll content, TSS, and recorded the
least weight loss, these results agreed with
(15), It was also found (6) Ascorbic acid
significantly increased all vegetative growth,
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physical and chemical fruits properties of
olive. Calcium is an important nutrient that has
a physiological role in plant growth and
development, cell division and enlargement.
Many studies indicated that calcium deficiency
causes oxidative stress as the plant loses the
mechanisms of cellular defense signals that
responsible for reducing free radicals, it also
increases the oxygen species which leads to an
oxidative stress ROS, It also damage the
membranes while enhancing the leakage of
cellular electrons, which increases the
oxidative stress, the cell wall deterioration, and
increased water loss, which leads to reduce the
marketing life (8, 9, 10, 12, 30). Mohamed
(34) recorded that the foliar application of
calcium on the plant during both seasons
achieved a significant increment in plant’s
height, the vitamin C, chlorophyll, and
calcium content in cabbage plant. Kou (32)
mentioned that immersing the flowering heads
in calcium gave an increment in the marketing
life, reduced the water loss and chlorophyll
content (14, 20, 23, 47). The storage
temperature greatly affects the duration of
broccoli marketing life. Rhbarczyk-plonska
(39) noted that storing broccoli at different
temperatures affects the concentration of
vitamin C, chlorophyll and TSS concentration
(31, 46). Because of increase demand in the
local markets for broccoli has increased and its
short period of storage, the study was aimed to
increase production in quantity and quality and
to extend marketing life by the foliar
application of ascorbic acid and calcium under
different storage conditions.

MATERIALS AND METHODS

Two experiments were carried out; the first
was a field experiment at the College of
Agricultural Engineering Sciences - Research
Station A during the fall season of 2020-2021.
The field was prepared before the cultivation
by plowing, smoothing, and leveling. Soil
samples were taken to determining some
physical and chemical properties (table 1).
Then the field was divided into six rows, with
a width of 0.90 m, and a distance between
each other 0.90 m, which represents three
replicates, each replicate included two rows. A
dripping irrigation system was installed with
two dripping tubes per each terrace, in a
distance between each dripper was 20 cm, and
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they were covered with black mulching along
the terrace. The seeds of the Jassmine hybrid
broccoli produced by Delta Seeds were planted
on 8-Aug-2020, After reaching to 4-5 true
leaves, seeding were transplanted in permanent
field on 1-Oct-2020. each experimental unit 15
plants with a distance of 45 cm between them.
A factorial experiment was carried out based
on randomized complete block design
(RCBD), including 16 treatments each on
replicator three time, in total with 48
experiments. The first factor was ascorbic acid
including four concentrations 0, 25, 50, and 75
mg. L™ which were symbolized as Ao, Az, Ay,
Ags respectively. While the second factor was
the chelated calcium including four
concentrations 0, 1.0, 1.5, 2.0 g. L™ which
were symbolized as Cag, Ca;, Cap, Cas
respectively. The foliar Ascorbic acid sprayed
of after 30 days of planting, while the foliar
calcium was applied after 2 days of ascorbic
acid sprayed; the second foliar application was
done after 2 weeks of the first application.

After harvesting, the second experiment was
conducted, the experiment of storing the main
flower heads in the Storage Laboratory of the
Department of Horticulture and landscape
gardening-College of Agricultural Engineering
Sciences - University of Baghdad, by taking
three main heads from each experimental unit
and placing them in refrigerators at a
temperature of 6-8 ° C for 20 days and three
heads Stored at a temperature of 18-25°C for 4
days. The data were analyzed by Genstat and
compared using the L.S.D test with a

probability level of 0.05 (11), Using the T-Test
to compare the two storage temperatures and
comparing the calculated T with the tabulated
T probability level of 0.05 (5).

Studied Charters

plant height (cm) measured using a metric
tape.

Leaves area (dm?.plant™) measure according
to (44) method

Leaves and flower heads content of
chlorophyll before and after storage
(mg.100 g* wet weight) The chlorophyll
content was estimated according to (21)
method

Leaves and flower heads content of calcium
(Ca%) was estimated using a flame
photometer, according to (37) method.

The total plant’s yield (ton.ha™) The total
yield of one experimental unit was calculated
by the sum of the main and lateral flowering
heads to each experimental unit and then
attributed to the hectare.

Flowering heads content of Vitamin C
before and after storage (mg.100 g™)
calculated as stated in (1).

Weight loss percent in the main flowering
heads (%) calculated according to the
following equation

Weight loss = (heads weight before storage —
heads weight after storage) / (heads weight
before storage) * 100

Total soluble solids (TSS%) in flowering
heads calculated by hand refractometer
according to (29) method

Table 1. Physical and chemical properties of the soil before the study

Characterize The value Standard unit
EC1:1 1.4 Dsm™
PH1:1 7.18 —_—

N available 27 mg.kg™* Soil
P available 47 mg.kg™* Soil
K available 223.4 mg.kg™ Soil
o.M 6.3 g.kg™?
Carbonate 215 g.kg?
ca® 3.85 mm.L*
Mg*? 16 mm.L?
Na* 4.13 mm.L*
K 0.97 mm.L*
Cl 10.4 mm.L*
HCO;, 0.9 mm.L?
(olo Nil mm.L*
So,? 2.15 mm.L?
Sand 320 g.kg™ Soil
Silt 283 g.kg™* Soil
Clay 397 g.kg™ Soil
Texture Clay loam

The analysis was done in the graduate laboratories of the University of Baghdad-College of Agricultural Engineering

Sciences
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RESULTS AND DISCUSSION

Table 2 revealed that foliar application of
ascorbic acid achieved significant differences
of in plant height, leaves area and chlorophyll
content the best level was so mg.L™ A, , which
Rerecorded 85.69 cm, 1547.07 dm?. plant™
and 286.26 mg.100 g™, respectively, compared
to the control treatment. May due to the role of
ascorbic acid to stimulates the cells division
and enlargement increase the cells number

(38). Ascorbic acid activated and maintain the
chloroplasts (42) The calcium % percent in
leaves at Aj recorded the highest values
reached 1.73% compared to the control
treatment, which recorded 1.54%, which
increases the secretion of organic acids from
the roots to the soil, which contributes to
increase in the solubility of most nutrients that
are slowly released in the rhizosphere that
were absorbed by plants (26).

Table 2. Effect of ascorbic acid and calcium on the vegetative and chemical characteristics of
Broccoli in the leaves

Treatments Plant’s height Leaves area Leaves content of Ca (%)
(cm) (dm?.plant™) chlorophyll
(mg.100 g* wet
weight)
Ao 82.86 1205.40 177.96 1.54
Ay 84.05 1369.00 213.11 1.64
A, 85.69 1547.07 286.26 1.66
As 84.33 1538.11 260.91 1.73
L.S.D 131 103.90 17.88 0.02
Cag 81.75 1284.68 167.94 1.48
Ca; 85.64 1493.10 238.56 1.68
Ca, 84.72 1342.55 270.83 1.66
Cas 84.83 1539.26 260.90 1.75
L.S.D 131 103.90 17.88 0.02
A,Cay 79.89 1094.60 134.88 141
A,Ca, 84.22 1200.74 199.72 1.55
A,Ca, 84.33 1183.31 176.24 1.59
A,Ca; 83.00 1333.96 200.98 1.59
A;Ca 80.78 1158.37 145.81 1.48
ACay 85.33 1356.01 200.93 1.69
A;Ca, 85.11 1439.40 259.88 1.65
A,Caz 85.00 1522.23 245.83 1.74
A,Cag 85.22 1452.50 185.47 1.50
A,Ca;y 89.56 1941.97 311.69 1.66
A,Ca, 84.11 1455.51 388.90 1.68
A,Ca; 83.89 1338.31 258.97 181
AsCay 81.11 1433.24 205.61 1.52
AsCa; 83.44 1464.69 241.90 1.84
AsCa, 85.33 1291.96 258.31 1.72
AsCa; 87.44 1962.54 337.80 1.85
L.S.D 2.63 207.80 35.76 0.05

A;=25mg.L*, A,=50mg.L?, A;=75mg.L™", Ca,;=1.0g.L™", Ca,=1.5g.L™", Cas=2.0g.I"

Also, the foliar application of calcium was
recorded a significant increment in plant
height, reached 85.64cm at Ca;, compared to
the control treatment which recorded 81.75cm,
At Ca, recorded a significant increment in the
leaves content of chlorophyll reached 270.83
mg. 100 g . While the concentration of Cas
recorded the highest values in leaves area and
Ca content reached 1539.26 dm?. plant® and
1.75% respectively, compared to the control
treatment which recorded 1284.68 dm?. plant™
and 1.48% respectively. This can be due to the
calcium function through the formation of Ca-
Pectate, which reflected on the strength of the
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cell tissue, as well as its role as a carrier of
hormones that contributes in the cells division
and expansion (27). Calcium is a stable
nutrient in  plants; therefore, calcium
accumulates in the leaves in the form of
chelated compounds within the protoplasm,
and the vacuoles in the form of calcium
oxalate (3). The interaction treatment was
achieved a significant differences in plant
height, which recorded 89.56 cm at A,Ca;
compared to the control treatment which
recorded 79.89 cm. while treatment of As;Cas
recorded the highest values in leaves area and
Ca % in leaves 1962.54 dm?. plant™, 1.85%,
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respectively, compared to the control treatment
which recorded 1094.60 dm?® plant® and
1.41%, while the treatment of A,Ca, recorded
the highest values of chlorophyll content
reached 388.90 mg. 100 g’ wet weight,
compared to the control treatment which
recorded 134.88 mg. 100 g wet weight
respectively. This may be due to combined
effect of ascorbic acid and calcium
improvement of some physiological processes.
Table 3 shows that foliar application of
ascorbic acid had a significant increment in the
main heads weight, head’s diameter, total

yield, calcium percent and vitamin C content
in the flowering heads at treatment A; reached
791.75 g. head™, 20.77 cm, 47.32 tons. ha™,
1.60% and 276.10 mg. 100 g*, respectively,
compared to the control treatment that
recorded 557.90 g. head™, 17.82 cm, 34.16
tons. ha®, 1.42%, and 183.33 mg. 100 g™.
Results also revealed a significant increment in
the flowering heads content of chlorophyll
under the treatment of A; which were recorded
132.20 mg. 100g™ compared to the control
treatment which recorded 112.49 mg. 100 g™

Table 3. Effect of ascorbic acid and calcium on yield and quality characteristics of the
flowering heads

Treatments Heads Heads Total yield Chlorophyll Ca (%) Vitamin C
weight (g. diameter (Ton. Ha™) (mg. 100g™* (mg. 100 g'1)
head™) (cm) wet weight)
Ay 557.90 17.84 34.16 112.49 142 183.33
Ay 674.84 19.52 40.73 132.20 1.56 218.17
A, 749.90 20.09 43.73 129.57 1.58 231.74
Az 791.75 20.77 47.73 129.54 1.60 276.10
L.S.D 19.42 0.38 1.81 10.41 0.04 17.55
Cay 535.37 17.41 3241 99.77 1.41 200.57
Ca; 692.28 19.65 42.19 137.74 1.57 220.00
Ca, 759.37 20.26 44.56 130.50 1.55 247.50
Cas 787.37 20.90 46.77 135.80 1.62 241.27
L.S.D 19.42 0.38 1.81 10.41 0.04 17.55
Ay Cag 485.22 16.71 28.04 83.15 1.29 161.33
Ay Cay 501.47 17.22 31.58 108.50 1.42 183.33
Aq Ca, 586.71 17.99 37.55 117.40 141 183.33
A, Ca; 658.18 19.44 39.46 140.92 1.54 205.33
A; Cay 516.98 17.51 29.90 114.19 1.42 212.67
A; Ca; 707.91 20.04 43.93 166.19 1.65 205.33
A; Ca, 702.15 19.50 43.43 128.79 1.52 242.00
A; Ca; 772.33 21.02 45.65 119.63 1.64 212.67
A, Ca, 567.00 17.37 36.87 101.12 1.43 208.27
A, Cay 784.16 20.68 47.59 134.27 1.64 212.67
A, Ca, 819.25 21.02 43.60 152.58 1.64 264.00
A; Ca; 829.18 21.30 46.86 130.29 1.61 242.00
Az Cag 572.27 18.07 34.83 100.63 1.50 220.00
A; Cay 775.58 20.67 45.68 141.98 1.57 278.67
A; Ca, 929.38 22.51 53.67 123.21 1.64 300.67
A; Caz 889.78 21.84 55.10 152.35 1.68 305.07
L.S.D 38.85 0.76 3.63 20.82 0.07 35.09

A;=25mg.L™, A,=50mg.L", A;=75mg.L™", Ca,;=1.0g.L"
This can be attributed to its role in increasing
the efficiency of the photosynthesis process by
maintaining the plant pigments from oxidative
damage that occurs as a result of vital
processes, which leads to an increased the
carbohydrates (16) and acts as an antioxidant
agent and activating many enzymes as it enters
the electron transport system and maintains on
chlorophyll from oxidation (35). Results of
table 2 revealed that the applicant spraying of
calcium recorded a significant increment

l, Ca,=
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1.59.L™", Caz=2.0g.I"

among the studied parameters; the application
of calcium at treatment of Cas recorded the
highest values of main heads weight, heads
diameter, total yield and calcium percent
reached 787.37 g. head™, 20.90 cm, 46.77
tons. ha™ and 1.62% compared to the control
treatment which recorded 535.37 g. heads™,
17.41 cm 32.41 tons. ha™ and 1.41% While the
treatment of Ca; recorded the highest values of
leaves content of chlorophyll reached 137.74
mg. 100 gt wet weight compared to the



Iraqgi Journal of Agricultural Sciences —2023:54(5):1398- 1406

Ali & Majeed

control treatment, which recorded 99.77 mg.
100g™* wet weight. Also, the treatment of Ca,
recorded significant value of vitamin C
reached 247.50 mg. 100g™ compared to the
control which recorded 200.57 mg. 100 g™.
May due to the role of calcium to the various
structural and physiological activities that it
plays within the plant, including the structure
of cell walls and works to link the components
of the pectic wall and the polysaccharide
compounds (18). It also plays an important
role in plant growth, development, and the
transmission of external and internal signals,
and it is one of the necessary nutrients that
plants require in the formation of cells
membranes (22). The interaction between
ascorbic acid and calcium at AsCa, also
recorded significant values in the main heads
weight, main heads diameter, reached 929.38
g. head® and 2251 cm respectively, in
comparison to the control which were recorded
485.22 g. head™, and 16.71 cm respectively,
while the total yield, the calcium percent, and
the vitamin C concentration at AzCas recorded
the highest values reached 55.10 ton. ha™ and
1.68% and 305.07 mg.100g™, respectively,
compared to the control treatment, which were
recorded 28.04 tons. hat, 1.29 % and 161.33
mg.100g™, respectively. While the interaction
at A;Ca; recorded the highest values in leaves
content of chlorophyll reached 166.19 mg. 100
g' compared to the control treatment which
recorded 83.15 mg. 100 g™*. Results in Table 4
showed that the foliar application of ascorbic
acid at the treatment of Az was significantly
reduced the weight loss, increased the TSS%
and maintained chlorophyll and vitamin C
content under both temperatures 8-6 C for 20
days, and 18-25 C for 4 days reached 14.37,
13.03%, 8.21, 7.88%, 119.32, 81.40 mg.100 g
! 12063, and 117.33 mg. 100 g*
respectively, compared to the control which
recorded 23.78, 17.93%, 7.04, 6.84%, 91.83,
49.39 mg.100 g *, and 57.20, 47.67 mg. 100 g’
! respectively. This can be attributed to the
non-enzymatic antioxidant role of ascorbic
acid and the ability to resist oxidation through
the formation of inactive free radicals during
chemical reactions, and that its role lies in
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treating the catabolism that occurs through
cellular activity to maintain the organelles in
cells from destruction (24). It also increases
the plant's resistance to environmental
conditions and reduces the heat stress, light
intensity, and toxins, stimulates respiration
processes, and increases the speed of cell
division (35). Also the faliar application of
calcium had a significant effect at the
treatment of Caz in reducing weight loss,
increasing the percentage of total soluble
solids, and maintaining the total chlorophyll
and vitamin C content for both temperatures 8-
6 ° C for 20 days, 18-25 ° C for 4 days reached
15.37, 13.03, 7.96, 8.08%, 120.77, 83.16
mg.100 g*, 104.13, 93.13 mg.100 g
respectively, compared to the control treatment
25.15, 17.60 %, 6.88, 6.88 %, 84.01, 50.80
mg.100 g*, 77.73, and 75.17 mg.100 g
respectively. This can be attributed to its role
the reinforcement of cells wall and decreasing
the permeability through its contribution to the
process of linking pectin with protein in the
cell membranes and linking the contiguous
cells (17) and decrease the oxidation process
in the flowering heads and may also reduce the
decomposition of acids and thus maintain the
Cells acids content (28). The interaction
between ascorbic acid and calcium also
revealed a significant effect in reducing weight
loss, increasing the TSS percent, chlorophyll,
and vitamin C content at both temperatures 8-6
° C for 20 days, 18-25 ° C for 4 days at
treatment of AzCas; reached 11.82, 11.40%,
9.17, 8.67 % 142.56, 96.41 mg. 100 g™,
136.40, and 130.53 mg. 100g™ respectively,
Compared to the control which recorded
33.79, 20.88%, 6.33, 6.17%, 54.75, and 40.12
mg. 100 g™, 48.40, and 42.53 mg. 100g™
respectively. This may be due to the non-
contrary in the effect between ascorbic acid
and calcium, they also have a mutual role in
the physiological processes. We conclude that
the foliar application of ascorbic acid and
calcium (50, 75 mg. L?, and 1.5, 2.0 g. L™,
respectively) were significantly increased the
vegetative growth characteristics, qualitative,
and quantitative yield characteristics, and
marketability.
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Table 4. Effect of ascorbic acid and calcium on the storage experiment characteristics of the
main flowering heads

Treatments Weight Loss (%) TSS (%) Chlorophyll Vitamin C
(mg.100g™) (mg.100g™)
Temperature Temperature Temperature Temperature

6-8C 18-25C 6-8C 18-25C 6-8C 18-25C 6-8C 18-25C

Ay 23.78 17.93 7.04 6.84 91.83 49.39 57.20 47.67
A 23.16 14.11 7.46 1.77 114.67 66.87 91.67 85.43
A, 16.23 14.07 7.79 7.79 114.05 76.41 101.20 96.07
As 14.37 13.03 8.21 7.88 119.32 81.40 120.63 117.33

L.S.D 0.77 0.87 0.37 0.34 8.13 3.95 4.38 3.15
Cay 25.15 17.60 6.88 6.88 84.01 50.80 77.73 75.17
Ca; 19.36 14.23 7.75 7.61 119.26 68.92 92.03 87.63
Ca, 17.75 14.29 7.92 8.08 115.82 71.18 96.80 90.57
Ca; 15.37 13.03 7.96 7.71 120.77 83.16 140.13 93.13

L.S.D 0.77 0.87 0.37 0.34 8.13 3.95 4.38 3.15
Ay Cay 33.79 20.88 6.33 6.17 54.75 40.12 48.40 42.53
A, Cay 22.29 19.71 7.00 6.60 81.46 48.11 57.20 49.87
A, Ca, 21.48 17.54 7.50 7.50 110.45 52.92 57.20 49.87
A, Ca; 17.55 13.61 7.33 7.10 120.66 56.40 66.00 48.40
A; Cay 28.59 17.62 6.83 7.00 94.77 46.02 83.60 82.13
A; Ca; 21.68 11.83 7.67 8.17 142.56 57.94 89.47 83.60
A; Ca, 23.40 14.45 8.00 8.00 116.61 73.08 95.33 85.07
A; Ca; 18.96 12.54 7.33 7.90 104.74 90.42 98.27 90.93
A, Cay 20.60 16.71 7.00 7.50 88.34 59.20 88.00 88.00
A, Cay 18.09 12.21 8.50 8.00 126.03 78.47 96.80 95.33
A; Ca, 14.31 12.81 7.67 8.50 118.84 78.55 104.13 98.27
A, Ca; 12.27 14.56 8.00 7.17 122.97 89.40 115.87 102.67
A; Cay 17.60 15.19 7.33 6.83 98.17 57.86 90.93 88.00
A; Cay 15.37 13.18 7.83 7.67 127.00 91.15 124.67 121.73
A; Ca, 11.82 12.34 8.50 8.33 117.37 80.18 130.53 129.07
A; Ca; 12.69 11.40 9.17 8.67 134.72 96.41 136.40 130.53

L.S.D 1.54 1.75 0.74 0.68 16.25 7.90 8.75 6.30

A;=25mg. L™, A,=50 mg. L, A;=75mg. L™, Ca;=1.0 mg. L™", Ca,=1.5 mg. L™}, Ca;=2.0 mg. L™

REFERENCES

1. Abbas, M. F. and M. G. Abbas. 1992. Care
and Storage of Fruits and Vegetables. Ministry
of Higher Education and Scientific Research,
University of Basra, Dar Al-Hekma Press,
Irag. A. S.pp. 142

2. Abdul Rahman, Y. A.; S. F. Ali and H. S.
Alatar. 2012. Effect of sucrose and ascorbic
acid concentrations on vase life of snapdragon
(Antirrhinun. Majus L.) cut flowers. Intl. J.
Pure Appl. Sci. Technol. 13(2): 32-41

3. Abu Nugat, F. And M. S. Al-Shater. 2011.
Soil fertility and fertilization. Faculty of
Agriculture, Damascus University. pp: 229-
243

4. Al-Amri, N. J. K.; A. M.H. H. Al-Khafaji
and N. H. A. Al-Dulaimi. 2023. Investigating
cobalamin and GSH impact on growth,
quality, and vyield of cabbage. Euphrates
Journal of Agriculture Science-15 (1): 321-
2217.

5. Al-Asady, M. H. S. 2019. Genstat for
Analyzing Agricultural Experiments. Al-
Qasim  Green University Agriculture
College. 2273. pp: 17-304

1404

6. Al-Atushy, S. M. M. and S. M. Abdul-
Qader. 2016. Effect of potssium and ascorbic
acid on growth, yield and quality of olive
cv.khadrawi. Iraqi Journal of Agricultural
Sciences. 47(6): 1556-1561.

7. Al-Ghobashi, R. A. 2005. The Chemistry
and Biology of Vitamins. Scientific Dar
Alkotb for Publishing and Distribution. Cairo.
The Egyptian Arabic Republic. pp: 24-201

8. Al-Khafaji, A. M. H. H. and K. D. H. Al-
jubouri. 2022. Influence of aqueous extract of
barley sprouts, trehalose, and calcium on
growth, quality and vyield of carrot. Iraqi
Journal of Agricultural Sciences, 53(1): 133-
140. https://doi.org/10.36103/ijas.v53i1.1517
9. Al-Khafaji, A. M. H. H. and K. D. H. Al-
jubouri. 2022. Maximization carrot minerals
preserve and antioxidant capacity by foliar
application of aqueous barley sprouts extract,
trehalose, and calcium. Iragi Journal of
Agricultural Sciences, 53(1):122-132.
https://doi.org/10.36103/ijas.v53i1.1515

10. Al-Khafaji, A. M. H. H. and K. D. H. Al-
jubouri. 2022. Enhancing growth and
production of carrot plant by spraying aqueous
barley sprouts extract, trehalose, and calcium.



https://doi.org/10.36103/ijas.v53i1.15179
https://doi.org/10.36103/ijas.v53i1.15179
https://doi.org/10.36103/ijas.v53i1.151510
https://doi.org/10.36103/ijas.v53i1.151510

Iraqgi Journal of Agricultural Sciences —2023:54(5):1398- 1406

Ali & Majeed

Journal of Kerbala for Agricultural Sciences,
9(4): 134-144.
https://doi.org/10.59658/jkas.v9i4.1069

11. Al-Mashhadani, K. A. K. and O. M. J. Al-
Qassab. 2017. Common Designs and
Experiments Analysis in Genstat. Baghdad
University. Al Jazeera Printing and Publishing.
Baghdad. pp: 140

12. Almeida, H. J.; V. M. V. Carmona; V. S.
Cavalcante; A. B. C. Filho; R. M. Prado; R. A.
Flores; B. M. M. N. Borges and M. Mauad.
2020. Nutritional and visual diagnosis in
broccoli (Brassica oleracea var. italic L.)
plants. Disorders in physic-ological activity
nutritional efficiency and metabolism of
Carbohydrates. Agronomy 10: 1572

13. Balouchi, Z.; G. A. Peyvast; M.
Ghasemnezhad and M. Dadi. 2012. Effects of
ascorbic acid in delaying florets senescence of
broccoli during Post-harvest storage. J.
Horticulture. Biology and Environment. 3. pp.
167-183

14. Ben-Fadhel, Y.; N. Ziane; S. Salmieri. and
M. Lacroix. 2017. Combined Post-harvest
Treatments for Improving Quality and
Extending Shelf-life of Minimally Processed
Broccoli Florets (Brassica oleracea var. italic
L.). Food Bioprocess Technol. 11(1): 84-95
15. Bilgin; J. 2021. The effects of salicylic
folic and ascorbic acid treatment on shelf-life
quality of broccoli florets. J. Agricultural
Production 2(1): 7-15

16. Cheruth, A. J. 2009. Changes in non-

enzymatic  anti-oxidants and  ajmalicin
production in catharanthus rosens with
different soil salinity regimes. Bot. Res. Inter.
2(1): 1-6

17. Dris, R. 1998. Effect of pre-harvest

calcium treatments on post-harvest quality of
apples grown in finland. university of helsinki-
department of plant production horticulture
section-publication No 34 pp: 111 helsinki
finland

18. Easterwood, G. W. 2002. Calcium’s role in
plant nutrition. Fluid. J. 10: 16-19

19. El-Khattab, E. A.; E. A. Housini; and H.
H. Khedr. 2019. Effect of some antioxidants
(ascorbic acid, proline, and salic acid) on
jojoba plants under circumstance of Sinai.
Iragi  Journal of Agricultural Sciences,
50(4):1086-1093.
https://doi.org/10.36103/ijas.v50i4.753

1405

20. EI-Mogy, M. M.; A. W. M. Mahmoud; M.
B. I. ElI-Sawy and A. Parmar. 2019. Pre-
Harvest foliar application of mineral nutrients
to retard chlorophyll degradation and preserve
bio-active compounds in broccoli. Agronomy.
Vol. 9: 711

21. Goodwin, T. W. 1976. Chemstry and
Biochemistry of Plant Pigment. 2" Academic.
Press. Landon, Newyork. San Francisco: pp:
373.

22. Guimaraes, F. V. A.; C. F. Lacerda; E. C.
Marques; M. R. A. Miranda; C. E. B. Abreu; J.
T. Prisco and E. Gomes-Filho. 2011. Calcium
can moderate changes on membrane structure
and lipid composition in cowpea plants under
salt stress. Plant Growth Regulation. 65(1): 55-
63

23. Guo, H.; Y. Chen and J. Li. 2018. Effects

of 6-benzylaminopurine-calcium  chloride-
salicylic acid on yellowing and reactive
oxygen metabolism of broccoli. Trans.

Tranjin. Univ. 24: 318-325

24. Haciscvki, A. 2009. An over view of
ascorbic acid. Biochemistry. 37(3): 233-255
25. Hamza, O. M. and D. K. A. AL-Taey.
2020. A study on the effect of glutamic acid
and benzyl adenine application upon growth
and yield parameters and active components of
two broccoli hybrids. Int. J. Agricult. Stat. Sci.
Vol. 16. Supp. 1. pp. 1163-1167.

26. Hanafy, A. A. H. 1996. Physiological
studies on tiploun and nitrate accumulation in
lettuce plants. J. Agric. Sci. Mansoura Univ.
21: 3971-3994

27. Hawkesford, M.; W. Horst; T. Kichey; H.
Lambers; J. Schjoerring; J. S. Moller and P.
White. 2012. Functions of Macronutrients. In
Marschner’s Mineral Nutrition of Higher
Plants. Marschner. P. Ed. Academic Press.
London. UK. PP. 135-189

28. Hayat, I.; T. Masud and H. A. Rathore.
2003. Effect of coating and wrapping materials
on the shelf-life of apple (Malus domestica.
c.v. Brokh). Department of food technology.
University of Arid Agriculture Rawalpindi.
Internet Journal Safety. V.(5): 24-34

29. lbraheem, H. I. M. 2010. Plant Samples
Collected and Analyzed. Its Edn. Egypt. PP.
534

30. Jain, V.; S. Chawla; P. Choudhary and S.
Jain. 2019. Post-Harvest calcium chloride
treatments influence firmness cell wall


https://doi.org/10.59658/jkas.v9i4.1069
https://doi.org/10.36103/ijas.v50i4.753

Iraqgi Journal of Agricultural Sciences —2023:54(5):1398- 1406

Ali & Majeed

components and cell wall hydrolyzing
enzymes of ber (Ziziphus maurition Lamk.)
fruits during storage. J. Food Sci. Technol. 56:
4535-4542

31. Jing, L.; Y. Wang; R. Wang; C. Wang; D.
Lou and H. Wu. 2016. Effect of controlled
freezing-point storage on quality of fresh-cut
broccoli. J. Food Science and Technology.
12(6): 317-325

32. Kou, L.; T. Yang; X. Liu and Y. Luo.
2015. Effects of pre-and postharvest calcium
treatments on shelf-life and postharvest quality
of broccoli microgreens. Hort Science. 50(2):
1801-1808

33. Metwaly, E. E. and R. S. El-Shatoury.
2017. An attempt to alleviation of irrigation
water deficit stress in cabbage (Brassica
oleracea var. capitata L.) by exogenous foliar
application with some antioxidant. J. Plant
Production. Mansoura Univ. 8(12): 1315-1322
34. Mohamed, M. H. M. and R. M. Y. Zewail.
2016. Alleviation of high temperature in
cabbage plants grown in summer season using
some nutrients antioxidants and amino acids as
foliar application with cold water. J. Plant
Production. Mansoura Univ. Vol. 7(4): 433-
441

35. Oertli, J. J. 1987. Exogenous application of
vitamins as regulators for growth and
development of plants a review. J. Plant Nutr.
Soil Sci. 150: 375-391

36. Osman; A. S.; M. H. A. Wahed and M. M.
Rady. 2018. Ascorbic acid improves
productivity physio-biochemical attributes and
antioxidant activity of deficit-irrigated broccoli
plants. J. Scientific and Technical Research.
Volume. 11. Issue. 1. pp: 8196-8205

37. Page, A. L.; R. H. Miller and D. R. Kenny.
1982. Methods of soil analysis part (2) 2" ed.
Agronomy9. Am. Son. Agron. Madison.
Wisconsin. Vol. 1159

38. Pignocchi, C. and C. H. Foyer. 2003.
Apoplasticascorbate metabolism and its role in
the regulation of cell signaling. Curr-Opin
Plant Biol. 6: 379-389

39. Rhbarczyk-Plonska, A.; M. K. Hansen; A.
B. Wold; S. F. Hagen; G. I. A. Borge and G.
B. Bengtsson. 2014. Vitamin C in broccoli
(Brassica oleracea L. var. italica) flower buds
as affected by postharvest light uv-b

1406

irradiation and temperature. Postharvest
Biology and Technology 98: 82-89

40. Salman, A. D., and E. J. Abdul Rasool.
2022. Effect of ozone enrichment and spraying
with coconut water and moringa extract on
vegetative growth and yield of broccoli plant
under hydroponic system with modified NFT
technology Iragi Journal of Agricultural
Sciences, 53(2):406-414.
https://doi.org/10.36103/ijas.v53i2.1549

41. Salman, A. D., and E. J. Abdul Rasool.
2022. Effect of ozone enrichment and spraying
with organic nutrient on nutrient and water use
efficiency and fertilizer productivity of
broccoli plant cultivated hydroponically with
modified NFT technology. Iraqgi Journal of
Agricultural Sciences, 53(2):660-668.
https://doi.org/10.36103/ijas.v53i3.1576

42. Shahnawaz, M. D.; R. Chauhan and D.
Sanadhya. 2017. Impact of aluminum toxicity
on physiological aspects of barley (Hurdeum
volgare L.) cuttivers and its alleviation through
ascorbic acid and salicylic acid seed priming.
Int. J. Curr. Microbiology App. Sci. 6(5): 875-
891

43. Thapa, U. and R. Rair. 2012. Evaluation of
sprouting broccoli (Brassica oleracea var.
italica)  genotypes for growth vyield and
quality. International. J. Agriculture Sciences.
4(7): 284-286

44. Watson, D. J. and M. A. Watson. 1953.
Comparative physiological studies on the
growth of yield crops. 111. effect of infection
with beet yellow. Annals of Applied Biology.
40(1): 1-37

45. Witter, S. H. and E. Lansing. 2005. Foliar
Application of Fertilizer Michigan State Univ.
Issue. 2072-3875

46. Xu, D.; J. Zuo; Y. Fang; Z. Yan; J. Shi; L.
Gao; Q. Wang and A. Jiang. 2021. Effect of
folic acid on the postharvest physiology of
broccoli during storage. Food Chemistry. 339-
127981

47. Yan, Z. And J. Shi, L. And Gao, Q. Wang
and J. Zuo. 2020. The combined treatment of
broccoli florets with kojic acid and calcium
chloride maintains post-harvest quality and
inhibits  off-odor  production.  Scientia
Horticulturae. 262-1090109.



https://doi.org/10.36103/ijas.v53i2.1549
https://doi.org/10.36103/ijas.v53i3.1576

