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Abstract

The experiment was conducted at the Agricultural Research and Experiments Station of the
College of Agriculture / University of Kirkuk (Alsiyada field) in Kirkuk province, during the growing
season (2019-2020).In order to study the effect of spraying with nano chelated iron at a concentration of
(4,2,0) g/ litre and gibberellin (500,250,0) ml /L, on some chemical traits of Moringa plants using two
agricultural medium (sandy loam soil and loamy sand soil). Sowing seeds on the date (3/1/2019) in
polyethylene bags, The seedlings were sprayed with nano iron and gibberellin until complete wetness by
using 0.01% of liquid soap as a diffuser on two dates, the first on (15/11/2019) of the nano iron element
and (17/11/2019) of gibberellic acid and the second spraying on (1 / 2/2020) of nano iron and (3/2/2020)
of gibberellic acid, The experiment was designed by Randomized Complete Block Design (RCBD)
according to the split-plot system and with three replications. As each experimental unit included 5 pots,
The results obtained can be summarized: The use of sandy loam soil had a significant effect in
increasing the percentage of protein, phosphorus and iron, and the medium had no significant effect on
the vegetative and root traits and the percentage of nitrogen, potassium and carbohydrates in the leaves.
The concentration of 2 g / L of nano iron led to a significant increase in the percentage of phosphorous
and potassium in the leaves, while the concentration exceeded 4 g / L in the percentage of
carbohydrates, and the comparison treatment was excelled on the percentage of iron. The effect of 250
ml/L of gibberellin significantly affected the percentage of nitrogen ,protein and phosphorous, potassium
and iron, while the control treatment was excelled in the percentage of carbohydrates.

Key words: agricultural medium, nano iron, gibberellin.
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Introduction

Moringa oleifera L. is one of 13 species of
trees belonging to the genus Morina, which is
the only genus in the Moringaceae family.
Moringa spreads in Africa, especially in
Ethiopia, Kenya and Sudan. It grows in tropical
regions, its origin is from India, but it is known
in central Africa (21),It has high economic
importance as it is used as a foodstuff because it
contains high levels of carbohydrates, protein
and minerals such as (magnesium, potassium,
iron, zinc and phosphorous) and is rich in
nutrients, especially in its leaves, and thus can
be used to combat malnutrition diseases,
especially among infants and pregnant women
(19), It is also used in biofuels because Moringa
seed oil contains a high percentage of
unsaturated fatty acids and it meets all the main
specifications of the biodiesel standards of the
United States of America, Germany and
Europe(22) and it works to withdraw pollutants
from the water such as heavy metals and
pesticides (15). Nanofertilizers have unique
features due to their small size and large surface
area that lead to an increase in the absorption
surface and thus high carbon representation and
increase the production of active substances in
the plant (28), Iron is one of the necessary
micro-elements that the plant needs when
adding iron to Moringa plants, which leads to
the preservation of the green substance, so it
enters into the formation of chlorophyll and is
not included in the composition and also enters
into the formation of cytochromes of importance
in the process of carbon Photosynthesis and

457

o o5l anas el Bl s) Apaliiall cilalSl)

respiration, Where iron plays a major role in
Converting the dissolved nitrogen in Moringa
leaves into protein, and its protein function is to
protect chlorophyll from intense sunlight (1),
Iron is one of the necessary micro-elements that
the plant needs when adding iron to Moringa
plants, which leads to the preservation of the
green substance, so it enters into the formation
of chlorophyll and is not included in the
composition and also enters into the formation
of cytochromes of importance in the process of
carbon Photosynthesis and respiration, Where
iron plays a major role in Converting the
dissolved nitrogen in Moringa leaves into
protein, and its protein function is to protect
chlorophyll ~ from intense sunlight (1),
Phytohormones have an effective role in
increasing growth and active organic materials
for many  plants. Gibberellins are
phytohormones that stimulate plant growth.
They are naturally found in all plants of the
plant kingdom. Growing tops, new leaves,
clumpy fruits and newly developing seed germs
are a major source of these compounds.The
physiological effect of gibberellins is due to
their control of enzymatic activities and their
activation of metabolism processes. Treatment
with  gibberellins  contributes to  the
transformation of nutrients to a greater degree
towards growth sites (34). The agricultural
community is important in preparing and
providing water and nutrients necessary for
growth as well as stabilizing plants (13), It is
important for the agricultural medium used in
the nurseries and greenhouses to have good
ventilation of the root system, as well as the
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availability of water and nutrients and its light
weight (4). The present study aimed to study the
effect of spraying with chelated iron
nanoparticles at a concentration of (2,0,4) g/ L
and gibberellin. (500,250,0) ml/L in some
mineral characteristics of Moringa plants, using
two agricultural medium (sandy Loam soil and
Loamy sand soil).

Materials and methods

The experiment was conducted at the
Agricultural Research and Experiments Station
of the College of Agriculture / University of
Kirkuk (Alsiyada field) located at (latitude
42.35 ° and longitude 37.44 °) and it started
from 1/3/2019 to 1/5/2020, where the seeds
were cultivated. Dated 1/3/2019 in polyethylene
bags, The seedlings were sprayed with nano iron
and gibberellin until complete wetness by using

0.01% of liquid soap as a diffuser on two dates,
the first on (15/11/2019)of the nano iron
element and (17/11/2019) of gibberellic acid
and the second spraying on (1 /2/2020) of nano
iron and (3/2/2020) of gibberellic acid, The
experiment was designed by Randomized
Complete Block Design (RCBD) according to
the split-plot system and with three replications.
The main plot included two types of the
agricultural medium while the subplot occupied
(3) levels of nano iron and the sub-sub plot
occupied (3) levels of gibberellin. Analyze the
data using a multiple Dunkin test. Limits To
compare averages, soil samples were taken from
pot plants before cultivated, The analyzes were
conducted in the Agriculture Directorate in
Kirkuk (Laboratories Department) to reveal its
physical and chemical traits, which are
described in Table (1).

Table (1) Some physical and chemical traits of the soil sample used in cultivation

The final result of soil 2 The final result of soil 1 Units Traits

0.119 0.126 % Nitrogen (N)
2.038 2.575 PPM Phosphorous (P)
48.14 48.143 PPM Potassium (K)
0.09 0.38 Mmho.cm™ EC
8.10 8.02 PH

60 220 PPM TDS
1.497 6.258 Meqg/L Ca
0.722 4.608 Meg/L Mg

Loamy sand Sandy loam Texture

12 6 % Clay

12 10 % Silt

76 84 % Sand

Studied traits

1. traits of vegetative growth

1.1. Plant height (cm).

Measure with a tape measure from the soil
surface from the pots to the top of the plant.

1.2. Estimation of Mineral Contents of

Leaves

The plant samples of leaves were digested
according to method (11) by weighing 1 g of
ground dry matter and put it in a glass digestion
flask with a capacity of 100 ml and add 5 ml of
concentrated sulfuric acid (H,SO,) and 1 ml of
perchloric acid (HCLO,) as an aid. Put the
beaker on the heating plate. The temperature
was raised gradually (until the solution became
clear), then the beaker was cooled and the
volume was completed to 20 ml by adding
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distilled water. After that, the elements were
evaluated according to the following methods:

2. The Percentage of Nitrogen in the Leaves

The percentage of nitrogen in the digested
samples was measured according to method (10)
using the Microkjeldhal distillation apparatus.

2-2: Protein Percentage Leaves.

The percentages of protein in Moringa leaves
were calculated according to the following
equation:

Protein (%) = nitrogen (%) x 6.25 (31).
2-3: Phosphorus Percentage in Leaves.

The percentage of phosphorous in the
digested leaves plant samples was estimated
using the color method and wusing a
Spectrophotometer (Libra-Bichron 2005 UK-
S22) to measure the visible density of
phosphorus at a wavelength of 620 nm (25).

2-4: Potassium Percentage in Leaves.

The percentage of potassium in the digested
samples was estimated according to the method
(14) using the Atomic Absorption spectroscopy
(Perkin Elmer 5000, USA) of American origin,
as the wavelength of potassium was measured at
766.5 nm and calibrated with the standard curve
of potassium.

2-5: Estimation of iron content in leaves
(ng.g™).

The iron element was estimated for the
digested leaves samples using an atomic
spectrometer at a wavelength of 248.3 nm and
calibrated with the measurement curve of iron
(30).

2-6: Estimation of carbohydrates percentage
(%)
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The percentage of total carbohydrates was
estimated in the papers and the readings were
recorded using a Spectrophotometer type (V-
100 EMC lab 100) with a wavelength of 490
nm, according to (6).

Results and discussion
1. Plant height (cm).

The results of the statistical analysis in Table
(1) showed a significant effect when using
gibberellin on plant height for Moringa, The use
of gibberellin at a concentration of 250 ml/ L
caused a significant increase in the plant, where
it gave the highest average of 89.26 cm, while
the use of the concentration 500 ml/ L caused a
significant decrease in plant height, where it
gave the lowest average of 64.12 cm, and the
agricultural medium and nano iron had no
effect. Significant in plant height. the bi-
interaction between the agricultural medium and
gibberlin, showed that the treatments involving
250 ml/ L and sandy loam soil recorded the
highest plant height with an average of 90.85 cm
compared to the rest of the treatments, and the
interaction between agricultural medium and
nano Iron did not show any significant effect in
this traits .As for the interaction between
gibberellin and nano Iron, it showed a
significant effect on this traits, where the highest
plant height reached 94.28 cm at a concentration
of 250 ml/ L of gibberellin and 2 g / L of nano
iron compared to the rest of the concentrations
and by treating 500 ml/ L of gibberellin and 4 g/
L of iron. The nano iron gave the lowest plant
height of 58.81 cm. The triple interaction of
study factors showed that gibberellin at a
concentration of 250 ml/ L with nano iron at a
concentration of 2 g/ L, and both medium had
the highest plant height of 95.44 cm in sandy
loam soil and 93.11 cm in sandy loam soil
compared to all other treatments.
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Table (1) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on plant height (cm) of Moringa seedlings in different agricultural medium.

Nano iron(C)

(mg/L) gibberellic agricultural
agricultural 4 2 0 acid(B) medium(A)
medium AXB
average(A) (c3) (c2) (c)
cb77.62 |c-a7477| "2 7Cg'44 -a 3;8'66 0(mg/L) (bl)
sandy Loam soil
a78.16 29085 | ba881l | a9544 | ba88.09 (b2) (al)
' ' ' ' ' 250(mg/L)
—a70.78 (b3)
d ¢ 66.02 ¢ 60.63 c cb66.66 | o (ma/L)
cb7566 | —@ 7Cz.44 _a 7Cs.77 —a 705.77 0(mg/L) (b1)
SLEE 2 Loamy sand soil
—a . a2
a75.18 b a 87.66 . a93.11 | ba8833 | ., (ma/L) (a2)
(b3)
d 62.22 c57.00 | cb67.00 | c62.66 500(mg/L)
sandy Loam
a 74.50 a81.89 | a78.10 soil (al)
gibberellic
acid CxA
average (B) Loamy sand
a70.33 a79.63 | a75.59 soil (a2)
b 76.64 —b7361 | —a79.11 | -b77.22 0(ma/L) (b1)
e d d
28926 |c-a84.83| a9428 | ba88.66 (b2) CxB
' ' : ' 250(mg/L)
—C68.89 (b3)
c64.12 e 58.81 o e d 64.66 500(mg/L)
Nano iron
a72.42 a80.76 a76.85 average(C)

A = agricultural medium , B = gibberellic acid, C =

nano iron.

The values with similar letters for the single factor or

their

interactions

individually  did

not

differ
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significantly according to the Duncan polynomial test
under the probability level of the 5% probability level.
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2. The percentage of nitrogen in the plant
(%).

Table (2) showed a significant effect of
gibberellin in the percentage of nitrogen content
in leaves, where it gave the highest percentage
of 1.74% when using 250 ml/ L of gibberellin
compared to the lowest concentration of 500 ml/
L of gibberellin, which amounted to 1.25%.
agricultural medium , nano Iron and their
interactions had any significant effect on
nitrogen content. The bi-interaction between the
agricultural medium and gibberellin indicates a
significant increase in the nitrogen content,
which reached 1.76% when using 250 ml/ L of
gibberellin in sandy loam of soil compared to
other combinations and with the lowest
combination of 500 ml / L of gibberellin in both
medium .1t was found that the interaction of 250
ml/ L of gibberellin with 2 g/ L of nano iron
resulted in a significant increase in nitrogen
content, which reached 1.83% compared to the
lowest combination of 1.14% consisting of 500
ml / L of gibberellin with 4 g / L of Nano
iron.The results of the triple interaction between
the study factors show its significant effect on
this traits. When using sandy loam soil with a
concentration of 250 ml / L of gibberellin and 2
g/ L of nano iron achieved a significant increase
of 1.89% compared to the lowest percentage of
1.14% in the combination of 500 mi/ L of
gibberellin with 4 g / L of nan iron in sandy
loam soil and 1.11% in Loamy sand soil.

Table (3) showed that the use of sandy loam
soil had a significant effect on the protein
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content, which gave the highest percentage
9.49% compared to loamy sand soil. As for the
use of gibberellin, it had a significant effect on
the trait, where it recorded the highest
percentage of 10.87% at concentration. 250 ml /
L of gibberellin, compared to other
concentrations, and the lowest percentage of
7.83% when using 500 ml / L of gibberellin, and
nano iron did not have any significant effect on
this trait. The same table showed the significant
effect of the bi-interaction between the media
and gibberellin, where the combination of 250
ml / L of gibberellin and sandy loam soil
achieved the highest protein content, which
reached 11.03% compared to the lowest
percentages when 500 ml / L of gibberellin
interaction in both medium, and that the
interaction of 250 ml/ L of gibberellin with 2 g /
L of nano iron significantly excelled on the
percentage of protein, where it recorded the
highest percentage of 11.43% compared to the
lowest percentage when the combination of 500
ml / L of gibberellin with 4 g / L of nan iron
amounted to 7.15%, The interaction of chelated
iron with the medium had no significant effect
on this trait. The results of the triple interaction
between the study factors show its significant
effect on this trait . When using 250 ml / L of
gibberellin and 2 g / L of nano iron in sandy
loam, a significant increase was reached by
11.84% compared to the lowest percentage of
interaction 500 ml / liter Gibberellin with4 g/ L

of nano iron in sandy loam soils which
amounted to 7.35% and in the same
combination in loamy sand soils which

amounted to 6.94%.
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Table (2) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on the nitrogen content in leaves of Moringa seedlings in different agricultural medium.

Nano
iron(C)
(mg/L) gibberellic | agricultural
agricultural 4 ) 0 acid(B) medium(A)
medium AXB
average(A) (c3) (c2) (c1)
153a-bc | 1.43a-b-c 1'38 & | 156ab-c | 0(mg/L) (bl)
. -C ; sandy Loam
152a 176 a 1'63Ca' | 189a | 176ab 250((b”;§3 L) soil (al)
1.37 a- 500 (mg/L)
1.27¢ 1.18 ¢ oo 1.25 b-c (b3)
147bc | 1ALaD- 1'37 & | 144ab-c | 0(mg/L) (bl)
¢ -C Loamy sand
148a 171 ab 1'63Ca'b' 176ab | 174ab 250&‘?/ L) soil (a2)
1.37 a- 500 (mg/L)
1.24c l11c bec 1.24 b-c (b3)
sandy Loam
_ _ l14la | 1.62a 1.53a soil (al)
gibberellic
acid average Loamy sand AxC
(B) il (a2
1.38a 157 a 147 a soil (a2)
1.42 b-c- | 157a- | 1.50 a-b-c-
150 b dee boc-d d 0 (mg/L) (b1)
174a 163ab- | 1g3, | 175ab | 220(MIL) CxB
c (b2)
1.25¢ 114e | 137C0 | 4054, | S00(MY/L)
e (b3)
Nano iron
140 a 1.59a 1.50 a average(C)

A = agricultural medium , B = gibberellic acid, C = nano iron.

The values with similar letters for the single factor or their interactions individually did not differ significantly
according to the Duncan polynomial test under the probability level of the 5% probability level.

3. The percentage of protein in the leaves (%b).
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Table (3) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on the percentage of protein in the leaves of Moringa seedlings in different agricultural

medium.
Nano
iron(C)
(mg/L) gibberellic | agricultural
agricultural 4 2 0 acid(B) medium(A)
medium AXB
average(A) (c3) (c2) (c))
954ab | 895ab-c | 283D | 978 ahc |0 (mo/L) (b1)
¢ 5 / sandy Loam
9.49 a 11.03a  |1021ab-c| 11.84a | 11.03ab 50((&‘? L) | soil (a1)
791c 735¢ | 898ab- 1 751y | 500(mg/L)
c (b3)
919b-c | 880ab-c | 780D | gogapc | 0myL) (b1)
¢ / Loamy sand
9.22 b 1071ab | 10.21ab-c | 11.03a-b | 10.90 a-b 250((b“2‘? L) | soil (a2)
7.76 ¢ 694c | &98ab- | 706y | 500 (ML)
c (b3)
sandy Loam
8.84 a 10.10 a 9.54 a soil (al)
gibberellic acid
average (B) Loamy sand AxC
8.65a 9.80 a 9.21a soil (a2)
8.87 b-c-d- | 9.84 a-b- | 9.38 a-b-c-
9.36 b 5 o de 0 (mg/L) (b1)
10.87 a 10.21a-b-c | 11.43a | 10.96 a-b 250((b”2‘)9/ L) CxB
783¢ 715¢ | 858d-e | 7.78d-e | 200(MIL)
(b3)
Nano iron
8.74 a 9.95a 9.38a average(C)

A = agricultural medium , B = gibberellic acid, C = nano iron.

The values with similar letters for the single factor or their interactions individually did not differ significantly
according to the Duncan polynomial test under the probability level of the 5% probability level.
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4. The percentage of phosphorous in the
plant (%0).

Table (4) that the use of study factors and
interactions had a significant effect on the
percentage of phosphorus in the leaves, where
sandy loam soil was significantly higher in the
percentage of phosphorus in leaves, which
amounted to 0.63% compared to the lowest
percentage of 0.58 in loamy sand soil and that
the use of 250 ml / L of gibberellin was
significantly excelled on the other treatments,
which amounted to 0.78% compared to the
lowest percentage of 0.41% at the concentration
of 500 ml / L of gibberellin, and it was found
that the use of 2 g / L of nano iron had a
significant effect on these trait where it gave the
highest percentage 0.68% compared to the
concentration of 4 g / L which gave the lowest
percentage of 0.31%. The results of the bi-
interaction in the same table indicate that the
interaction of 250 ml/L of gibberellin with
sandy mixing soil had a significant effect on the
phosphorus percentage, which gave the highest
percentage of 0.81% compared to other
combinations.As for the interaction of the
medium with nano iron, it was found that the
use of 2 g / L of nan iron in sandy loam soil
gave the highest percentage of 0.72% compared
to all other combinations, and that the
interaction of gibberellin and nano iron had a
significant effect on this trait, where it gave the
highest percentage of 0.85. % when 250 ml / L
of gibberellin interaction with 2 g /L of nan iron
compared to other treatments. The triple
interaction of study factors in the same table
showed that the combination of 250 ml / L of
gibberellin with 2 g / L of nano iron and sandy
loam soil had a significant effect on phosphorus
percentage, which reached the highest
percentage of 0.88% compared to other
combinations.
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5. The percentage of potassium in the plant
(%).

Table (5)showed that the use of gibberellin
at a concentration of 250 ml / L led to a
significant increase in the percentage of
potassium in the leaves, which reached the
highest average of 1.42% compared to the
lowest percentage when using the concentration
of 500 ml /L of gibberellin, which reached
0.75%.The spraying (0 and 2) g /liter and nano
iron was excelled which gave the highest
percentage of 1.13% and 1.19%, respectively.
concentration of 4 g /L, significantly excelled on
the lowest percentage of 0.99%. It had no
significantly effect in this trait. The bi-
interaction between gibberellin and the medium
indicated that it had a significant effect on the
potassium percentage, where the use of 250 ml /
L of gibberellin in both medium led to a
significant increase, reaching 1.43% in sandy
loam and reaching 1.41% in loamy sand soil
compared to other combinations, where it was
less the percentage in the combination is 500 ml
/ L of gibberellin and in both medium, There
was an interaction between the nano iron and
the media when spraying 2 g / L of nano iron
was found in both medium, where it reached
1.20% in sandy loam soil and reached 1.18% in
loamy sand soil compared to the lowest average
of 0.96% in the component combination From 4
g/ L in loamy sand soil, The results of the
interaction between gibberellin and chelated
iron showed a significant effect on the
potassium  percentage, which reached a
maximum of 1.43% when 250 ml / L of
gibberellin interaction with no spraying of
chelated iron and 1.46% at 2 g / L of chelated
iron compared to the lowest average of 0.65%.
When 500 ml / L of gibberellin with 4 g /L
chelated iron, The triple interaction in the results
of the same table of study factors showed that
the interaction of 250 ml / L of gibberellin with
2 g/ L of nan iron in both medium gave the
highest average of 1.46% compared to other
combinations.
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Table (4) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on the percentage of phosphorous in leaves of Moringa seedlings in different agricultural

medium.
Nano iron(C)
agricultur (mg/L) gibberellic agr(ijcultural
4 2 0 i medium(A
al medium AXB acid(B) A
average(A) (c3) (c2) (c1)
0.64 ¢ 0.57 0.74 c-d 0.61e-f 0 (mg/L) (b1)
0.8 a 250 (mg/L) sand_y Loam
0.63 a ' 0.76 ¢ 0.88 a 0.78 b (b2) soil (al)
500 (mg/L)
0.44e 031r | 053g 0.47 0 (b3)
0.59 d 0.55 j-g 0.63 e 0.6 f 0 (mg/L) (b1)
0.75 b 250 (mg/L) Loamy sand
0.58 b ' 0.72 d 0.81b 0.73 d (b2) soil (a2)
500 (mg/L)
0.391 03r 0.48 0 0.39u (b3)
sandy Loam
0.55¢ 0.72a 0.62 ¢ soil (al)
gibberellic acid
average (B) Loamy sand AxC
0.52 f 0.64 b 0.57d soil (a2)
0.62b 0.56¢ 0.69¢ 0.61d 0 (mg/L) (bl)
250 (mg/L)
0.78 a 0.74b 0.85a 0.76 b (b2) CxB
. 500 (mg/L)
0.41c 0.31g 0.51f 0.43 (b3)
Nano iron
0.54 ¢ 0.68 a 0.60 b average(C)

A = agricultural medium , B = gibberellic acid, C = nano iron.

The values with similar letters for the single factor or their interactions individually did not differ significantly
according to the Duncan polynomial test under the probability level of the 5% probability level.
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Table (5) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on the percentage of potassium in leaves of Moringa seedlings in different agricultural

medium.
Nano
iron(C)
(mg/L) gibberellic agricultural
agricultural 4 ) 0 acid(B) medium(A)
medium AXB ©3) 2 1
average(A) ) )
117 b 098 a1 13ab | 124abc |0 (mgL) (b)
sandy Loam
112a 143a 137ab | 146a 1.45a 250((&‘?/ D) | soil a1)
084e-f . 500 (mg/L)
0.77 c 0.68 - 0.8e-1-
= . (b3)
b | 0920en | B0 s hed | o (mgiL) (b1)
250 (mg/L) Loamy sand
1.08 a 141a 135a-b | 146a | 14lab (bzg soil (a2)
. 1083 e-f i 500 (mg/L)
0.72c 0.61 . 0.73 e-f—
Tl . (b3)
sandy Loam
1.01 b-c 1.20a 1.16 a-b soil (al1)
gibberellic acid
average (B) Loamy sand AxC
0.96 c 1.18a 1.10 a-b-c soil (a2)
1.14b 095c | 1.28a-b 1.20b 0 (mg/L) (b1)
250 (mg/L)
142 a 1.36 a-b 1.46 a 143 a (b2) CxB
0.75 ¢ 065d |0.84cd| 0.77c-d 500((br2§3’ L)
Nano iron
099 b 1.19a 1.13a average(C)

A = agricultural medium , B = gibberellic acid, C = nano iron.

The values with similar letters for the single factor or their interactions individually did not differ significantly
according to the Duncan polynomial test under the probability level of the 5% probability level.
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6- The percentage of iron in the plant (%6).

The results of the statistical analysis in Table
(6) showed a significant effect on the percentage
of iron in the leaves of the Moringa plant, where
the use of sandy loam soil had a significant
effect, where it gave the highest percentage of
71.30% compared to the loam sand soil, which
gave the lowest percentage of 68.56%, and that
the use of gibberellin at a concentration of 250
ml /L had a significant effect on the percentage
of iron in the leaves, where it reached a
maximum of 84.72%, while the use of the
concentration 500 ml / L caused a significant
decrease in the percentage of iron, which
recorded 57.56%, and it was found that the use
of 4 g/ L of nano iron had an effect Significant
in the percentage of iron, where it reached the
highest average of 74.78% compared to the
control treatment, which gave the lowest
average of 65.83%.The bi-interaction between
the agricultural medium of gibberellin showed
that the treatments involving 250 ml / L and
sandy loam soils recorded the highest
percentage of iron 86.67% compared to the rest
of the combinations, where the lowest
percentage was when 500 ml /L of gibberellin
interaction with both medium. The interaction
between media and nano iron showed a
significant effect on this traits, where it gave the
highest percentage of 76.67% when the
combination of 4 g / L with sandy loam of soil
compared to the lowest percentages when
control treatment in both medium. As for the
interaction between gibberellin and nano iron, it
showed a significant effect on this trait, where
the highest percentage reached 90.83% when the
concentration of 250 ml / L of gibberellin and 4
g / liter of nano iron compared to the rest of the
concentrations was treated with 500 ml / L of
gibberellin and (0 and 2). ) g / L of nano iron,
which gave the lowest percentage (55.83 and
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57.50%), respectively, The triple interaction
significant  of study factors showed that
gibberellin at a concentration of 250 ml / liter
with nano iron at a concentration of 4 g / L of
nan iron in sandy loam gave the highest
percentage of 93.33% compared to other
combinations and the lowest percentage of
55.00% at 500 ml / L of Gibberellin in
interaction with control treatment of nano iron
in loamy sand soils.

7. The percentage of carbohydrates in the
plant (%o).

The results of the statistical analysis in Table
(7) indicate the effect of gibberellin on the
amount of carbohydrates manufactured in the
Moringa plant, which reached a maximum of
18.09% for the plant treated with the control
treatment compared to the lowest average of
17.89% when treated with 500 ml / L of
gibberellin. The reason for the control treatment
of nano iron also had a significant effect on this
trait, which reached the highest average of
18.03% compared to the lowest percentage of
17.94% when treated with a concentration of 2 g
/ L of nan iron, and the medium had no
significant effect in this trait. The bi-interaction
between gibberellin and the medium showed a
significant effect on the amount of
carbohydrates absorbed, where it gave the
highest percentage when compared to both
medium, where it was 18.09% in sandy loam
soil and 18.08% in loamy sand soil. It was
found from the interaction between the nan iron
and the medium that the control treatment in
both medium was significantly excelled to the
other combinations, where it reached 18.04% in
sandy loam and 18.02% in loamy sand
compared to other combinations.
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Table (6) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on the percentage of iron in leaves of Moringa seedlings in different agricultural medium.

Nano
iron(C)
(mg/L) gibberellic | agricultural
agricultural 4 ) 0 acid(B) medium(A)
medium AXB ©3) ©2) 1)
average(A)
68.89 76.67 d-e | 66.67fj | 63.33j-g-0 | ° ({B%L)
250 (mg/L) sandy Loam
71.30 a 86.67 a 93.33a | 86.67 b-c 80.00 d (b2) soil (al)
5833 d 60.00 g-0- | 58.33 o- 56.67 Uor 500 (mg/L)
u-r u-r (b3)
66.11 ¢ 7167e-f | 65.00-g | 61.67j-go-u | ° ({B%L)
Loamy sand
68.56 b 8278b | 8833ab | °MO/°7 | 78334 250&‘?/ D soil (@2)
56.78 d 98670- | pe67ur| ssoor | 200 (MY/L)
u-r (b3)
sandy Loam
76.67a | 70.56 b-c 66.67 d soil (al)
gibberellic acid
average (B) Loamy sand AxC
72.89b | 67.78 c-d 65.00d soil (a2)
67.50 b 7417d | 6583e | 6250¢ 0 ({E%L)
8472 a 90.83a | 84.17b | 79.17c 250((;2?/ L) CxB
57.56 50.33Fj | 5750j | 55.83] 500((b”3‘§1’ L)
Nano iron
74.78 a 69.17 b 65.83 ¢ average(C)

A = agricultural medium , B = gibberellic acid, C = nano iron.

The values with similar letters for the single factor or their interactions individually did not differ significantly
according to the Duncan polynomial test under the probability level of the 5% probability level.
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Table (7) The effect of spraying with different concentrations of chelated nano iron and gibberellic
acid on the carbohydrate ratio of Moringa seedlings in different agricultural medium

Nano
iron(C)
(mg/L) gibberellic | agricultural
agricultural 4 ) 0 acid(B) medium(A)
medium AXB ©3) ©2) 1)
average(A)
18.09 a 1810b | 18.03c | 18.15a 0 ((rE%L) sandy Loam
soil (al)
17.99 a 17.98 b 17'971: d-e- 17'9f6 ©- 1 18.01c-d-e 250((;2;]/ L) | sandy Loam
500 (mg/L) soil (al)
17.90 ¢ 17.88j | 17.86j 17.95 f (b3;9’
18.08 a 18.08 b 18'%2 ¢ | 1814a 0 ({E%L)
250 (mg/L) Loamy sand
17.98 a 17.96 b 17.96e-f | 17.95F | 17.97 d-e-f ©2) soil (a2)
17.88 ¢ 1787) | 1785j | 17.93f 500(%‘?/ L)
sandy Loam
17.99 b 17'%5 ¢ 1804a soil (al)
gibberellic acid AxC
average (B) Loamy sand
17.97b-c | 17.94d 18.02 a soil (a2)
1809 a | 1809ab | 1802¢c | 1815a 0 ({E%L)
17.97 b 17.97 d-e | 17.96e | 17.99 c-d 250((br2§3/ L) CxB
17.89 ¢ 17.88F | 17.85f | 17.94¢ 500((br2§3/ L)
Nano iron
17.98 b 1794 ¢ 18.03 a average(C)

A = agricultural medium , B = gibberellic acid, C = nano iron.

The values with similar letters for the single factor or their interactions individually did not differ significantly
according to the Duncan polynomial test under the probability level of the 5% probability leve.
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Discussion

The results showed that the concentrations of nano
iron, gibberellin and sandy loam and their interaction
had a significant effect on the vegetative and chemical
growth traits of Moringa seedlings, that the use of
sandy loam resulted in a significant increase in all the
studied trait. The reason for this may be due to the
fact that the basis for the use of different agricultural
medium in which millions of microorganisms live that
contribute to supplying the plant with the nutrients
that work to analyze and prepare them to be absorbed
by plants and their growth becomes stronger (18). The
increase in plant height, Table (1), as a result of the
increase in nano iron concentrations from (0-4 mg / L)
is due to the fact that nano iron fertilizers have unique
properties of their high surface area and small minutes
that lead to increased absorption. The interaction of
nano fertilizers affects the ability of Dissolving and
diffusion of nutrients and their provision to plants that
cause an increase in the carbonate metabolism process
(3),The nano iron affects the activity of the enzymes
that participate in the process of carbonic
representation, where iron enters the composition of
Ferredoxin, which acts as a carrier of electrons in the
process of carbon representation that stimulates the
growth of Moringa trees on the condition that the
nanoparticles are added at low concentrations to the
solution ((23), the height of the plant increases Table
(1) When using a concentration of 250 mg / L of
gibberellin, it is due to the main effect of gibberellin
in the softness and expansion of cell walls and then its
elongation, which led to an increase in plant height
(17). The increase in the percentage of nitrogen,
phosphorous and potassium elements in Table (2, 4
and 5) as a result of using nano iron is due to the
effect of adding low concentrations of nano iron in
producing a strong radical group with a high
efficiency in absorbing nutrients from the soil in
addition to the high absorption of nan iron fertilizers
and increasing the area. Surface requirements that
require withdrawal of the nutrients necessary to
complete the process of carbonization (27) and the
results are consistent with (29). For their studies on
the Moringa plant, who proved that increasing the
concentrations of nano iron increases the
concentrations of nutrients in plants. The positive
effect of gibberellin in increasing the concentrations
of some nutrients such as nitrogen, phosphorus and
potassium in Table (2, 4 and 5) compared to the
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control treatment without addition, where the reason
is due to a role Gibberellin increases the rate of
Photosynthesis, stomatal conductivity and
transpiration average, which leads to an increase in
the demand for nutrients from the soil (20). The
increase in protein content in the leaves of Moringa
trees, the treatment with the increase in the
concentration of nano iron, Table (3) is due to the
provision of micro-nutrients such as iron and zinc,
which leads to an increase in the efficiency of
nitrogen use and its absorption from the soil, and then
the increase in the polymerization enzymes that
contribute to protein synthesis (8) ),

Gibberellin has an effective role in encouraging the
pathways of the biosynthesis of free amino acids (33),
which provides the basic requirements for building
proteins, which led to a significant increase in protein
percentage, Table (3) when using gibberellin. In
addition, gibberellin acid activates the polymerase
enzymes that lead to Protein composition (16). That
the use of nano iron led to a significant increase in the
iron content in the leaves, Table (6), due to the
containment of the nano iron chelate compound on the
nano iron at a concentration of 9%, which led to an
increase in the iron content in the leaves. This result
agrees with  (12),The increase in the amount of
absorption with the increase in gibberellin
concentrations is due to the increase in bioactivity in
the leaves, which leads to an increase in the demand
for nutrients, which leads to an increase in the amount
absorbed, due to the additional effect of increasing the
biological reactions leading to the production of
protein and other vital substances (9) and (24). The
decrease in the percentage of carbohydrates in Table
(7) for the use of concentrations (2 and 4 mg / L) of
nano iron is due to the fact that the use of nano iron
led to a significant increase in the element nitrogen
Table (2) and a cycle in the intermediate reactions in
the TCA cycle to make amino acids that form Protein
Table (3), which increased the percentage of
carbohydrates at higher concentrations of nano iron
(7) The accumulation of carbohydrates is one of the
mechanisms of plant adaptation to stress, which plays
an important role in maintaining the reduction in the
osmotic capacity of Cytosol (5). The use of
gibberellin led to a significant decrease in the leaf
carbohydrate content, Table (7) due to the plant
growth regulators like gibberellin, it works to regulate
the biological metabolism in plants, activate the
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transport system, and organize between the source and
the downstream, in order to transfer carbohydrates
from the places of their manufacture to the different
parts of the plant, and this leads to a decrease in the
percentage of carbohydrates in the leaves (26).

References

1. Al-Araji, Jasim Muhammad Alwan and Mona
Hussein Sharif. 2003. The effect of spraying with
iron and gibberellic acid on some traits of
vegetative growth of seedlings of three cultivars of
olives. Research extracted from an MA thesis.

. Al-Tamimi, Ibtihaj Handal. 2006. The use of soil
traits and irrigation water quality in mathematical
modelling to predict product quality and quantity
of date palm, Phoenix dactylifera, cultivars
Halawi. PhD thesis at the College of Agriculture -
University of Basra.

. Al-Khlifawi, Ikhlas Miri Kadhim. 2017. The effect
of nano-iron concentrations, gibberellin and
organic fertilizers on growth, mineral and enzyme
content, and production of the active substance of
Moringa oleifera L., PhD thesis at the University
of Qadisiyah - College of Education - Department
of Life Sciences.

. Al-Zaid Bake, Osama Ibrahim. 2002. Use of
Eucalptus Camaldulensis extract as adhesive for
particleboard. PhD thesis in the College of
Agriculture and Forestry - Department of Forestry
- University of Mosul.

. Acosta-Motos, J. R.; M. F. Ortuno; A. Bernal-
Vicente; P. Diaz-Vivancos; M. J. Sanchez-Blanco
and J. A. Hernandez. 2017. Plant responses to salt
stress: Adaptive mechanisms. Agronomy. 7(18): 1-
38.

. Agrawal, N.; D. K. Minj and K. Rani. 2015.
Estimation of Total carbohydrate present In dry
fruits. Journal of Environmental Science,
Toxicology and Food Technology. 1(6): 24-27.

7. Almodares, A.; M. Jafarinia and M. R. Hadi. 2009.
The effect of nitrogen fertilizer on chemical
composition in corn sweet sorghum. American-
Eurasian J. agric. and environ . Sci.. 6(4): 441-446.

8. Askary, M.; M. R. Amirjani and T. Saberi. 2017.

Comeparison of the effect of namo-iron fertilizer

with iron-chelate on growth parameters and some

471

biochemical properties of Catharanthus roseus.

Journal of Plant Nutration. 40(7): 974-982.

Barker, A. V. and M. L. Stratton. 2015. Iron

Chapter 11. In:Barker, A.V. and Pilbeam, D. J.

(eds): Handbook of Plant Nutrition. Second

Edition. CRS Press Taylor and Francis Group.

London. New York. PP: 339-426.

10. Bremner, J. M. and G. A. Breitenbeck. 1983. A
simple method for determination of ammonium in
semimicro-Kjeldahl analysis of soils and plant
materials using a block digester, Communications
in Soil Science and Plant Analysis. 14(10): 905-
913.

11. Cresser, M. S. and J. W. Parson. 1979. Sulphuric-
perchloric acid digestion of plant material for the
determination of nitrogen, phosphorus, potassium,
calcium and magnesium. Analytica Chimica
Acta.109(2):431-436.

12. Fathi, A.; M. Zahedi and S. Torabian. 2017.
Interaction effect of salinity and nanoparticles
(Fe,O3 and ZnO) on physiological parameters of
Zea mays L. Journal of Plant Nutrition , (In press).
P: 1-11.

13. Handreck, K. and N. Black. 2005. Growing
Media for Ornamental Plants and Turf. 3rd Ed.
University of New South Wales Press Ltd, Sudan,
Australia. Http: li Compost. Wustl. Ed.

14. Hanlon, E. A.. 1998. Elemental determination by
Atomic Absorption Spectrophotometery. Chapter
20. In: Kalra Y. P. (ed): Handbook of Reference
Method for Plant Analysis. First edition. CRC
Press.USA. Pp: 157-164.

15. Hendrawati, I. R. Y.; E. R. Nurhasni;, E. Hefni
and, K. D. Latifak. 2016. The use of Moringa
oleifera seed powder as coagulant to improve the
quality of wastewater and ground water. Earth and
Environmental Science. 31(12033): 1-10.

16. Mahmoody, M. and M. Noori. 2014. Effect of

gibberellic acid on growth and development plants

and its relationship with abiotic  stress.

International Journal of Farming and Allied

Sciences. 3(6): 717-721.

Moore, T. C.. 2001. Biochemical and
physiological of plant hormones. Ferdowsi
production University of Mashhad Iran, 359: 344-
352.

18. Muslat, M. M. and O. H. Mosleh. 2012.
Principles in Organic Farming 1st ed. University of
Anbar. Ministry of Higher Education and
Scientific Research. Irag.

17.



Euphrates Journal of Agriculture Science-12 (2): 456-472 (2020)

Hamza at el.

19. Nalamwar, R. R.; S. D. Raut;, N. D. Khan; Z. H.
Khan and S. M. Mular. 2017. Nutritional
assessment of Moringa oleifera leaves.
International Journal of Applied Research. 3(3):
411-413.

20. Nimir, N. E. A.; G. Zhou, W. Guo; B. M. S. Lu
and Y. Wang. 2017. Effect of foliar application of
GAZ3, Kinetin and Salicylic acid on ions content,
membrane permeability and photosynthesis under
salt stress of sweet sorghum. Canadian Journal of
Plant Science. 97(3): 525-535.

21. Padayachee, B. and H. Baijnath. 2012. An
overview of the medicinal importance of
Moringaceae. J. Med. Plants Res. 6: 5831-5839.

22. Padhi, S.. 2016. Phytochemical studies and
multipurpose use of seed oil of moringa oleifera L.
Journal for Humanity Science and English
Languag. 3(15): 3662-3672.

23. Phogat, N.; S. A. Khan; S. Shankar; A. A.
Ansary; |. Uddin. 2016. Fate of inorganic
nanoparticles in agriculture. Adv. Mater. Lett..
7(1): 3-12.

24. Roger Mead, R. N. C. and A. M. Hasted. 2003.
Statistical  Methods in  Agriculture  and
Experimental Biology Champan. 3* Edi: Hall,
CRC, A CRC Press Co., Washington, D. C.

25. Rorison, I. H.; R. E. Spencer and P. L. Gupta.
1993. Chemical Analysis of Mineral Nutrients In:
Hendry, G.A.E. and Grime, J. P. (eds): Methods in
Comeparative Plant Ecology, Chapman and Hall,
New York. PP: 156-161.

26. Sardoei, A. S.; F. Shahadadi; M. Mojghan
Shahdadneghad and A. F. Imani. 2014. The Effect
of Gibberellic Acid on Reducing Sugar of
Jerusalem Cherry (Solanum pseudocapsicum L.)

472

Plant.  International Journal of Advanced
Biological Research. 2(3): 690-695.

27. Sekhon, B. S.. 2014. Nanotechnology in agri-food
production: an overview. Nanotechology, Science
and Application. 7: 31-53.

28. Singh, A; S. Singh and S. M. Prasad . 2016. Scope
of nanotechnology in crop science: profit or Loss.
Research and Reviews: Journal of Botanical
sciences. 5(1): 1-4.

29. Soliman, A. S.; S. A. El-feky and E. Darwish.
2015.  Alleviation of salt stress on
MoringaPeregrina using foliar application of
nanofertilizers. Journal of Horticulture and
Forestry. 7(2): 36-47.

30. Temminghoff, E. E. J. M. and V. J. G. Houba.
2004. Plant Analysis Procedures. Second Edition.
Kluwer Academic Publishers. Boston. London. pp:
90-179.

31. United States Department of Agriculture
(USDA). 2016 b. Agricultural Research Service.
National Nutrient Database for Standard Reference
Release 28 slightly revised May,2016.

32. United States Department of Agriculture
(USDA). 2016 b. Natural Resources Conservation
Service. Plant Database. Taxonomic Serial 2016.

33. Yang, W.; T. Cai; Y. Ni; Y. Li; J. Guo; D. Peng;
D. Yang; Y. Yin and Z. Wang. 2013.Effects of
exogenous abscisic acid and gibberellic acid on
filling process and nitrogen  metabolism
characteristics in wheat grains. AJCS.. 7(1): 58-65.

34. Yu, S.; S. Lo and T. D. Ho. 2015. Source-Sink
communication: regulated by hormone, nutrient,
and stress cross-signaling. Trends in Plant Science.
20(12): 844-857.



