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Abstract:

Objectives: Due to the large number of problems with the readiness of some mineral elements in most of the
lands of Iraq due to several factors that limit their movement and readiness, which has a negative impact on
the plants, therefore, researchers have turned to using modern methods and methods for the purpose of
adopting them in supplying plants with the necessary nutrients for continued growth and achieving
productivity. One of these methods is the foliar feeding method, in order to study the effect of foliar spraying
of the elements magnesium and manganese on the growth and productivity of the bean plant (Luz De Otono).
Methods: A field experiment was implemented during the 2022-2023 season in Al-Muthanna Governorate -
Al-Majd district, which is (7 km) north of the governorate, where magnesium was sprayed at four
concentrations: 0, 40, 80 and 120 mg Mg liter-1) of manganese in three concentrations (0, 20 and 40 mg Mn
liter-1). The experiment was applied using a completely randomized block design (R.C.B.D).

Results: The results showed that spraying magnesium at the highest concentration of 120 mg Mg 1-1 led to a
significant effect on plant height and biological yield, with rates of increases reaching 5.95% and 16.84%,
respectively, compared to the comparison treatment, while spraying at a concentration of 80 mg Mg 1-1 had a
significant effect and gave the highest rate of height. Pod and total seed yield, with averages of 20.37 cm and
2.53 tons ha-1 compared to the comparison treatment, which gave the lowest averages of 19.36 cm and 1.97
tons ha-1 for the traits respectively It was noted from the results that increasing the manganese concentration
to 40 mg Mn liter-1 led to a significant increase in plant height, biological yield, and harvest index, as it gave
averages of 60.08 cm, 6.62 tons ha-1, and 40.10% for the traits, respectively, compared to the no-spraying
treatment. The interaction between magnesium and manganese had a significant effect on plant height, as the
combination of the highest concentration of magnesium with manganese (Mg3 x Mn2) gave average of 63.08
cm.

Conclusions: Spraying with the highest concentration of magnesium resulted in a significant improvement
in physiological traits.
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1 Introduction

Faba bean (Vicia faba L.) is a winter crop from the
legume family Fabaceae. Their importance is due to
their important effect in fixing atmospheric
nitrogen, which contributes to improving soil
properties and also interferes with the agricultural
effects of crops, especially in desolate areas (Abbas,
2012). The cultivated area of beans in Iraq reached
125 thousand hectares, with a productivity of 4,000
kg ha-1 (Central Bureau of Statistics, 2016).Due to
the many problems with the readiness of some
mineral elements in most of the lands of Iraq due to
several factors that limit their movement and
readiness, including the high degree of soil
interaction or competition and interference
between ions, which led to a decrease in the
activities of positive and negative ions that benefit
the growing plant, which negatively affected the
plant, therefore researchers turned to Using
modern methods and methods for the purpose of
adopting them in supplying plants with the
necessary nutrients for continued growth and
achieving productivity, and one of these methods is
the foliar feeding method (Al-Janabi, 2016).

Foliar feeding is one of the most efficient, good
and economical methods for treating nutrient
deficiencies. Its efficiency increases by 8-20 times
compared to ground fertilization, especially with
microelements (Wittner, 1999). Magnesium is
important in the synthesis of chlorophyll, as it is the
center of the chlorophyll molecule, and it has a
major effect in many physiological processes of the
plant, as it participates in the formation of the bark,
affects the manufacture of proteins and the
formation of chromosomes, and is important in
activating many enzymes such as (AMP
Pyrophosphorylase, Hexokinase, and Glucokinase)
(Verbruggen and Hermans, 2013 and Qader, 2019).
Thalooth and others (2006) found in their
experiment conducted in Egypt on the mung crop,
in which two concentrations were used (0 and 50
mg Mg 1-1), that spraying magnesium at a
concentration of 50 mg Mg 1-1 had a significant
effect and gave the highest averages in plant height,
number of branches, and area. The foliage reached
(68.50 cm), (3.00 plant branches-1), and (838.64 cm2)
compared to the non-spraying treatment, which
gave the lowest averages of (67.50 cm), (2.75 plant
branches-1), and (834.35 cm2) for the traits,
respectively. Manganese also that participate in the
process of respiration and the assimilation of amino
acids. It is important in the liberation of oxygen in
the process of photosynthesis and a number of
Krebs-effect enzymes. It also has an important
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effect in the electron transfer system in the process
of photosynthesis because it participates in
oxidation reactions and Reduction (Ali, 2012).

2 Materials and Methods

A field experiment was implemented during the
winter season (2022/2023), on land belonging to a
farmer in the governorate, in order to study the role
of magnesium and manganese of the bean crop. The
factorial experiment was carried out according to
the split-plate arrangement and wusing a
randomized complete block design (R.C.B.D) with
three replications. The process of plowing,
smoothing and leveling was carried out. The
experimental land was divided according to the
design used into experimental units. The area of the
experimental  unit was  (3x3=9m). Each
experimental unit contained four lawns. The length
of the meadow is 3 m. The seeds were planted on
October 17 (Al-Taher et al., 2014) using a Spanish
variety (Luz De Otono) on the meadow, the
distance between one meadow and another is 75 cm
and between one hole and another is 25 cm, by
placing two seeds in each hole, and after two weeks
of planting, the grafting process was carried out.
The fertilization process was carried out using urea
fertilizer (46% N) as a source of nitrogen at a rate of
80 kg N ha-1 in two batches, the first two weeks
after emergence and the second batch was added a
month after the first batch. As for potassium
fertilizer, it was added at a rate of 80 kg K ha-1 in
the form of potassium sulfate. (K%42) in one batch
at planting (Al-Abdi, 2011), and phosphorus was
added at a rate of 80 kg P-1 in the form of triple
superphosphate fertilizer (P%21) and in one batch
at planting (Hadhaili and Al-Hassani, 2014).
Irrigation and weeding whenever necessary.
Magnesium was sprayed in two batches, the first a
month after planting, while the second batch was
sprayed at the beginning of flowering. As for
manganese, it was sprayed when the field reached
50% flowering. The spraying process was done
early in the morning using a 16-litre backpack
sprayer.

Random samples were taken from the
experimental land and from of (0-30) cm. Some
chemical and physical analyzes were carried out on
them before planting the field, as in (Table 1).
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Table 1: Some physical and chemical characteristics of the experimental field

Trait Value Unit
pH 7.82
E.C (1:1) 430 des m-!
Available N 28.00 mg kg soil 1
Available P 9.8
Available K 195
Available Mg 180
Available Mn 1.17
Clay 15.68
Soil articulations Silt 73.52 g kgt
Sand 10.80
Soil texture Silty Loam

Studied traits:

1-Plant height (cm): Five plants were randomly
selected for each experimental unit from the two
middle plots, and their height was measured
using a graduated ruler from the base of the
plant at the soil surface to the highest leaf on the
plant when the plant reached maturity.

2-The number of branches in the plant (plant
branch —1): It represents an average of ten plants
taken randomly from the two middle gardens
for each experimental unit at the maturity stage.
3- Leaves content of total chlorophyll: The total
chlorophyll pigment was estimated at the
beginning of pod formation by weighing 0.5
grams of fresh leaves that were taken randomly
from the fifth leaf (the leaf that faces the opposite
direction to the sun). They were chosen from the
middle for each
experimental unit, and then they were crushed
with 10 ml of acetone, 80% concentration, to
extract the dye. Then the volume was increased
to 20 ml using distilled water, after which the
chlorophyll pigment was estimated using a
spectrophotometer at wavelengths of (663) and
(645) nanometers, and then the total chlorophyll
concentration was calculated according to the

two leaves randomly

following equation (Goodwin, 1976):

Total Chlorophyll (mg/L) = {20.2 (O.D645)} +
{8.02 (O.D 663)].

4-Pod length (cm): It represents the average
length of ten pods chosen randomly from the
five plants harvested from the two middle
gardens of each experimental unit, as measured
at the maturity stage using a tape measure.

5- Bioyield (ton ha-1): It represents plants taken
randomly when all parts of the plant above the
soil surface were dry, from the two middle sizes,
as it was calculated at the stage of complete
maturity and converted to tons ha-1.

6- Harvest index (%): According to the harvest
guide according to the following equation
(Hassanin, 2020):

Harvest index (%) = economic yield (ton ha-1) /
biological yield (ton ha-1) x 100

Statistical analysis: The data were analyzed
according to the design used in the experiment,
and by using the GenStat analysis program, the
arithmetic means were compared according to
the L.S.D test under the probability level of 0.05
(Al-Rawi and Khalafallah, 2000).

3 Results and Discussion

e Plant height (cm)

It was noted from Table (2) that there was a
significant increase in plant height with increasing
magnesium  concentration, as the fourth
concentration, Mg3, gave average, amounting to
60.30 cm, compared to the spraying treatment with
distilled water only (Mg0), which gave the lowest
average, amounting to 56.91 cm. This may be due
to the increase in height. The plant with an increase
in the concentration of magnesium in the spray
solution indicates a significant and direct effect of
magnesium on many biological and physiological
processes in the plant, by increasing the efficiency
of
indicators, including plant height. This result
agreed with what was reached by (Yeboah et al,,
2021) who showed that spraying with magnesium
led to an increase in plant height. It is also clear
from Table (2) that spraying the bean crop with
manganese led to a significant increase in plant
height, as the third concentration of manganese
(Mn2) gave the highest average of 60.08 cm
compared to the comparison treatment (MnO),
which gave the lowest average of 56.80 cm. This
may be due to The reason for the increase in plant
height when sprayed with manganese is the effect

photosynthesis and improving growth
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of manganese, the assimilation of amino acids, and
the release of oxygen in the process of
photosynthesis, which leads to an increase in
photosynthesis in the plant and thus an increase in
crop growth, which is reflected in the height of the
plant (on et al., 2014). As the results of (Table 2)
showed, the effect of the interaction between
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magnesium and manganese had a significant effect
on plant height, as the combination of the highest
concentration of magnesium with manganese (Mg3
x Mn2) gave the highest average of 63.08 cm, while
the combination (Mgl x Mn0) gave the lowest
average for this characteristic was 52.00 cm.

Table 2: Effect of spraying with magnesium and manganese and their interaction on plant height (cm)

Magnesium Mgo Mg Mg Mgs Average Mn
Manganese
Mno 54.33 52.00 61.83 59.04 56.80
Mnu1 57.56 61.00 55.67 58.78 58.25
Mn2 58.83 60.67 57.75 63.08 60.08
Average Mg 56.91 57.89 58.42 60.30
L.S.D (0.05) Mg Mn Mg x Mn
1.315 2.388 2.721

e Number of branches in the plant (branch plant -1)

The results of (Table 3) indicated that there were no
significant differences when spraying with

magnesium and manganese and their interaction in
the number of branches in the plant.

Table 3: The effect of spraying with magnesium and manganese and their interaction on the number of branches in the
plant (plant branch-1)

Magnesium Mgo Mg Mg: Mgs Average Mn
Manganese
Mno 4.66 4.56 4.90 423 4.59
Mni 4.56 4.76 4.56 4.96 4.71
Mn2 5.66 4.90 5.20 5.33 5.27
Average Mg 4.96 4.74 4.88 4.84
L.S.D (0.05) Mg Mn Mg x Mn
N.S N.S N.S

¢ Leaves content of total chlorophyll (mg 100g-1)
Table 4 showed that there were significant
differences when spraying with magnesium in this
characteristic, as the third concentration, Mg2, gave
the highest average of 36.57 mg 100 g-1, which did
not differ significantly from the fourth
concentration, Mg3, which gave an average of 36.54
mg 100 g-1. In contrast, the comparison treatment
gave Mg0 the lowest mean of 22.81 mg 100 g-1. The
increase in the chlorophyll content of the leaves
may be because spraying with magnesium led to an

increase in chlorophyll (a) (Table 2), which led to an
increase in total chlorophyll. Among them are the
essential enzymes responsible for building and
forming the chlorophyll molecule, which
contributed to increasing the chlorophyll content in
the leaves (Al-Hasany et al., 2019), (Alsultan and
Alhasany, 2023), and this result agreed with
(Yeboah et al.,, 2021) who showed that spraying
with magnesium led to an increase in the

chlorophyll content in the leaves.

Table (4): The role of spraying with magnesium and manganese and their interaction in total chlorophyll (mg 100 g-1)

Magnesium Mg0 Mgl Mg2 Mg3 Average Mn
Manganese

MnO 18.02 32.17 34.47 39.63 31.07

Mnl 23.08 28.93 38.98 31.71 30.67

Mn2 27.34 29.38 36.25 38.28 32.81

Average Mg 22.81 30.16 36.57 36.54

L.S.D (0.05) Mg Mn Mg x Mn

4.88 N.S N.S
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¢ Pod length (cm)

The results shown in (Table 5) indicate that the
third concentration (Mg2) was significantly
superior to the rest of the concentrations and gave
the highest average of 20.37 cm, which did not
differ significantly from the fourth concentration
(Mg3) which gave an average of 20.24 cm, while the
comparison treatment gave the lowest average. It
reached 19.36 cm. The reason for the increase may
be attributed to the direct effect of magnesium in
the synthesis of chlorophyll, which led to an
increase in the chlorophyll content in the leaves and
the activation of many enzymes. Thus, it
contributes to the process of photosynthesis, and
increasing the products of this process leads to an
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increase in the vegetative growth of the plant. This
result is consistent with (Al-Jabri, 2020).

The results of (Table 5) also show the
significant effect of the interaction between the two
study factors, as the combination (Mn2 x Mgl),
represented by the second concentration of
magnesium Mgl with the concentration of
manganese Mn2, gave the highest average in length
of the pod, reaching 2190 cm, while the
combination (Mgl x Mn0) gave Represented by the
second concentration of magnesium, Mg1, with the
comparison treatment of manganese, Mn0, lowest
average reached 18.33 cm.

Table (5): Effect of spraying with magnesium and manganese and their interaction on pod length (cm)

Magnesium Mg0 Mgl Mg2 Mg3 Average Mn

Manganese

MnO 18.60 18.33 20.27 20.27 19.37

Mnl1 19.90 18.77 19.77 20.17 19.65

Mn2 19.58 21.90 21.07 20.30 20.71

Average Mg 19.36 19.67 20.37 20.24

L.S.D (0.05) Mg Mn Mg x Mn
0.722 N.S 1.454

e Bioyield (t ha-1)

It was clear from the results of (Table 6) that there
was a significant effect of magnesium. The fourth
concentration exceeded Mg3 and gave the highest
rate of biological yield, amounting to 6.59 tons ha-
1, which did not differ significantly from the third
concentration, Mg2, which gave an average of 6.41
tons ha-1, with an increase rate of 16.84. % and
13.65% compared to the comparison treatment,
which gave the lowest rate of 5.64 tons ha-1. This
result agreed with (Thalooth et al, 2006) who
showed that spraying with magnesium led to an
increase in biological yield. It was also noted from
the results of (Table 6) that there was a significant
increase in the biological yield with an increase in

the concentration of manganese, as the highest
concentration of manganese Mn2 recorded the
highest average biological yield of 6.62 tons ha-1,
with an increase rate of 27.43% compared to the no-
spraying treatment, which gave the lowest average
for this characteristic. It reached 5.19 tons ha-1, and
the reason for the superior Mn2 concentration may
be due to an increase in plant height (Table 2). As
happened A significant effect of the interaction
between magnesium and manganese, as the highest
concentration of magnesium Mg3 with the
concentration Mn1, represented by the combination
(Mg3 The lowest average for this characteristic was
4.69 tons ha-1 (Table 6).

Table (6): Effect of spraying with magnesium and manganese and their interaction on biological yield (tons ha-1)

Magnesium Mg0 Mgl Mg2 Mg3 Average Mn

Manganese

Mn0O 4.77 4.95 5.68 5.37 5.19

Mnl 6.12 4.69 6.11 8.92 6.46

Mn2 6.02 7.50 7.45 549 6.62

Average Mg 5.64 571 6.41 6.59

L.S.D (0.05) Mg Mn Mg x Mn
0.738 0.573 1.175

e Harvest index(%)

The results in (Table 7) indicated that there was a
significant effect when spraying with manganese,
as the third concentration, Mn2, gave the highest

average, amounting to 40.10%, compared to the
first two concentrations, Mn0, and the second, Mn1,
which gave the lowest averages, amounting to
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36.40% and 33.10%, respectively. The reason for the
increase in harvest index may be due to the
superiority of the higher concentration of
manganese Mn2 in the total seed yield, as well as its
superiority in the biological yield (Table 6), which
led to an increase in the harvest index, this result
agreed with what was reached by (Alsultan and
Alhasany, 2023). The results also showed the
significant effect of the interaction between the two
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study factors, the combination (Mgl x Mn1) gave
the highest average of 47.10%, which did not differ
significantly from the two combinations (Mg2 x
Mn2) and (Mg3 x Mn2), which gave averages of
44.00% and 46.90%, respectively, while the
combination (Mg3 x Mnl, represented by the
highest concentration of magnesium Mg3 with the
second concentration of manganese Mn1, gave the
lowest average of 22.30%.

Table (7): Effect of spraying with magnesium and manganese and their interaction on harvest index (%)

Magnesium Mg0 Mgl Mg2 Mg3 Average Mn

Manganese

Mno0 43.60 28.10 41.60 32.30 36.40

Mnl 29.00 47.10 33.90 22.30 33.10

Mn2 34.20 35.10 44.00 46.90 40.10

Average Mg 35.60 36.80 39.80 33.80

L.S.D (0.05) Mg Mn Mg x Mn
N.S 3.57 9.63

4 Discussion

Increasing plant height with increasing the
concentration of magnesium in the spray solution
indicates the significant and direct role of
magnesium in many biological and physiological
processes in the plant, by increasing the efficiency
of photosynthesis and improving growth
indicators, including plant height. This result
agreed with what was reached by (Al-Jabri, 2020

5 Conclusions
o We suggest conducting further experiments
with manganese spraying at concentrations
higher than 40 mg Mn liter-1.
¢ We suggest conducting future studies of the
studied factors on different varieties of
beans and other crops.
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