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ABSTRACT
Keywords: An experiment was conducted at the Research field Station of the Field
salicylic acid, zinc, Crops Department - College of Agriculture - University of Tikrit for the
fertilization, foliar  Winter season of 2023-2024, to study the influence of spraying salicylic
acid and zinc on beans (Vicia faba L.) growth. The factors of the
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o concentration level of 100, and 150 mg L-1 and control treatment. The
Vicia faba L. . : . .
second treatment factor was spraying with zinc at a concentration level of
Received: 100 mg L-1 and the control treatment. The experiment design was applied
1/12/2024 according to the complete randomized block design system with three
Accepted: replicates, and the averages were compared according to Duncan's
10712/2024 multiple-nominal test at a probability level of 0.05. outcomes appear that
Available online: c — : :
31/12/2024 the spray treatments with salicylic acid 100 and 150 mg L-1 did not

significantly different in all studied traits except for the trait of plant height

and leaf area, in which the concentration level exceeded 150 mg L-1, and

reached 3.93 cm, 2252.17 cm2 per plant, respectively. As for the spray
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access article under the  Significantly superior in the traits of plant height, number of branches,

cc by licenses  nymper of leaves, leaf area, and leaf content of chlorophyll, and reached
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censes/by/4.0 49.11 cm, 4.93 branch plant-1, 37.96 leaf plant-1, 2352.44 cm2 plant-1,
® 48.16 spad, respectively. As for the two-way interaction, the spray
@ == treatment with salicylic acid at 150 mg L-1 and the spray treatment with

zinc at 100 mg L-1 were superior. In the traits of plant height, number of
branches, number of leaves and leaf area, and leaf content of chlorophyll,
they reached 52.36 cm, 5.90 branch plant-1, 41.46 leaves plant-1, 2969.00
cm2 plant-1, 51.00 spad respectively, while the lowest averages were
recorded for the control treatment. the interaction between the spray
treatments with salicylic acid and zinc 150 mg L-1 recorded the highest
average for the traits, amounting to 52.63 cm for the Plant height, 2969.00
cm2 for leaf area, and 51.00. SPAD average of chlorophyll, 41.46 leaves
for the number of leaves trait, and 5.90, branch for number of branches per
plant.
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INTRODUCTION:

Bean (Vicia Faba L.) is one of the important crops known to man since ancient times. The
original homeland of the bean is not known precisely, as many scholars disagree about that. Some
of them mentioned that the bean's origin is West Asia, while others mentioned that it is Central
Asia. Its cultivation spread in the third decade before birth in some regions of the Mediterranean.
Bean was an important food crop to the ancient Egyptians, Greeks, Babylonians, and Romans. The
bean crop is considered one of the most important and strategic seed crops in Iraq, and it belongs to
the leguminous family, which is produced inside the green pods It consists of protein,
carbohydrates, and several mineral elements that are characterized by high productivity and in
different percentages depending on the varieties (31.83) % protein, (54.60) % carbohydrates, (3.47)
% ash. (1.24) % fat, (11.96) % fiber. It also contains sugars and many amino acids such as aspartic,
ascorbic, glycine, proline, and others. Beans are used as animal feed in addition to their ability to
Improve soil properties by fixing nitrogen through root nodules in symbiosis with Rhizobium
bacteria (Ray et al., 2015).

Bean plants are affected by several factors, including salinity, humidity, and high and low
temperatures. They are also affected by agricultural factors such as the date and methods of
planting, fertilization, and the planting season. Foliar feeding is one of the most important modern
methods of feeding plants. This is done by spraying liquid fertilizers directly on the leaves, as the
liquid fertilizers are absorbed through the stomata. These fertilizers or the main nutrients can be
added when there is not enough moisture in the upper layers of the leaves. Soil. Recently, this
method has been used as an essential part of crop production (Patil and Chetan, 2018). Salicylic
acid is one of the most important growth regulators derived from phenols and has many functions
that play a role in many physiological processes in plants. It works to regulate growth also involved
in regulating the processes of cellular metabolism, and carbon synthesis in addition to protein
synthesis. It also has an important role. In closing the stomata and gas exchange. It also has a
defensive role in protecting the plant by resisting biotic and abiotic stresses and protecting against
various diseases. It also helps in absorbing nutrients and transporting them within the parts of the
plant (Arif et al., 2020). Rathore et al. (2022) showed in research using spray salicylic acid at three
levels of concentration (100, 150, 200) mg L-1 in addition to Comparative treatment Spraying with
salicylic acid at a concentration of 200 mg L-1 caused a significant increase in the traits of plant
height, number of branches, number of days for 50% of the flowers to open, pod length, pod width,
and number of pods. on the plant and the number of seeds in the soil, which amounted to 98.7 cm,
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5.3 plant branches - 1, 65.3 days, 6.93 cm, 1.18 cm, 72.2 Plant pod-1, 3.57 plant seed-1
respectively, While the lowest averages were in the control treatment and amounted to 92.1 cm, 4.9
plant branches-1, 69.6 days, 6.45 cm, 1.05 cm, 55.6 plant pod-1, 3.0 plant seed-1, respectively.
Many studies have indicated the salicylic influence on plant growth and yield, including those
conducted by Hadayat et al. (2023) Spraying salicylic acid at three levels of concentration (100,
200, 300) mg L-1 to pea plants.

The concentration of 300 mg L-1 had a significant effect on plant height, number of branches,
minimum number of days for flowering, number of pods, total number of seeds, and chlorophyll
content of leaves, which amounted to 71.85 cm. 3.25 plant branch-1, 5.26 days, 11.05 century-1,
55.81 spad, respectively. Atab and others (2023) showed that spraying with salicylic acid at two
concentrations, 100 and 200 mg L-1, affected the physiological and enzymatic properties of three
types of beans. The concentration of 200 mg L-1 significantly improved the chlorophyll content of
the leaves, which reached 24.23 mg, and the seed yield, which amounted to 2.40 plant seeds-1,
compared to the control treatment. Which amounted to 18.03 mg L-1 and 1.56 tons ha, respectively.

Zinc is one of the most important micronutrients necessary for most crops, as it works to
improve the process of photosynthesis and metabolic activity, in addition to its important role in the
formation of the amino acid that forms the hormone indole acetic acid (IAA), which works on
elongation and division. Cells also have a role in increasing the composition of the dry matter
percentage of the plant through the construction of protein and nuclear acids, DNA, and RNA
(Zafar et al., 2020). Many studies have shown the effect of boron on plant growth and yield,
including, for example, Yousefi et al. (2023) in a study to determine the effect of foliar spraying
with zinc on the production of bean seeds (Phaseolus vulgaris L.) and its components, which was
experimented was conducted at the Rice Research Institute in Iran with four concentrations of zinc
(0.2, 0.3, 0.4) % sprayed on the shoots in two stages. Flowering stage and pod formation stage.
Foliar spraying with zinc at concentrations of 0.3 and 0.4% had a significant effect on the traits of
plant height, length of pods, number of seeds per pod, weight of 100 seeds, and total yield as
measured. With a control treatment, Anchra et al. (2024) found from an experiment that the effect
of adding zinc (0.5%) as a spray on the shoots on the growth, yield, and absorption of nutrients in
lentils (Lens Culinaris L.) In semi-humid areas, spraying with zinc caused an increase in the traits
of seed yield to the maximum amounting to (1.76) tons per hectare.

It also caused an increase in the content of nutrients such as nitrogen, phosphorus, potassium,
and zinc in addition. To increase the spray content compared to the treatment Rehman and others
(2024) observed that using zinc to improve lentil yield by foliar spraying at a concentration of
(0.5)% after (50) days and (100) days from Seeds, spraying with zinc after (100) days caused a
significant increase in days to flowering, which reached (110) days, and number of days to
maturity, which reached (159)%, number of nodules on the plant ( 22) The doctrine of plants-1, The
number of branches is (8) branch plant-1, and the height of the plant is (58) cm compared to the
treatment (112) days, (165) days for maturity, (17) plant nodules-1,(4) plant branch-1,(4) cm,
respectively. Therefore, this study aimed to determine the most effective level of salicylic acid
concentration on the vegetative growth traits and yield of beans. Determining the effect of foliar
spraying of zinc on the vegetative and productive traits of beans in gypsum soil.

MATERIALS AND METHODS
1-Location of the experiment: An experiment was carried out at the research field station of the
Field Crops Department at the College of Agriculture - University of Tikrit for the spring
agricultural season 2023-2024 to study the influence of spraying of Salicylic acid and zinc in some
growth traits of beans. Below is a table of the experiment soil analysis.

status Quantity unit

E.C. 2.65 m.s.
pH 7.47
Gypsum 18 %

Lime 23 %



Organic matter 0.8 %

sand 52 %
silt 36 %
clay 12 %
Texture loam -—

2 - Preparing experiment site: The necessary plowing, smoothing, and leveling operations were
carried out for the experiment site, to prepare the land for agriculture, and chemical fertilizers were
added according to recommendations before planting. Three sectors were created according to the
experiment plan, and each sector was divided into 6 Experimental units with four lines, 40 cm
between rows, and the distance between plants was 15 cm. Area of the experimental unit was 2 m2,
then a space of 1 m was left between replication.

3- Seeding of French beans (Morong) was planted during the fall of 2023-2024. They were placed

deep inside the hole (5) cm and each pod contained 2 seeds

4- Crop servicing operations: The servicing process was carried out for the crop by manual hoeing

to get rid of weeds and brush following the recommendations followed in growing beans until all

stages of growth were completed, and irrigation was carried out as needed by using well water.

Operations were also carried out Thinning and patchwork.

Experiment design :

A factorial experiment was conducted according to a randomized complete block design (RCBD)
with three replications and 6 experimental units per sector. Treatments were randomly distributed
among the experimental units in the replications.

Experimental factors: The experiment studied two factors: The first factor was Spraying bean plants

with salicylic acid at two concentrations (100, 150) mg L-1 and the control treatment.The second

factor was spraying zinc at a concentration of (100) mg L-1 and the control treatment. Zinc was
sprayed when two leaves appeared on the plant. And with salicylic acid ten days after.

Studied traits:

1. Plant height (cm): Plant height was calculated from the soil surface level to the growing tip
using a tape measure for five plants from the middle lines of each plant. An experimental unit
and take its average.

2. Leaf area (cm2 of plant-1): The leaf area was calculated according to the Scanner method and
the Imagej program installed on the computer device described by (Sadik et al., 2011), by taking
5 leaves from five plants from the same location on the plant and randomly from the middle
lines of the experimental unit, and the program’s reading rate of the leaves was multiplied the
average number of leaves and the leaf area was extracted.

3. Total chlorophyll content (SPAD). The chlorophyll content of leaves was measured using the
SPAD device. The measurements of 5 leaves of five plants that were taken from the
experimental unit were taken randomly from the middle lines and their average was calculated.

4. Number of leaves (leaf plant-1): The total number of leaves for five plants from each
experimental unit was calculated randomly from the middle lines. The rate was calculated for an
individual plant.

5. Number of branches (branch plant-1): The average trait was calculated by taking five plants
from the experimental unit randomly from the middle lines and their average was calculated.
For a single plant...

Statistical analysis: The studied traits were analyzed by computer using the Statistical Analysis
System (SAS Institute, 1996) program, and the Duncan coefficient test was used at the 0.05
probability level. To test the significant differences between the arithmetic averages of the
transactions



RESULTS AND DISCUSSION:
1- Plant height (cm).

Table (1) The effect of spraying with salicylic acid and zinc on the height of bean plants (cm)
Zinc concentration Concentration of salicylic acid, mg L™

Zinc element average

mg I"* 0 100 150
0 40.13 e 45.36 cd 43.50 d 43.00 b
100 46.13 bc 48.56 b 52.63a 49.11a
Salicylic acid average 43.13b 46.96 a 48.06 a

*Similar letters indicate that there is no significant difference at the 0.05 probability level.

Table (1), it is noted significant differences between the treatments, as the results of the table
indicate that there are significant differences between the spraying treatments with salicylic acid at
the concentration level of 100 mg L-1 and 150 mg L-1 respectively, as the highest average of the
characteristic was recorded at a concentration of 150 mg L-1 amounting to 48.06 cm and 46.96 mg
L-1 For the control treatment, which recorded the lowest average for the trait, 43.13 cm, with a
difference of . The reason for this may be due to the role of salicylic in the process of rapid cell
division and elongation due to the synergism between phenol and auxin, as well as to the effect of
salicylic acid in enhancing chemical reactions as it accelerates the divisions that occur in the apical
part of the shoots. (Hussien et al., 2011). The same table results show that zinc spray treatment at a
concentration level of 100 mg L-1 is significantly superior. The highest average for the trait was
49.11 cm compared to the control treatment, which recorded the lowest average for the
characteristic 43.00 cm, a difference of 14.2%. The reason for this may be attributed to the role of
zinc in improving and increasing the products of the photosynthesis process due to its effect in
activating some enzymes that have an important role in cell division and elongation, as they work to
increase stem height as a result of its role in increasing plant growth regulators (Seifinadergholi,
2011). The statistical analysis table (1) indicates a significant difference in the interaction between
the spray treatments with salicylic acid and zinc at the two concentrations: 150 mg L-1100 mg L-1
It recorded the highest average for the trait, amounting to 52.63 cm, compared to the control
treatment, which recorded the lowest average for the characteristic, 40.13 c¢cm, a difference of
13.14%.

Table (2) The effect of spraying with salicylic acid and zinc on the leaf area (cm?)
Zinc concentration Concentration of salicylic acid, mg L™

Zinc element average

mg It 0 100 150
0 1071.00 e 1255.33 d 1535.33 ¢ 1287.22 b
100 1696.00 ¢ 2392.33 b 2969.00 a 235244 a
Salicylic acid average | 138350¢ 1823.83 b 2252.17 a

*Similar letters indicate that there is no significant difference at the 0.05 probability level.

Table (2) indicate that there is a significant difference between the spraying treatments with
salicylic acid, as the highest average of the characteristic was recorded at the concentration of 150
mg L-1, amounting to 2252.17 cm2. The control treatment recorded the lowest average for the trait,
amounting to 1383.83 cm2, a difference of 62.7%. Salicylic acid has a high ability to improve the
efficiency of the photosynthesis process as a result of stimulating the process of assimilation of
proteins and increasing the efficiency of carbohydrates, which increases the height of the plant and
number of branches, which was reflected positively in increasing the number of leaves and leaf area
(Padmapriya and Chezhiyan, 2002). The reason for the increase in the number of leaves may be due
to the increase in growth and the number of branches, which increased the number of leaves, which
was reflected positively in the increase in the total leaf area. These results are consistent with the
findings of (Teixeira et al., 2004 and Bozorgi et al., 2011), Which was reflected in an increase in
vegetative growth and the role of salicylic acid as an important factor in the processes of
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photosynthesis, respiration, and biochemical and physiological processes combined to increase the
total yield of the plant (Rietra et al., 2017 and Khan et al., 2022). Table (2) indicates that the
spraying treatment with zinc was significantly superior in leaf area (cm2) at the concentration of
100 mg L-1, as the highest average for the trait was recorded at 2352.44 cm2 comparing with the
control treatment which recorded the lowest main of 1287.22 cm2, a difference of 82.75%. The
reason for this may be attributed to the role of zinc in improving plant growth, increasing
carbohydrates and proteins, increasing the delivery of nutrients to all parts of the plant, activating
photo enzymes, transporting absorbed materials, and forming chlorophyll Movahhedy - Dehnavy et
al., (2009). The statistical analysis table indicates that there is a significant difference between
spraying salicylic acid treatments and zinc at a concentration level of 150 mg L-1 and 100 mg  L-
1, the highest average for the characteristic reached 2969.00 cm2 for control treatment, which
reached the lowest average of 1071.00 cm2, a difference of 177.2%.

3- Chlorophyll content in leaves (SPAD)
Table (3): The effect of spraying with salicylic acid and zinc on the chlorophyll content in the

leaves(SPAD).
Zinc concentration Concentration of salicylic acid, mg L™ Zinc element average
mg I 0 100 150 g
0 41.30d 47.20 bc 47.23 bc 45.24 b
100 44.83 ¢ 48.66 ab 51.00 a 48.16 a
SalicyliC acid average 43.06 b 4793 a 49.11b

*Similar letters indicate that there is no significant difference at the 0.05 probability level.

Table (3) regarding the chlorophyll content of leaves indicates that there is a significant
difference between the treatments that were sprayed salicylic with a concentration level of 150 mg
L-1 and 100 mg L-1. It recorded the highest average for the trait, amounting to 49.11 SPAD and
47.93 SPAD, respectively, while the control treatment recorded the lowest average, amounting to
43.06 SPAD, a difference of 14.05. %. These results are consistent with the findings of (Teixeira et
al., 2004 and Bozorgi et al., 2011), The reason may be due to the role of salicylic acid in improving
growth indicators through its role in improving the process of photosynthesis, preserving the
enzymes involved in this process, permeability of plasma membranes, and increasing pigments (Al-
Hilfy, 2017). From the same table, it was found that there was a significant difference between the
treatments, as the spraying treatment with zinc recorded the highest average for the trait at a
concentration of 100 mg L-1. Which amounted to 48.16 SPAD, while the lowest average for the
control transaction was 45.24 SPAD, a difference of 6.45%. Zinc has a role in improving plant
growth, activating photosynthetic enzymes, improving the process of photosynthesis, and
transporting absorbed materials, which increases plant growth and thus the formation and activation
of chlorophyll (Movahhedy - Dehnavy et al., 2009). The statistical analysis table indicates that there
is a significant difference between spraying treatments with salicylic acid and zinc at concentrations
of 150 mg L-1 and 100 mg L-1, as the highest average for the characteristic reached 51.00. SPAD,
while the control treatment recorded the lowest average of 41.30 SPAD, a difference of 23.48%.



4. Number of leaves (leaf plant™)

Table (4) The effect of spraying with salicylic acid and zinc on the number of leaves (leaf plant-1)

Zinc concentration Concentration of salicylic acid, mg L™ Zinc element average
mg I 0 100 150 g
0 31.46d 37.26b 35.20 ¢ 34.64 b
100 33.86 ¢ 38.56 b 41.46 a 37.96 a
Salicylic acid average 32.66 b 3r9la 38.33a

*Similar letters indicate that there is no significant difference at the 0.05 probability level.

Table (4) indicate that there is a significant difference in the number of leaves between the
spray treatments with salicylic acid at concentrations of 100 mg  L-1 and 150 mg L-1. It recorded
the highest average of 38.33 leaf plant-1 and 37.91 leaf plant-1, respectively, which was
significantly superior to the treatment of control, which recorded the lowest average of 32.66
leaves. A difference of 17.36%. As the study of Hussien et al. (2011) indicates Salicylic acid has a
high ability to improve the efficiency of the photosynthesis process as a result of stimulating the
process of assimilation of proteins and increasing the efficiency of carbohydrates, which increases
the height of the plant and the number of branches, which was reflected positively in increasing the
number of leaves and leaf area (Padmapriya and Chezhiyan, 2002).

It is also noted that the results of the statistical analysis of the same table show a significant
difference between the spraying treatments with zinc at the concentration of 100 mg L-1. The
highest average for the trait was recorded at 37.96 leaves, compared to the lowest average for the
control treatment, which amounted to 34.64 leaves, a difference of 9.58%. The statistical analysis
table indicates that there is a significant difference between spraying treatments with salicylic acid
and zinc at concentrations of 150 mg L-1 and 100 mg L-1, as the highest average for the trait was
reached. 41.46 leaves, While the lowest average was recorded for the control treatment, which
amounted to 31.46 leaves -1, a difference of 31.78%. The reason for this may be attributed to a
response to zinc and the role of this element in cell division (Mohsin et al., 2014). Also, increasing
the leaf area, which is associated with an increase in vegetative growth traits, such as plant height
and number of leaves, was reflected in improving the leaf area characteristic. Thus, the number of
seeds in the pod is a result of the role of zinc in improving plant growth, activating photosynthetic
enzymes, transporting absorbed materials, and forming chlorophyll (Movahhedy-dehnavy et al.,
2009).

5- Number of branches (Branch plant™).
Table (5) The effect of spraying with salicylic acid and zinc on the number of branches (Branch plant'l).

Concentration of salicylic acid, mg L™
Zinc concentration mg 1! Zinc element average
0 100 150
0 330¢ 3.70 ¢ 3.50¢ 3.50b
100 3.70 ¢ 520b 590 a 493 a
Salicylic acid average 3.50b 4.45a 4.70 a

*Similar letters indicate that there is no significant difference at the 0.05 probability level.




Table (5) regarding the character of the number of branches indicates a significant difference
between the spraying treatments with salicylic acid, as the highest average of the character was
recorded at the concentration of 150 mg L-1 and 100 mg L-1. It reached 4.70 plant branches and
4.45 branches respectively, while the lowest average for the control treatment amounted to 3.50
plant branches. A difference of 34%.

The results indicate that with spray treatment with salicylic acid at concentrations of 100 and
150 mg L-1, a significant increase was recorded in all vegetative growth traits. The reason may be
due to the role of salicylic acid in the process of rapid cell division and elongation due to the
synergy between phenol and auxin. The same concentrations also caused an increase in the number
of leaves and leaf area, which is directly linked to an increase in plant height. The number of
branches, or perhaps the reason is due to the effect of salicylic acid enhancing chemical reactions
due to its role in accelerating the divisions that occur in the apical part of the shoots (Hussien et al.
(2011), in addition to increasing the rate of photosynthesis and cell division, thus producing many
branches. It also provides nutrients (EI-Shafey et al., 2020 Orabi et al., 2013).

The same table indicates that there are significant differences between the spraying treatments
with zinc, as the highest average was recorded at the concentration of 100 mg L-1 reaching 4.93
branches, while the lowest average was recorded for the treatment in control, it reached 3.50
branches plant-1 a difference of 40.85%. As for the role of the zinc element, the results of the table
indicate an increase in plant height. Table (1) as a result of spraying with the zinc element, which
was reflected in Positively, the increase in the number of branches These results are consistent with
the findings of (Teixeira et al., 2004 and Bozorgi et al., 2011), which were reflected in the increase
in vegetative growth due to its inclusion as an important factor in the processes of photosynthesis,
respiration, and biochemical and physiological processes. Combined, they increase the total yield of
the plant (Rietra et al., 2017. Khan et al., 2022). The statistical analysis table indicates a significant
difference between the spraying treatments with salicylic acid and zinc at the concentrations of 150
mg L-1 and 100 mg L-1, as the highest average for the characteristic was reached. 5.90, branch,
while the lowest average for the trait for the control treatment was 3.30 branch plant-1, a difference
of 78.78%.

CONCLUSIONS

The current study was conducted to determine the influence of salicylic acid and zinc on
growth of bean plants. Leaf area increased with increasing concentrations level of salicylic.
Spraying with zinc has a positive effect on growth traits of beans, plant height, number of leaves,
leaf area, number of branches, and amount of chlorophyll. As for the interaction coefficients, the
interaction coefficients between spraying with salicylic acid level at 150 mg L-1 and zinc spraying
at 100 mg L-1 were significantly higher in all the traits studied. Considering the parameters of
vegetative growth and the amount of chlorophyll from this study, it was concluded that foliar
spraying with salicylic acid and zinc recorded an increase in growth traits of the bean plant while
reducing stress when used intermittently, which is reflected in the vigorous plant growth.
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