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ABSTRACT

This research was conducted on October 26, 2023, in the open field of the Biology Department, Faculty of Science
and Health, Koya University, Kurdistan Region-Irag. The experiment with randomized complete design (C.R.D) with
three replications. The objective of the present study was to investigate the effect of cadmium chloride (CdCl) applied
to soil at concentrations of four levels (0, 5, 25, and 50 mgekg™) on the seed performance, growth traits, and the
physiological and biochemical traits of fava bean. The results showed that cadmium (Cd) contamination had no
significant effect on seed performance. However, vegetative growth properties, including plant height, stem diameter,
leaf area, and the percentage of nodule dry matter, decreased as Cd concentrations increased. Interestingly, a low Cd
concentration (15 mg-kg™) slightly improved morphological growth, whereas a higher concentration (150 mg-kg™)
significantly reduced these traits. The number of nodules per plant also decreased with increasing Cd levels (15, 75,
and 150 mg-kg™) compared to the control. In contrast, cadmium (Cd) application had no significant effect on leaf
number, root length, root diameter, or the dry matter of both shoots and roots. Regarding physiological and biochemical
traits, cadmium (Cd) contamination had no significant impact on chlorophyll a, chlorophyll b, peroxide levels, ascorbic
acid, total proline, or total carbohydrates. The concentrations of Cd did not significantly alter the leaf content of
photosynthetic pigments or the activity of certain enzymatic and non-enzymatic antioxidants. However, catalase
enzyme activity and total carotenoid levels significantly increased at 15 mg-kg™ compared to other treatments.
Furthermore, cadmium exposure had no significant effect on stomatal traits, including stomatal number, length, and
width on both the adaxial and abaxial surfaces of Vicia faba plants. These findings suggest that while low Cd
concentrations may have minimal or slightly beneficial effects on some growth traits, higher Cd levels negatively impact
key growth and biochemical parameters in fava beans.
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INTRODUCTION

Fava bean (Vicia faba) is a useful plant from the legume family (Fabaceae) that can grow in different climates
worldwide [1]. It is widely grown in places like the Mediterranean, China, Africa, Europe, the Middle East and Asia. Fava
beans are an important food for both people and animals. Because they are nutritious and easy to grow, they help support
farming and food supply in many regions. When used in crop rotation or intercropped with cereals, fava beans offer several
agronomic, economic and environmental benefits. They help reduce the need for inorganic fertilizers in subsequent crops
by enriching soil fertility through biological nitrogen fixation. Additionally, they improve plant yields and disrupt cycles
of diseases and pests, making them a valuable component of sustainable farming systems. Fava beans also play a
physiological role as a precursor for dopamine, a key neurotransmitter [2]. Fava beans are rich in protein, carbohydrates,
minerals, vitamins, and other beneficial plant compounds. Although, they also contain certain anti-nutritional compounds
that may affect digestibility and nutrient absorption [3].

Many cities worldwide have conducted extensive studies on soil pollutants. However, in developing countries, there
is relatively little focus on this issue. In this region, soil pollution levels are particularly high, especially due to cadmium,
lead, zinc, copper, and polycyclic aromatic hydrocarbons (XPAH), which are commonly found in roadside, commercial,
and industrial areas [4]. Cadmium (Cd) is not needed by plants, and its effects on plant growth are not well understood [5].
The National Food Safety Standard sets the maximum safe Cd level for leafy vegetables at 0.2 mgekg™ * (fresh weight).
To keep food safe, it is important to check Cd levels in different soils. Research shows that Cd levels in soils can range
from 0.12 to 1.7 mgekg™ * [6]. Plants growing in Cd-contaminated soil absorb this metal, leading to its buildup in edible
parts, which can enter the food chain [7]. Cd is highly toxic to crops and can harm both human and animal health [8]. As a
common environmental pollutant, Cd threatens farming and food safety [9]. Monitoring Cd levels in soil is essential to
reduce its harmful effects on plants, people, and the environment. Increased concentrations of cadmium (Cd), like other
stress factors, often result in symptoms of plant sensitivity and toxicity. One major effect of Cd toxicity in plants is that it
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stops roots from growing properly, which affects overall plant growth [10]. Cd also increases harmful molecules called
reactive oxygen species, causing oxidative stress. This damages cell membranes, reduces the activity of protective
enzymes, decreases plant size, and lowers crop quality [11]. The aim of this study is to examine the effects of cadmium
(Cd), as a soil pollutant and heavy metal, on the seed performance, as well as morphological, physiological, and
biochemical properties of Vicia faba in Koya-Kurdistan region, Irag.

MATERIALS AND METHODS

2.1. Plant Materials and Field Experiment

The experiment was conducted on October 26, 2023, in the open field of the Biology Department, Faculty of Science and
Health, Koya University, Kurdistan Region-Iraq, located at 360 N, 440 E and 570m of altitude above sea level. The
experiment with randomized complete design (C.R.D) with three replications for each treatment. The study investigated
the effects of cadmium chloride (CdCl, ) applied to soil at concentrations of four levels (0, 5, 25, and 50 mg-kg™~ *) on the
growth of fava bean (Vicia faba). Each experimental unit consisted of 9 polyethylene bags for planting.

2.2. Preparation of cadmium concentrations and planting seeds

Cadmium chloride monohydrate (CdCl, -H, O, purity > 99%, Thomas Baker, India) was used to induce stress was
used to prepare the concentrations as 5, 25, and 50 mg.kg™.

Healthy legume seeds were purchased from the market in Koya city. The seeds were soaked in tap water at room
temperature for 24 hours, following the method described by [12]. On October 26", 2023, the seeds were planted at a depth
of 2.5 cm in black polyethylene bags (10x10x30 cm), each filled with 3 kg of loamy soil. The soil was thoroughly mixed
with the required concentrations of cadmium chloride (CdCl, ), denoted as Cd0, Cd15, Cd75, and Cd150, representing O,
15, 75, and 150 mgekg™ * of cadmium respectively. The bags were watered as needed with tap water to maintain uniform
soil moisture (Figure 2.1).
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Fig 2.1. Fava bean plants three months aged.

2.3 Meteorological Data

Table 2.1 shows the maximum and minimum temperatures, relative humidity, and rainfall amounts recorded during
the growing season in the open field. These data were collected by the Agro-Meteorological Station in Koya

Table 2.1: Maximum and Minimum Temperature, Relative Humidity, and Rainfall During the Growing Season of Vicia

faba.
Month Air Temp. C° Relative Humidity% .
(2023-2024) Maximum Minimum Maximum Minimum Rein fall (mm)

October 29.484 19.613 42.968 33.677 7
November 23.100 13.419 63.806 52.516 145.8
December 19.226 10.161 66.613 56.742 97.9
January 16.097 8.032 77.419 66.032 101.1
February 15.655 7.897 66.379 56.483 146.1
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2.4. Studied Traits

2.4.1. Germination percentage (%) and velocity (Days)
[13] described seed germination (G) formula, as shown below:

L
G(%) = 5+ 100

G (%) = Germination percentage
L = Total number of emerged seedlings
S = Number of planted seeds

[14] designed a formula of velocity of germination as following:
n

n
M(days) = Z NG/ ) G
=1 i=1
Where:
M: Velocity of germination (in days)
G: Number of seedlings that emerged on the observation day
N: Number of the days from sowing to the day of observation
The following parameters were measured for V. faba plants in February 2024, three months after seed germination:
2.4.2. Vegetative Growth
Plant height (cm), Number of leaves plant*, Stem diameter (cm), Length of main root (cm), Root diameter (cm),
Fresh weight of shoot (g), Dry weight of shoot (g), Fresh weight of root (g), Dry weight of root (g), Shoot dry matter
(%), Root dry matter (%), Number of nodules plant?, Fresh weight of nodules (g), Dry weight of nodules (g),
Nodule dry matter (%), as described by [15]. Leaf area (cm?) as described by [16].

2.4.3 Physiological and biochemical traits of Fava bean (V. faba):

3@ and 4™ fully grown leaves were collected 97 days after seed germination to make the following estimations:

2.4.3.1 Estimation of Photosynthetic Pigment Content: The content of chlorophyll a, chlorophyll b, and total carotenoids
(mg/g fresh weight) was estimated using the method described by [17].

2.4.3.2. Extraction and activity of enzymatic antioxidants: The extracts were prepared to analysis by [18].
2.4.3.2.1 Peroxidase (POD) Enzyme Activity (ug-g~ 1): The activity of the POD (peroxidase) enzyme was determined using
the method described by [19].

2.4.3.2.2 Catalase (CAT) Enzyme Activity (ug-g™ 1)

The activity of the CAT (Catalase) enzyme was estimated using a UV-VIS spectrophotometer, following the method outlined
by [20].

2.4.3.3 Extraction of non-enzymatic antioxidants:

2.4.3.3. 1 Ascorbic acid (AsA) content (gL?) as described by [21].

2.4.3.3.2 Total Proline (TPr) Content (ug-ml™ 1)

The concentration of proline in fresh leaves was estimated using the method described by [22].

2.4.3.3.3 Total Carbohydrates (TCHO) (%)
The total carbohydrate content was determined as described by [23].

2.4.3.4 Determination of Stomata Traits
Stomata traits, including number of stomata, as well as length and width of the stomata, were determined following the
method outlined by [24].

2.5 Statistical Analysis

The experiment was conducted using a completely randomized design (C.R.D), with cadmium (Cd) concentrations as the
factor. Nine polyethylene bags were used as one experimental unit, with three replications for each treatment. Treatment
means were compared using the analysis of variance (ANOVA), performed with statistical program SAS version 9.1.
Duncan's multiple range test (o < 0.05) was applied to compare the treatment means [25].

Results and Discussions
Effects of Cadmium on the Seed Performance, Vegetative Growth and Nodules of Vicia faba

The results of table 3.1 show that Cd application to the soil non - significant effects on seeds performance and some
morphological traits of V. faba. Regarding vegetative growth and nodules, Cd application significantly increased plant height,
stem diameter, plant leaf area, and the percentage of nodule dry matter at the 15 mg-kg~ ! treatment compared to the control
and other treatments. However, it had no significant effect on the number of plant leaves, root length, root diameter, or the
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percentage of the shoot and root dry matter. In contrast, the number of nodules per plant decreased with increasing Cd
concentrations. The highest values for plant height, stem diameter, plant leaf area, and the percentage of the nodule dry matter
were observed at the 15 mg-kg™ * Cd treatment (41.667 cm, 4.708 cm, 14.359 cm?, and 9.597%, respectively), while the
lowest values were recorded at the 150 mg-kg~ * Cd concentration (30.083 cm, 2.867 cm, 12.146 cm?, and 5.597%,
respectively). With regard to the nodules number of plants there were significant between all Cd treatments. The lowest values
were observed in the 15, 75, and 150 mg-kg™ 1 treatments (27.00, 26.00, and 26.33), as shown in Table 3.1.

The results show that plants exposed to heavy metal (HM) stress had reduced growth compared to healthy plants. This

decline is likely due to high heavy metal levels in the soil, which block nutrient absorption and stunt growth. Cadmium (Cd)
is not needed for plant growth, and once absorbed, it can cause genetic, biochemical, and physiological changes that weaken
plants. Root structure is important for water absorption, and Cd stress can damage roots, further affecting plant health [26].
The first line of defense against stress is the plant’s cell walls and membranes, but once Cd builds up inside, it causes various
toxic effects. This leads to the activation of complex biochemical pathways within the cell, along with the transcriptional
regulation of Cd-responsive genes. These genes play a role in antioxidant defense mechanisms, metal tolerance, accumulation,
transport, Cd binding for detoxification, and maintaining Cd cellular homeostasis [27]. As cadmium concentrations in the
growth medium increase, its accumulation in the plant roots and shoots also rises. However, studies indicate that in lettuce
plants, the Cd concentration in the roots is nearly twice as high as in the shoots [28]. Heavy metals require special attention
due to their toxicity when exceeding natural levels, posing a serious threat to both plant and animal life. One of the major
challenges for plant survival is pollutant absorption and metabolism from the environment. Plants absorb pollutants from the
air and soil, playing a crucial role in air filtration by removing contaminants from industrial emissions. Additionally, plants
serve as vital bio indicators of air quality [29]. These Findings align with previous studies, which also highlight the detrimental
effects of Cd on plant physiology and its role in environmental pollution.
As shown in Figure 3.1, the nodules in Vicia faba were primarily distributed on the secondary roots. Rhizobia residing inside
these nodules play a crucial role in nitrogen fixation, converting atmospheric nitrogen (N, ) into ammonia (NHs ), which
serves as an essential nitrogen source for legumes. The observed increase in the percentage of nodule dry matter in V. faba
may be attributed to the presence of certain rhizobial strains resistant to heavy metals, which can enhance plant growth even
under heavy metal stress conditions. Rhizobial strains, such as Rhizobium leguminosarum bv V.faba exhibit high levels of
resistance to heavy metals (e.g., Ni, Cd, Zn). These bacteria can protect themselves by pumping metal ions out of the cell,
converting them to less toxic forms, and sequestering them inside the cell [30].

3.1. Effects of Cadmium on the Seed Performance, Vegetative Growth and Nodules of V. faba

Germination Plant  Plant Shoot Root  Root Nodules
— Plant  Stem Root . Plants
Treatme Velocit . . Leaves Leaf Dry diamet Dry
Heigh diamete Length Nodules
nts Percent (%) y t(cm) r(cm) Numbe Area Matter (cm) Matter Number Matter
(Day9 roCem) o) cm) (%) %)
cdo 40867 53000a 324170 2% gg17a 140234 11967 19083 2278 10883 4, 5000 5917p
a a ab ab ab b
Cd 15 53':33 26.167a 41.667a 4'76108 11.867 a 14.359 a 13';27 20.667 a 2'180 16'2’00 27.000b 9.597 a
cd7s 49333 545674 36.333a0 318 112374 139774 12397 17667 2263 13503 .0 56 69071
a a ab ab ab ab
cd 150 44'200 21.900a 30.083 b 2'%67 10.338a 12.146 b 11'a58° 14'800 0'%38 125?)53 26.333b 5597 b

* Values with the same letters in the columns are not significantly different at p < 0.05, based on Duncan's test. Different
letters indicate
Significant differences
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Fig 3.1: The nodules statuse of V.faba species

3.2 Effect of Cadmium on some Physio-chemical components properties of V. faba leave3.2.1 Photosynthetic
pigments

The results in Table 3.2 show that the effect of Cd was non-significant on some photosynthetic pigments in V. faba,
including chlorophyll a and chlorophyll b. However, total carotenoids increased with the rising concentration of Cd at 15
mg-kg~ 1 compared to the control and other treatments. The highest value (41.667%) was observed at the 15 mg-kg~ !
concentration, while the lowest value (30.083%) was recorded at the 150 mg-kg™ * treatment.

Carotenoids play a crucial role in enhancing plant resistance to various stressors. Their stable content under heavy metal
exposure may be linked to their protective function. In contrast, chlorophyll appears to be more negatively affected by heavy
metals than carotenoids [31]. Under Cd stress, chlorophyll biosynthesis is inhibited, leading to reduced chlorophyll content.
This stress can also trigger protein degradation, hinder plant growth by promoting amino acid catabolism, and inhibit the
activity of RuBisCO, a key enzyme in carbon fixation during the Calvin cycle. Cd interferes with two major CO, -fixing
enzymes, RuBisCO and phosphoenolpyruvate carboxylase (PEPCase). Cd?* ions can replace Mg?* , an essential co-factor
for carboxylation reactions, leading to structural damage and shifting RuBisCO activity towards oxygenation reactions. This
can result in irreversible dissociation of RuBisCO’s large and small subunits, completely inhibiting the enzyme.
Additionally, Cd disrupts chloroplast function by affecting the oxidative side of Photosystem Il (PSII), uncoupling electron
transport. The primary mechanism of Cd toxicity in PSII is thought to involve the substitution of Ca2* in the Ca/Mn cluster,
which is crucial for oxygen evolution, or modifications in the Qb-binding site (plastokinone) within the chloroplast
membrane [32]. These findings are further supported by [33].

Table 3.2. Effects of Cadmium mean of some photosynthesis pigments of V.faba species.

Treatments Chla Chly TC
mg /g fresh weight
Cdo 0.1977 a 0.1737a 32417b
Cd 15 0.1843 a 0.1773a 41.667 a
Cd 75 0.1553 a 0.1550 a 36.333 ab
Cd 150 0.1473 a 0.1487 a 30.083b

* Values with the same letters in the columns are not significantly different at p < 0.05, based on
Duncan's test. Different letters indicate significant differences.

3.21  Enzymatic antioxidants

Results in the table 3.3 indicate that the effect of Cd was significant on some enzymatic antioxidants such as CAT
(Catalase) of V. faba fresh leaves. While it led to non — significant on the activity of POD (Peroxidase). The activity of CAT
was significantly increased with rising Cd concentrations, reaching up to 150 mg-kg~ t CdCl, compared to the control in
this studied species. The highest CAT activity (621.93 pug-g~ 1) was recorded at the 150 mg-kg~  CdCl, concentration, while
the lowest activity (271.43 pg-g~ ) was observed in the control treatment of V. faba.
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Cadmium (Cd) is a harmful pollutant for plants because it disrupts key biological processes like photosynthesis, carbohydrate
production, and cell wall stability. These disruptions weaken the exchange of materials between the inside and outside of cells
[34]. To protect themselves from damage caused by reactive oxygen species (ROS) and maintain growth, plants must balance
ROS production and removal. This balance is controlled by enzymatic and non-enzymatic antioxidants. Too much ROS can
be harmful, so plants activate their antioxidant systems to detoxify and restore balance. Higher antioxidant enzyme activity
helps reduce oxidative damage and is linked to better stress tolerance. Under heavy metal stress, plants produce excess ROS,
which can quickly damage DNA, RNA, proteins, and cell membranes through lipid peroxidation, leading to metabolic issues
and even cell death [35]. These findings are also supported by [36].

3.2.3 Non- enzymatic antioxidants
As displayed in the table 3.3 results show that the effects of Cd was non - significant on all the non-enzymatic antioxidants
such as AsA, TPrand TCHO of V. faba leaves.

Table 3.3: Effects of Cadmium on Some Enzymatic and Non-Enzymatic Antioxidants in V. faba Leaves.

Enzymatic Antioxidants Non-Enzymatic Antioxidants
Treatments Catalase Peroxidase Ascorbic Acid Proline Total
1 1 1 1 Carbohydrate

(ngg™) (pngg™) (9L™) (ngml™) (%)
Cdo 27143 b 123.83 a 7.844a 9.1000 a 0.581a
Cd 15 285.80 b 165.10 a 10.656 a 9.3767 a 0.859 a
Cd 75 34290 b 225.67 a 8.844 a 9.4153 a 0.281a
Cd 150 621.93 a 255.60 a 9.781a 8.9270 a 0.588 a

* Values with the same letters in the columns are not significantly different at p < 0.05, based on
Duncan's test. Different letters indicate significant differences.

3.2.4 Some Stomata Traits

The results in Table 3.4 indicate that the effect of Cd was non-significant on all stomatal traits, including the number,
length, and width of stomata on both the upper (adaxial) and lower (abaxial) surfaces of V. faba (Table 3.4; Figures 3.2 and
3.3). Except the width of the stomata on the adaxial surface was increased to (1.233 micron) at 150 mgekg™ ! as compared
to (0.900 micron) at 15 mgekg™ . Changes in the size and number of stomata are a manifestation of the plants' response to
changes in the environment and are an important tool in regulating the absorption of pollutants by plants. Compared with
guard cell length, stomatal density is relatively plastic and potentially adaptive to environmental changes. In addition, it causes
stomatal closure due to entry of Cd into the guard cells in competition to Ca*?> . Decrease in stomatal density is also
characteristic symptom of Cd stress resulting in lesser conductance to CO2 which consequently leads to inhibition of
photosynthesis. However, it is accepted that the factors limiting photosynthesis have stomatal and non-stomatal nature.
Reduced photosynthetic activity is often due to iron deficiency in cadmium treated leaves. The changes in the stomatal density,
size of stomata and epidermal cells as a response to environmental stress are important means of regulating the rate of
absorption of risk elements by plants, while the stomatal index often remains unchanged [37].

Table 3.4: Effects of Cadmium on Some Stomata Traits of V. faba at 40x.

Adaxial stomata Abaxial stomata
Treatments Number Length Width Number Length Width
Micron
Cdo 7.667 a 1.700 a 1.066 ab 10.667 a 1.933a 0.966 a
Cd 15 9.667 a 1.600 a 0.900 b 13.000 a 1.800 a 1.133a
Cd 75 9.000 a 1.866 a 1.000 b 10.667 a 2.100 a 1.266 a
Cd 150 8.000 a 1.833a 1.233a 11.000 a 2.000 a 1.100 a
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* Values with the same letters in the columns are not significantly different at p < 0.05, based on Duncan's test. Different
letters indicate significant differences.

Fig 3.2. Stomata on the Upper (Adaxial) Leaf Surfaces of V. faba at 40x; (a. Cd0, b. Cd15, c. Cd75 and d. Cd150) mg.kg-*
soil.

Fig 3.3. Stomata on the Lower (Abaxial) Leaf Surfaces of V. faba at 40x ; (a. CdO, b. Cd15, c¢. Cd75

and d. Cd150) mg.kg-* soil

Conclusion

This study showed that soil contamination with cadmium (Cd) significantly increased certain morphological and
biochemical properties of V. faba, including plant height, stem diameter, leaf area, the percentage of nodules dry matter, and
total carotenoids at the 15 mgekg™ * treatment. In contrast, the number of nodules decreased significantly with increasing
cadmium concentrations. Furthermore, catalase (CAT) enzyme activity increased with higher cadmium concentrations,
particularly at 150 mgekg™ t. Effect of cadmium toxicity was non-significant on the seed performance, certain morphological
traits, physiological traits and both enzymatic and non-enzymatic antioxidants.

References

[1]. Caporale AG, Paradiso R, Arouna N, Amitrano C, Tagliamonte S, Chiacchio MF, Vitaglione P, De Pascale S and
Adamo P. (2025) Fava bean plant performance and fertility dynamics in Mars regolith simulantbased substrates for
space farming. Front. Plant Sci. 16: 1676285. doi: 10.3389/fpls.2025.1676285.

[2]. Jensen, E. S., Peoples, M. B. and Hauggard -Nielsen, H. (2010). Faba bean in cropping systems. Field crops
research.115, 203-216. doi: https://doi.org/10.1016/j.fcr.2009.10.008.

[3]. Rahate, K. A., Madhumita, M. and Prabhakar, R, P. K. (2021). Nutritional composition, anti-nutritional factors,
pretreatments-cum-processing impact and food formulation potential of faba bean (Vicia faba L.): A comprehensive
review. Lwt. 138: 110796. doi: https://doi.org/10.1016/j.Iwt.2020.110796.

54



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 3, 2026 Online ISSN: 2958-6585

[4]. Amjadian, K., Sacchi, E and Rastegari Mehr, M. (2016). Heavy metals (HMs) and polycyclic aromatic hydrocarbons
(PAHS) in soils of different land uses in Erbil metropolis, Kurdistan Region, Iraq. Environmental monitoring and
assessment. 188(11): 605. doi: https://doi.org/10.1007/s10661-016-5623-6.

[5]. Junhe, L., Xinping, Y., Xuchao, M., Guoging, W., Yusuo, L., Yujun, W and Fangjie A, Z. (2017). Predicting cadmium
safety thresholds in soils based on cadmium uptake by Chinese cabbage. Pedosphere. 27: 475-481. doi:
https://doi.org/10.1016/S1002-0160(17)60343-6.

[6]. Monteiro, M., Santos, C., Soares, A and Mann, R. (2009). Assessment of biomarkers of cadmium stress in lettuce.
Ecotoxicology and Environmental safety. 72: 811-818. doi: https://doi.org/10.1016/j.ecoenv.2008.08.002.

[7]. Genchi, G., Sinicropi, M. S., Lauria, G., Carocci, A and Catalano, A. (2020). The effects of cadmium toxicity.
International journal of environmental research and public health. 17(11): 3782.
doi:https://doi.org/10.3390/plants10071327.

[8]. Rizwan, M., Ali, S., Qayyum, M. F., Ibrahim, M., Zia -Ur -Rehman, M., Abbas, T and OK, Y. S. (2025). Mechanisms
of biochar-mediated alleviation of toxicity of trace elements in plants: a critical review. Environmental Science and
Pollution Research. 23(3): 2230-2248. doi: https://doi.org/10.1007/s11356-015-5697-7.

[9]. Gomese, M. P., Noguera, M. D. O. G., Castro, E. M. D and Sores, A. M. (2011). Ecophysiological and anatomical
changesdue to uptake and accumulation of heavy metal in Brachiaria decumbens. Scientia Agricola. 68(5): 566-
573.doi: https://doi.org/10.1590/S0103-901620110005000009.

[10]. Gao, M., Chang, X., Yang, Y. and Song, Z. (2020). Foliar graphene oxide treatment increases photosynthetic
capacity and reduces oxidative stress in cadmium-stressed lettuce. Plant Physiology and Biochemistry. 154: 287- 294.
doi:https://doi.org/10.1016/j.plaphy.2020.06.021.

[11]. Rowland, G. and Gusta, L. (1977). Effects of soaking, seed moisture content, temperature and seed leakage on
germination of faba beans (Vicia faba) and peas (Pisum sativum). Canadian Journal of Plant Science. 57: 401- 406.
doi: https://doi.org/10.4141/cjps77-058.

[12]. Chekol, H., Bezuayehu, Y., Warkineh, B., Shimber, T., Mifrek-Adamska, A., Dbrowska, G. B. and Degu, A. (2023).
Unraveling drought tolerance and sensitivity in coffee genotypes: Insights from seed traits, germination, and growth-
physiological responses. Agriculture. 13(9): 1754. doi: https://doi.org/10.3390/agriculture13091754.

[13]. Ranal, M. A. and Santana, D. G. D. (2006). How and why to measure the germination process. Brazilian Journal of
Botany. 29: 1-11.doi: https://doi.org/10.1590/S0100-84042006000100002.

[14]. Al-Barzinji, I., Khudhur, S. and Abdulrahman B, N. (2015). Effects of some dates, pre-treatment sowing, soil texture
and foliar spraying of zinc on seedling of Dalbergia sissoo (Roxb.). ARO, The Scientific Journal of Koya University.
3, 14-22.doi: http://dx.doi.org/10.14500/ar0.10050.

[15]. Easlon, H. M. and Bloom, A. J. (2014). Easy Leaf Area: Automated digital image analysis for rapid and accurate
measurement of leaf area. Applications in plant sciences. 2(7): 1400033. doi: https://doi.org/10.3732/apps.1400033.

[16]. Ahmed, O. A., Algaderi, H. A. and Albusaidi, W. M. (2025). Growth, Physiological Response, and Phytochemical
Composition of Mustard Plant as Affected by Light Intensity and Deficient Irrigation. Diyala Agricultural Sciences
Journal. 17, 61-77.doi: https://doi.org/10.52951/dasj.25170105.

[17]. Haida, Z and Hakiman, M. (2019). A comprehensive review on the determination of enzymatic assay and
nonenzymati antioxidant activities. Food science & nutrition. 7, 1555-1563.doi: https://doi.org/10.1002/fsn3.1012.
[18]. Al-Asadi, A. D and Al-Zubaidy, B. H. (2025). The effect of Fulvic Acid on the Activity of Some Antioxidant
Enzymes in the leaves of Date Palm Offshoots, Nabayti Cultivar Resulting from Tissue Culture under Conditions of

Salt Stress. Tikrit Journal for Agricultural Sciences. 25: 44-56.doi: https://doi.org/10.25130/tjas.25.1.4.

[19]. Bepari, S., Kundaikar, G. V and Varghese, S. (2025). Exploring the Impact of Salinity Stress on Biochemical and
Physiological Response in the Melon Barb (Haludaria fasciata, Jerdon, 1849). Thalassas: An International Journal of
Marine Sciences. 41(2):106. doi: https://doi.org/10.1007/s41208-025-00862-y.

[20]. Minutolo, M., Chiaiese, P., DI Matteo, A., Errico, A and Corrado, G. (2020). Accumulation of ascorbic acid in
tomato cell culture: Influence of the genotype, source explant and time of in vitro cultivation. Antioxidants. 9, 222.doi:
https://doi.org/10.3390/antiox9030222.

[21]. Bates, L. S., Waldren, R and Teare, I. (1973). Rapid determination of free proline for water-stress studies. Plant and
soil. 39, 205-207.doi: https://doi.org/10.1007/BF00018060.

[22]. Thiele, I and Palsson, B. @. (2010). A protocol for generating a high-quality genome-scale metabolic reconstruction.
Nature protocols. 5, 93-121.doi: https://doi.org/10.1038/nprot.2009.203.

[23]. Rai, P and Mishra, R. (2013). Effect of urban air pollution on epidermal traits of road side tree species, Pongamia
pinnata (L.) Merr. Journal of Environmental Science, Toxicology and Food Technology. 2, 2319-2402.

[24]. Al-Mohammadi and Al-Mohammadi, (2002). Statistics and Experimental Design. Dar Osama for Publishing and
Distribution, p. 375.

[25]. Agbair, P. O. (2009). Air pollution tolerance indices (APTI) of some plants around Erhoike-Kokori oil exploration
site of Delta State, Nigeria. International Journal of Physical Sciences. 4 (6): 366-368.
http://www.academicjournals.org/IJPS.

55



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 3, 2026 Online ISSN: 2958-6585

[26]. Azevedo, R. A., Gratao, P. L., Monteiro, C. C and Carvalho, R. F. (2012).What is new in the research on cadmium-
induced stress in plants Food and Energy Security. 1, 133-140.doi: https://doi.org/10.1002/fes3.10.

[27]. Zorrig, W., El Khouni, A., Ghnaya, T., Davidian, J.-C., Abdelly, C and Berthomieu, P. (2013). Lettuce (Lactuca
sativa): a species with a high capacity for cadmium (Cd) accumulation and growth stimulation in the presence of low
Cd concentrations. The Journal of Horticultural Science and Biotechnology. 88(6), 783-789.doi:
https://doi.org/10.1080/14620316.2013.11513039.

[28]. Muftugil, L. N. (1985).The peroxidase enzyme activity of some vegetables and its resistance to heat. Journal of the
Science of Food and Agriculture. 36(9): 877-880.doi: https://doi.org/10.1002/jsfa.2740360918.

[29]. Deangelis, A., Gasco, L., Parisi, G and Daneili, P. P. (2021). A multipurpose leguminous plant for the mediterranean
countries: Leucaena leucocephala as an alternative protein source: A review. Animals. 11(8): 2230.doi:
https://doi.org/10.3390/ani11082230.

[30]. Loi, N., Sanzharova, N., Shchagina, N and Mironova, M. (2018). The effect of cadmium toxicity on the development
of lettuce plants on contaminated sod-podzolic soil. Russian Agricultural Sciences. 44(1), 49-52.doi:
https://doi.org/10.3103/S1068367418010111.

[31]. Hsu, Y. and Kao, C. (2003). Role of abscisic acid in cadmium tolerance of rice (Oryza sativa L.) seedlings. Plant,
cell & environment. 26(6), 867-874.doi: https://doi.org/10.1046/j.1365-3040.2003.01018.x.

[32]. Popova, L. P., Maslenkova, L. T., Ivanova, A and Stoinova, Z. (2011). Role of salicylic acid in alleviating heavy
metal stress. Environmental adaptations and stress tolerance of plants in the era of climate change. Springer.Book
chapter. doi: https://doi.org/10.1007/978-1-4614-0815-4 21.

[33]. Song,J., Sun, Z., Saud, S., Fahad, S and Nawaz, T. (2025). Exploring the deleterious effects of heavy metal cadmium
on antioxidant defense and photosynthetic pathways in higher plants. Plant Stress. 15: 100716. doi:
https://doi.org/10.1016/j.stress.2024.100716.

[34]. Gallego, S. M and Benavides, M. P. (2019). Cadmium-induced oxidative and nitrosative stress in plants. Cadmium
Toxicity and Tolerance in Plants. Elsevier. doi:https://doi.org/10.1016/B978-0-12-814864-8.00010-3.

[35]. [36].Kasim, W. A. E.-A., Neseem, A. A and Gaber, A. (2017). Alleviation of drought stress in Vicia faba by seed
priming with ascorbic acid or extracts of garlic and carrot. Egyptian Journal of Botany. 57: 45-59. doi:
https://dx.doi.org/10.21608/ejb0.2017.831.1057.

[36]. Pirselova, B, Kubova V, Bolecek P and Hegediisova A.(2021). Impact of cadmium toxicity on leaf area and stomatal
characteristics in faba bean. J Microbiol Biotech Food Sci. 11 (2): 3718 . https://doi.org/10.15414/jmbfs.3718

56



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 3, 2026 Online ISSN: 2958-6585

pg:adsl) gy (Vicia faba L) <bil 4g gaad) dpiliassl) g asa ol gandl) Cillains)
i daai I8
Glall 4y ) sgan - (e S B (44023 4958 ey oS dnals cAaall o slall LI colaY) o

Ll Craala (3 padl - iy S a) S daala daall 5 o slall 4408 cela ¥ andl il & sidall Jiall 8 <2023 o 5iS1 26 8 Gl 138 5 a]
25 5 0) 5815 darsb il ) Giladl) (CACI) pssed€ 25508 55 iy ) Al 5ol o8 iban ol ) S5 B JulS I pe apanad (35
A 0S5 ol (Cd) s gl o il s elal ) sall &y gand) &illiasSll s im0 3] cliall s sall aibiad s 3l ol o aS/eile (50
@uu\baLA\m}‘anllumj‘L_,L..d\#}‘HM\JJLJA@LM%HQ\)A\U@LA«_\M\ u_UJcA} )}Aﬂ‘g\q\‘;;gj.\u‘)ﬂ_:
L) smd&a@ﬁ)ﬁ‘)}d\ﬂ\uﬂa(?ﬁlﬁ_‘a15)€ydﬁ\wm\)ﬁ}u\em)ﬁ)@\w} e).\.AJ\S.“‘).\S‘)JaJh‘)@sM‘)AJ\M\
75 15) p 523 il s 53y 5 e s IS g 3 laiall dae paiddl LS lial) o (b Ja sl alissl Y] (waSfpale 150) el € 5 oo
salall ol cla ylad g gaall Jsla ol ¢l dae oS3 80 o o saealSl) Gadatl oS5 o) (Jiidl) mu\mwuu)m(é/ghwo,
ol Qi K e SN ﬁtg\f,mtsn sl (s i iyl Ailaasl 5 Tm gl 5l lially Glety Lo Wl shadls (lipadl e JSI Al
L_’AJAJSHH?_’MA\SM c_ﬂ‘).ts‘).:‘)aa_lelj 4.\35.“ u\)m_,.:)&“ _9\ “_AS.“ U.JJJAM _5\ ‘AJAJJ_,S“Y\QM_,\ sm_j‘)un t_ﬂ_\_,.\.um _5\ [{S=] dﬁ})}lﬂ‘
A_V\_l}.h.nm} )‘YU\S]\ ("U"‘LL“”CM)‘ “_\bcn 4,)&4").\\1\ )49}4,345‘)3}!\ u.\.uSY\ Sifalicas uaa.\l:\.uuji ‘@}_A\ d.\fmﬂ\ EL‘-“‘U‘“Q‘J}Y‘ szm
ua.ﬂ..a;éc ﬁmﬁLe)uA@ua)uﬂé?S‘Jdéca})&: (_5‘)AY\L_I)\AIJ.AH.I‘L|)\AA?’S/V5AA15)AS)JJADL}A.‘A(JSMUMN‘&-IL\.\JJJ&‘
PRSI | }Mdlﬁ\u\).\s).au\ @M‘é\@bﬂ\a&)ﬂ dﬂ\uhmwljd#lw\L;;Lg_m)r_,l.@_\)k,uamdh@buu)uﬂ
oaibadlly saill julae o \-.\L»)UJ a2y Aullall il stesal) (8 ¢ pall lans sy e i JS Bake o Al il il Ll oS 8
(sl L Sl A e sl

sl Aloaslly 28l 58l ailiadl) sl ool e padlSl) dlga) Apabidall clall)

57



