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1.  INTRODUCTION

Lettuce (Lactuca sativa L.), due to its high nutritional value, 
it is ranking among the most renowned and economically 
significant leafy vegetable crops globally [1]. It is also a crucial 
winter vegetable crop in Iraq [2]. Lettuce belongs to the 
Asteraceae family, and it propagated by seeds [3]. This plant 

is cultivated for its edible rosette leaves. In Iraq, 26507 tons 
are produced annually on 3317 hectares of  farmed land [4]. 
The majority of  lettuce is grown in the central part of  Iraq, 
where seeds are sown in late summer to produce a crop 
in the winter. In the northern region, the growing season 
commences in late autumn, yielding a crop in the spring [5]. 
In Iraq, the majority of  farmers utilize sewage water for the 
irrigation of  leafy vegetables, particularly lettuce, resulting 
in the contamination of  these crops and posing a health 
risk to consumer communities. In the Erbil governorate 
of  Iraq, approximately 225 hectares are irrigated using 
non-pre-treated sewage water for the cultivation of  various 
uncooked vegetables, which are consumed by nearly two 
million people as a significant component of  their diet [6]. 
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A study by Hassoon [7] indicated that lettuce samples from 
Baghdad central exhibited significant cadmium consumption 
levels, measuring 310 μg/day for imported lettuce and 372 
μg/day for locally sourced lettuce.

Iraq and the Iraqi Kurdistan region are a place for many 
crises and continual wars, in addition to many political, 
security, and incorrect practices problems, which led to 
make this region a fertile region for conducting studied 
regarding soil pollution. Hence, more information and 
studies are required to be implemented in this region. Erbil 
governorate, the most populous city in the Kurdistan region, 
experiences numerous pollution sources that contribute 
to significant soil contamination, particularly with 
cadmium (Cd) [8]. Notable sources include cement plants, 
phosphate fertilizers, urban traffic, waste incinerators, 
heating systems, metalworking industries, and power plants, 
which are recognized globally for their Cd emissions [9]. 
Approximately 660 metric tons of  cadmium are utilized 
annually in soils through the application of  phosphate 
fertilizers [10]. Cadmium is classified as a non-essential 
element for plants and is not recognized to provide 
any benefits to them. It exhibits significant toxicity to 
crops [11]. The National Food Safety Standard establishes 
a limit of  0.2 mg/kg FW for cadmium in leafy vegetables.

Plants readily absorb cadmium (Cd) and accumulate it in 
various parts of  plants [12]. This accumulation can adversely 
affect crops by inducing oxidative stress, characterized by 
increased reactive oxygen species, decreased activity of  
antioxidant enzymes, damaged cell membranes, and reduced 
biomass, ultimately compromising the quality of  certain 
crops [13]. To mitigate the negative impacts of  cadmium 
stress on plants, various strategies have been employed, 
including direct methods, such as mycosis fungoid, genetically 
modified plants, and grafting, which address heavy metal 
contamination issues [14], phytoremediation [15], and salicylic 
acid (SA) application [16]. SA is safe for human health [17]. It 
endogenous plant growth regulator that has a phenolic nature. 
It regulates various biochemical and physiological processes 
in plants, including seed germination, plant growth, flower 
induction, nutrient uptake, membrane permeability, transport, 
plant-water relations, stomatal conduction, photosynthesis, 
and enzyme activities [18]. Recent studies indicate that the 
application of  SA significantly enhances plant adaptation to 
various stress factors, including heavy metals. SA functions as 
a natural signalling molecule, promoting tolerance to abiotic 
stress across different plant species [14], [19], including 
protection against cadmium toxicity [16].

Cadmium stress in plants can be reduced through various 
methods, including the reduction of  Cd uptake and its 
accumulation in plant tissues. Reactive oxygen species (ROS) 
scavenging enhances the antioxidant defense system [20], [21] 
and improves photosynthetic capacity [22], [23].

Due to a lack of  studies about the relationship between Cd 
and SA application on lettuce seedling, and as an attempt to 
decrease the health risk of  heavy metals especially Cd in Iraq 
and Iraqi Kurdistan, this study was conducted as a complement 
to our previous study [24], where present study is regarding 
the seedling only, where it aims to use high concentrations 
of  cadmium and SA to determine the tolerance of  lettuce 
seeds and seedlings to these concentrations to avoid them 
in subsequent studies and to avoid cultivate lettuce in area 
polluted by high Cd concentrations, as well as to examine 
the capacity of  SA to decrease the effects of  cadmium on 
this lettuce seedling.

2. MATERIALS AND METHODS

2.1. Plant Materials, Cultivation, and Treatments
A factorial tray experiment was conducted in Taq Taq district 
(35.8857°N, 44.5932°E), Erbil, Kurdistan Region, Iraq, during 
the winter season 2021. Lettuce seeds (L. sativa L.) variety 
Romaine, produced by NADER company, Netherlands, were 
planted on the 1st of  October in 105 cell plastic planting trays 
on peat-moss with 6.3 pH. Each experimental unit consists 
of  100 cells (Fig. 1). The average of  the meteorological data 
during the study period from the 1st of  October to the 15th of  
November ranged 22.10°C for temperature, 38.5 for relative 
humidity, and 1.95 mm for precipitation.

The experiment comprised two factors: The first involved 
soaking lettuce seeds in four concentrations of  cadmium 
chloride (CdCl2.H2O) at 0, 10, 20, or 30 mM, designated as 
Cd0, Cd10, Cd20, and Cd30, respectively. The second factor 
involved soaking the seeds in five concentrations of  SA 
(2-Hydroxybenzoic acid) at 0, 2, 4, 6, or 8 mM, referred to 
as SA0, SA2, SA4, SA6, and SA8, respectively, with distilled 
water serving as the control treatment. Seeds were immersed 
in the treatment solutions for 24 h.

Because of  the average percentage of  germination for the 
treatment (SA8) was only 7.62% (Table 1) and zero for most 
replications, we dropped this treatment, including their 
interactions, for the subsequent characteristics, including 
shoot, and root characteristics and photosynthetic pigments.
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TABLE 1: The effect of seed soaking in Cd, SA and their interactions on the var. Romaine germination of 
Lactuca sativa L
Concentration of SA (mM) Concentration of Cd (mM) Average of SA

Cd0 Cd10 Cd20 Cd30
SA0 49.07c* 82.86a 84.60a 83.50a 75.01a
SA2 61.45b 85.89a 77.45a 77.54a 75.58a
SA4 61.46b 83.17a 83.56a 87.97a 79.04a
SA6 10.75de 57.62bc 52.01bc 75.85a 49.06b
SA8 0.33e 2.68e 18.10d 9.37de 7.62c
Average of Cd 36.61b 62.45a 63.14a 66.85a

*According to Duncan’s Multiple Range test, means that have the same letters on columns and rows are not significantly different at P≤0.05. 

Solutions of  the cadmium (CdCl2.H2O) with molecular 
weight = 201.33 g/mole was used to prepare the concentrations 
10, 20, and 30 mM/L by dissolving 2.013, 4.026 and 6.039 g 
of  CdCl2.H2O in one liter distilled water, whereas for 
preparing the SA solutions, extra pure SA (2-Hydroxybenzoic 
acid) with molecular weight = 138.12 g/mole was used to 
prepare the solutions 2, 4, 6, and 8 mM/L by dissolving 0.276, 
0.552, 0.828, and 1.104 g of  SA in one liter of  distilled water.

2.2. Studied Characteristics
Seed germination (G) where taken on 21th of  October after 
no more seeds were germinated by the equation (1), which 
was described by Ahmadloo et al. [25].

G %
L
S

( ) = × 100 � (1)

Where G (%) = Germination percentage, L = Number of  
planted seed, and S = Total number of  emerged seedlings.

The following characteristics were studied on the seedling 
25 days after seeds emerging were complete; seedling leaf  
area (cm2) by taking 30 known area discs from the leaves, then 
dried and weighted. Seedling leaf  area was calculated by the 
equation (2), which was described by AbuEl-Zahaba et al. [26]:

Leaf�erea
Leaves�dry�weight Known�discs�area

Discs�dry�weig
= ×

hht
� (2)

The length of  the seedling shoot and primary root (cm) was 
measured using a standard metric tape measure, along with 

the fresh and dry weight, and the percentage of  shoot and 
root dry weight, as outlined in Tudela et al. [27]. Chlorophyll 
a (Chl.a), chlorophyll b (Chl.b), and total carotenoids 
(Car.) were quantified according to the method described 
by Lichtenthaler and Wellburn [28], utilizing a 50 ml 80% 
acetone to 1 g sample ratio.

2.3. Experimental Design and Statistical Analysis
This study conducted a factorial experiment utilizing a 
completely randomized design with three replications. Data 
were analyzed using analysis of  variance, with Duncan’s 
multiple range tests applied at a 5% probability level for 
comparison of  experimental means, utilizing the SAS 
program [29].

3. RESULTS AND DISCUSSIONS

The percent of  seeds germination affected significantly 
by each of  Cd, SA concentrations and their interactions 
as shown in Table 1, where soaking seeds in Cd solutions 
regardless to their concentrations increased significantly 
seeds germination compared to the tap water, where higher 
germination percent (66.85%) records in Cd30, whereas, the 
lowest percent recorded in the control treatment (36.61%). 
There were non-significant differences between low SA 
concentrations and soaking in tap water in their effect on 
this property, where SA4 records higher seed germination 
(79.04%), whereas the concentration rises to 6 and 8 mM, 
germination percent considerably decreased to 49.06 and 

Fig. 1. The stages of (a) seeds soaking in different treatments solutions, (b) cultivated trays cells (c) emerged seedling.

cba
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7.62%, respectively. The interactions of  Cd10, Cd20, and 
Cd30 with SA0, SA2, and SA4 mM significantly enhanced 
seed germination relative to all other interactions, with 
the exception of  the interaction between Cd30 and SA6 
treatment. From the results of  the percent of  germination, 
it is clear that the highest concentration of  SA (8 mM) led 
to a significant decrease in the germination percent to a very 
low percent, reached to zero in some experimental units, so 
we exclude this treatment from the experiment for the shoot, 
root, and photosynthesis pigments properties.

Characteristics of  the seedling vegetative growth (Table 2) 
that demonstrated by the leaves number, seedling length, 
seedling dry and fresh weight were rose considerably with 
maximize Cd concentration especially the high concentration 
30 mM which records highest values 7.03 leaves per seedling, 
5.06  cm, 0.209  g, and 1.09  g, respectively, whereas, the 
control records the lowest values 5.67 leaves/seedling, 
3.96 cm, 0.62 g, and 0.128 g, respectively. In contrast, Cd30 
treatment resulted in the lowest percentage of  dry matter 
at 19.26%, compared to 21.50% for the Cd20 treatment, 
which indicated the smallest seedling leaf  area at 12.78 cm². 
This was significantly lower than all other treatments, with 

the control group recording the highest value at 20.06 cm². 
The study results demonstrated that the application of  a 
high concentration of  SA (6mM) led to a result that was 
more adverse than the control treatment. Highest of  seedling 
leaves (6.62), leaf  area (19.98 cm2), dry weight (0.180 g), fresh 
weight (0.84 g), dry matter percent (21.50%), where recorded 
between SA2 and SA4 treatments, while the lowest values 
were recorded for the control and SA6 treatments. SA had 
non-significant effects on seedling length. Combinations of  
10 and 20 mM of  Cd with 2 and 4 mM of  SA increased most 
of  the seedling vegetative growth, including leaves number, 
seedling length, and seedling fresh and dry weight.

Contrary to expectations, it is found from the results that 
Cd in low concentrations reduced the inhibitory effect of  
high concentration of  SA on the growth of  lettuce seedling 
in most growth characteristics, this confirm what Carvalho 
et al. [30] have reported that Cd stimulate hormetic effects 
on plants, where exposure to Cd improves the performance 
of  some plant species, despite of  accumulation of  Cd in 
their roots and shoots, where protective strategies have been 
developed at these plants to neutralize the side effects of  Cd 
toxicity or mechanisms that service Cd as beneficial element.

TABLE 2: The effect of seed soaking in Cd, SA, and their interactions on some vegetative shoot growth 
parameters of Lactuca sativa L. var. Romaine seedling
Treatments Leaf number Leaf area (cm2) Length (cm) Fresh weight (g) Dry weight (g) Dry matter (%)
Cd concentration (mM)

Cd0 5.67c* 20.06a 3.96b 0.62c 0.128c 20.22 ab
Cd10 6.20b 18.89a 4.20b 0.67bc 0.139bc 20.74ab
Cd20 6.38b 12.78b 4.09b 0.69b 0.149b 21.50a
Cd30 7.03a 18.89a 5.06a 1.09a 0.209a 19.26b

SA concentration (mM)
SA0 6.13b 16.23b 4.23a 0.73b 0.155b 21.22a
SA2 6.62a 19.64a 4.31a 0.83a 0.180a 22.01a
SA4 6.52a 19.98a 4.46a 0.84a 0.168ab 21.66ab
SA6 6.02b 14.29b 4.30a 0.67c 0.122c 18.26b

Interactions between Cd and SA
Cd0SA0 5.40i 18.64bc 4.12bcd 0.59g 0.123de 21.11abcd
Cd0SA2 5.80ghi 18.26bc 4.32bc 0.73efg 0.157cd 21.56abcd
Cd0SA4 6.00fgh 30.75a 4.04bcd 0.73efg 0.150cde 20.62abcd
Cd0SA6 5.47hi 12.59de 3.34d 0.45h 0.080f 17.48d
Cd10SA0 6.27defg 17.34bcd 4.14bcd 0.77ef 0.157cd 20.34abcd
Cd10SA2 6.67cd 26.77a 3.93cd 0.68fg 0.157cd 23.08ab
Cd10SA4 6.07efg 14.98cde 4.41bc 0.64fg 0.133de 20.74abcd
Cd10SA6 5.80ghi 14.51cde 4.33bc 0.59g 0.110ef 18.80cd
Cd20SA0 5.93ghi 13.16de 4.20bcd 0.66fg 0.157cd 23.50a
Cd20SA2 6.73bcd 14.28cde 4.04bcd 0.83de 0.190bc 22.91abc
Cd20SA4 6.60cde 11.96e 3.92cd 0.64fg 0.130de 20.43abcd
Cd20SA6 6.27defg 11.71e 4.17bcd 0.63g 0.120de 19.18bcd
Cd30SA0 6.93abc 15.78cde 4.46bc 0.92cd 0.183bc 19.91abcd
Cd30SA2 7.27ab 19.23bc 4.93ab 1.07b 0.217b 20.41abcd
Cd30SA4 7.40a 22.22b 5.49a 1.36a 0.260a 19.17bcd
Cd30SA6 6.53cdef 18.35bc 5.35a 1.01bc 0.177c 17.55d

*According to Duncan’s Multiple Range test, means that have the same letters on columns are not significantly different at P≤0.05. 
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TABLE 3: The effect of seed soaking in cadmium 
chloride (Cd), salicylic acid (SA) and their 
interactions on some root growth parameters of 
Lactuca sativa L. var. Romaine seedling
Treatments Length 

(cm)
Fresh 

weight (g)
Dry 

weight (g)
Dry matter 

(%)
Cd concentration (mM)

Cd0 9.05c 0.360b 0.075a 20.769a
Cd10 11.09a 0.381b 0.077a 20.235a
Cd20 10.14b 0.360b 0.073a 20.060a
Cd30 10.69ab 0.502a 0.083a 16.577b

SA concentration (mM)
SA0 9.12b 0.413a 0.080a 19.600a
SA2 9.87b 0.439a 0.087a 19.895a
SA4 11.12a 0.428a 0.080a 19.427a
SA6 10.86a 0.323b 0.060b 18.719a

Interactions between Cd and SA
Cd0SA0 8.25e 0.343def 0.073abc 21.477ab
Cd0SA2 8.49e 0.420bcde 0.093a 22.210a
Cd0SA4 10.11bcde 0.440bcd 0.087ab 19.793abcd
Cd0SA6 9.34cde 0.236g 0.047d 19.597abcd
Cd10SA0 9.29cde 0.460bc 0.087ab 18.773abcd
Cd10SA2 10.73bcd 0.380cdef 0.077ab 20.230abc
Cd10SA4 12.99a 0.346def 0.077ab 22.113a
Cd10SA6 11.35abc 0.337ef 0.067bcd 19.823abcd
Cd20SA0 9.83bcde 0.363cdef 0.073abc 20.220abc
Cd20SA2 9.58bcde 0.453bc 0.093a 20.587abc
Cd20SA4 10.06bcde 0.333ef 0.070bc 21.077ab
Cd20SA6 11.08abcd 0.290fg 0.053cd 18.357bcd
Cd30SA0 9.11de 0.483b 0.087ab 17.930bcde
Cd30SA2 10.67bcd 0.503ab 0.083ab 16.553de
Cd30SA4 11.29abc 0.590a 0.087ab 14.723e
Cd30SA6 11.67ab 0.430bcde 0.073abc 17.100cde

*According to Duncan’s Multiple Range test, means that have the same letters on 
columns are not significantly different at P≤0.05. 

In comparison to the control treatment, seeds soaked in 
Cd regardless concentrations increased seedling root length 
significantly (Table 3), which means that the Cd consider as 
a stress by the embryo so increasing the root length [31], 
this result was disagree with Bautista et al., [32] who found 
that 25, 35 and 50 µM/L of  Cd interfered significantly with 
root elongation compared to the control treatment. The 
highest concentration of  Cd increased the root fresh weight 
significantly to (0.502 g) compared to other treatments, while 
an inverse respond demonstrated in root dry matter to the 
higher Cd concentration (30 mM), which reached 16.577% 
compared to other treatments, where the control records 
20.769%. There were non-significant differences between 
Cd concentrations on roots dry weight.

Similar to Cd, SA at concentrations of  4 and 6 mM significantly 
increased root length to 11.12 cm and 10.86 cm, respectively, 
compared to the control and SA2 treatments. This finding 
matches the results of  Talabany and Albarzinji [24], who 

reported that SA up to 2 mM enhanced root length, as well 
as fresh and dry weight. A high concentration of  SA (6 mM) 
significantly reduced both the fresh and dry weight of  roots 
to 0.323 g and 0.060 g, respectively, in comparison to all other 
treatments. The percentage of  dry matter content was not 
significantly affected by SA treatment (Table 3).

The interaction treatment Cd10SA4 produced the tallest root 
at 12.99 cm, significantly surpassing all other treatments, with 
the exception of  the treatments involving Cd 10 mM with 
SA at 4 and 6 mM. Soaking seeds in tap water and 2mM 
of  SA recorded the lowest root length 8.25 and 8. 49 cm, 
respectively (Table 3). The interactions of  Cd30 with SA2 
and SA4 resulted in the highest root fresh weights of  0.503 g 
and 0.590  g, respectively, which were significantly greater 
than those observed in all other treatments. In contrast, 
the interaction treatment Cd0SA6 recorded the lowest 
value at 0.236  g compared to all other treatments except 
the treatment Cd20SA6 (Table 3). Each of  the interaction 
treatments Cd0SA2 and Cd20SA2 records the highest 
root dry weight (0.093  g) significantly compared only to 
the interactions Cd10SA6 and Cd20SA6. Higher root dry 
matter percent noted for the interactions Cd0SA2 (22.210%) 
and Cd10SA4  (22.113%), significantly compared to the 
interaction treatment Cd20SA6 and the interaction of  Cd30 
with all SA concentrations, where the interaction Cd30SA4 
records the lowest value (14.723%).

Generally, most of  the Cd and SA effects on photosynthetic 
pigments were non-significant. Chl. a increased significantly 
in Cd10 and Cd30 to 0.310 and 0.321 mg/g fresh weight 
compared to the Cd20 treatment only, Cd30 increased Chl.b 
to 0.280 mg/g compared to Cd20 (0.232 mg/g) treatment 
only, which gave the lowest total carotenoids (0.148 mg/g). 
About the effect of  SA, there were only a decrease in each of  
Chl.a and b where 2mM SA was used (0.269 and 0.223 mg/g), 
respectively, as compared to all other treatments. Increasing 
the SA to 6mM increased significantly total carotenoids to 
0.184 mg/g compared to all other treatments.

Each of  the interactions Cd0SA6 and Cd10SA0 records the 
highest Chl.a (0.377 and 0.383 mg/g) significantly compared 
to all other treatments except the interactions Cd10SA4, 
Cd20SA6, Cd30SA0, Cd30SA4, and Cd30SA6 treatments. 
Regarding Chl.b same interaction treatments were superior, 
where the treatment Cd30SA6 recorded higher value 
significantly compared to other treatments except Cd0SA6, 
Cd10SA0, Cd10SA4, Cd20SA6, Cd30SA0, and Cd30SA4 
treatments. Total carotenoids increased significantly in 
each of  the interactions Cd0SA6 and Cd10SA0 (0.217 and 
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0.207 mg/g) significantly compared to all other treatments 
except the interaction Cd30SA6.

Significant increase in seeds germination in Cd treatments 
may be due to the hormetic effects of  Cd, where Carvalho 
et al. [30] have reported that Cd stimulates hormetic effects 
on plants, where exposure to Cd improves the performance 
of  some plant species. This result was not agree with Bautista 
et al. [32] who reported that the percent of  lettuce seeds 
germination decreased significantly 64%, 82.5%, and 92.5% 
by 25, 35, and 50 µM/L of  Cd, respectively, compared to 
the control treatment.

Lower concentrations of  SA (2 and 4 mM) were more 
beneficial than higher concentrations (6 and 8 mM). Bankole 
et al. [33] reported that a foliar treatment of  1 mM SA resulted 
in an 8% increase in lettuce height and a 53.16% increase 
in plant biomass. In addition, a foliar treatment of  3 mM 
stimulated a 13% growth increase compared to the control 
plants. The application of  SA also slightly decreased the 
effects of  water potential in lettuce, which typically leads 
to significant reductions in growth and yield during water 
stress conditions. The findings of  Hassoon [7] revealed that 
cadmium concentrations in local lettuce from Baghdad, 
Iraq, were measured at 1.93 mg/kg dry matter, exceeding 
the normal range of  0.05–1 mg/kg. The enrichment of  soil 
with cadmium results in increased concentrations due to two 
interrelated factors: Its relative mobility and its affinity for 
association with organic matter [34].

The notable reduction in plant leaf  area due to elevated SA 
concentration (Table 2) aligns with observations by Talabany 
and Albarzinji [24], where increasing SA concentration to 2 
mM decreased lettuce leaf  area and the results of  Youssef  
et al. [35] who demonstrated beneficial effects of  foliar 
application of  SA up to 0.5 mM on the vegetative growth 
parameters of  lettuce leaf  area.

Our findings contrast with those of  Zhao et al. [36], who 
reported a decrease in net growth of  plants with increasing 
cadmium concentration. This discrepancy may be attributed 
to the lower Cd concentration utilized in the present 
study. However, our results align with Zhao’s observations 
regarding the reduction in shoot and root dry matter at a 
Cd concentration of  30 mM. This decrease may be linked 
to an increase in seedling fresh weight in both shoot and 
root, resulting from an imbalance of  certain plant growth 
hormones, particularly auxins [37], or a disruption in the 
balance of  essential minerals for plant growth [38].

The beneficial effects of  SA at low concentrations on shoot 
and root growth were consistent with the results of  Shehata 
et al. [39], which reported that foliar application at 100-300 
PPM resulted in enhanced shoot growth. Pre-treatment with 
SA before Cd application showed a significant increase in 
root dry weight, while SA exhibited a non-significant effect 
on root fresh weight. The combination of  SA with Cd 
significantly decreased root fresh weight. Shehata et al. [39] 
reported similar findings, indicating that SA pretreatment 
significantly increased the fresh weight of  roots under 
drought stress. In addition, Hou et al. [40] demonstrated that 
cadmium may inhibit growth by interfering with essential 
metabolic processes, including photosynthesis and the 
transport of  photosynthetic products and nutrients. The 
decrease in the percent of  dry matter in lettuce leaves under 
cadmium stress may result from disruption of  photosynthesis 
due to the displacement of  Cd2+ ions by Mg2+ ions in the 
chlorophyll molecule and Cd stress inhibited the synthesis 

TABLE 4: The effect of seed soaking in cadmium 
chloride (Cd), salicylic acid (SA) and their 
interactions on some photosynthetic pigments of 
Lactuca sativa L. Var. Romaine seedling
Treatments Chlorophyll 

a 
Chlorophyll 

b
Total 

carotenoids
mg/g Fresh weight

Cd Concentration (mM)
Cd0 0.306ab* 0.255ab 0.168a
Cd10 0.310a 0.262ab 0.167a
Cd20 0.274b 0.232b 0.148b
Cd30 0.321a 0.280a 0.165ab

SA Concentration (mM)
SA0 0.306a 0.256a 0.163b
SA2 0.269b 0.223b 0.146b
SA4 0.303a 0.263a 0.157b
SA6 0.333a 0.286a 0.184a

Interactions between Cd and SA
Cd0SA0 0.287bcde 0.243bcdefg 0.160cde
Cd0SA2 0.283bcde 0.250bcdefg 0.167bcd
Cd0SA4 0.277cde 0.237cdefg 0.130de
Cd0SA6 0.377a 0.290abcd 0.217a
Cd10SA0 0.383a 0.310ab 0.207ab
Cd10SA2 0.263de 0.217efg 0.137de
Cd10SA4 0.313abcd 0.270abcdef 0.170bcd
Cd10SA6 0.280bcde 0.250bcdefg 0.157cde
Cd20SA0 0.237e 0.203fg 0.123e
Cd20SA2 0.263de 0.197g 0.140de
Cd20SA4 0.273cde 0.243bcdefgh 0.153cde
Cd20SA6 0.323abcd 0.283abcde 0.173bcd
Cd30SA0 0.317abcd 0.267abcdef 0.160cde
Cd30SA2 0.267de 0.230defg 0.140de
Cd30SA4 0.347abc 0.303abc 0.173bcd
Cd30SA6 0.353ab 0.320a 0.190abc 

*According to Duncan’s Multiple Range test, means that have the same letters on 
columns are not significantly different at P≤0.05. 
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of  photosynthetic pigments and photosynthesis-related 
proteins or subunits, eventually affected the fixation of  CO2, 
as manifested by the decreased plant biomass [41], [42].

The results reported in Table 4 indicate that soaking seeds in 
cadmium (Cd), SA, or their combinations resulted in varied 
responses. The increase in chlorophyll a and b at high SA 
concentration supports the findings of  Youssef  et al. [35] who 
found that foliar application of  SA up to 20 mM increased 
chlorophyll a and b significantly compared to the control 
and lower and higher SA concentrations. In addition, it 
aligns with the findings of  Shehata et al. [39], which indicated 
an increase in Car. Due to foliar spray with SA [23]. The 
significant decreases in Chl. a, b, and total Car. With Cd20 
application (Table 4) were reported by Matraszek et al. [6], 
who demonstrated that chlorophyll content significantly 
decreased with increasing concentrations of  Cd in lettuce. 
This finding contrasts with the concentration of  Cd30, which 
may be attributed to the enhancement of  certain hormones 
and antioxidant defenses in cells. The decrease in chlorophyll 
levels in lettuce leaves under cadmium stress may result from 
the damage to chloroplast ultrastructure, the expression of  
important enzymes in the pathway of  chlorophyll synthesis in 
leaves delayed, resulting in a reduction in chlorophyll content, 
degradation of  carotenoids, and a reduction in carotenoids 
content [41], [43].

4. CONCLUSIONS AND RECOMMENDATIONS

This study concludes that soaking lettuce seeds in a solution 
of  30 mM of  Cd and 2 or 4 mM of  SA improve germination 
percent and subsequent vegetative growth of  lettuce 
seedlings. Hence, low concentrations of  Cd can estimate 
the growth of  lettuce seedlings. Cd at 10 mM without SA 
increased photosynthetic pigments specially Chl.a and total 
carotenoids. SA concentration more than 4 mM is not 
recommended regarding seeds and seedling treatments. 
More studies are recommended about the effects of  higher 
concentrations of  Cd to reach the toxic concentration on 
seed germination and subsequent vegetative growth.

REFERENCES

[1]	 M. Rafique, Z. Noreen, S. Usman, A. A. Shah, H. Taj, M. A. El-
Sheikh and I. J. Lee. “Mitigation of adverse effect of cadmium 
toxicity in lettuce (Lactuca sativa L.) through foliar application of 
chitosan and spermidine”. Scientific Reports, vol. 15, 1, p. 9062, 
2025.

[2]	 A. M. Abd Al-Shammari and J. N. N. Al-Sumaidaie. “Effect of 
variety and plant density on vegetative growth and yield of lettuce 

(L) Lactuca sativa”. Indian Journal of Ecology, vol.  50 Special 
Issue no. 22, pp. 70-75, 2023.

[3]	 J. W. Kadereit. “Asterales: Introduction and conspectus. In: 
Flowering Plants. Vol.  8. Springer, Berlin, Heidelberg, pp.  1-6, 
2007.

[4]	 CSO-Iraq. “Crops and Vegetables Production Report for the Year 
April 2018 in Iraq. Central Statics Organization”. Ministry of Central 
Stoical Organization in Iraq-Baghdad, 2018.

[5]	 A. N. Matlub, S. M. Ez-Aldeen and S. A. Kream. “Vegetable 
Production (from Arabic). 1st  ed., Ch. 1. Musil University-Iraq: 
House of Books for Printing and Publishing”, University of Mosul, 
Iraq, 1989.

[6]	 R. Matraszek, B. Hawrylak-Nowak, S. Chwil and M. Chwil. 
“Macroelemental composition of cadmium stressed lettuce plants 
grown under conditions of intensive sulfur nutrition”. Journal of 
Environmental Management, vol. 180, pp. 24-34, 2016.

[7]	 H. A. Hassoon. “Heavy metals contamination for some imported 
and local vegetables”. Iraqi Journal of Agricultural Sciences, 
vol. 49, no. 5, pp. 794-802, 2018.

[8]	 K. Amjadian, E. Sacchi and M. Rastegari Mehr. “Heavy metals 
(HMs) and polycyclic aromatic hydrocarbons (PAHs) in soils of 
different land use in Erbil metropolis, Kurdistan Region, Iraq”. 
Environmental Monitoring and Assessment, vol.  188, no.  11, 
pp. 1-16, 2016.

[9]	 D. M. Orcutt and E. T. Nilsen. “Physiology of plants under stress: 
Soil and Biotic Factors”. Vol. 2. John Wiley & Sons, United States, 
2000.

[10]	 S. A. Jibril, S. A. Hassan, C. F. Ishak and P. E. Megat Wahab. 
“Cadmium toxicity affects phytochemicals and nutrient elements 
composition of lettuce (Lactuca sativa L.)”. Advances in Agriculture, 
vol. 2017, pp. 1-7, 2017.

[11]	 M. Rizwan, S. Ali, M. F. Qayyum, M. Ibrahim, M. Zia-ur-Rehman, 
T. Abbas and Y. S. Ok. “Mechanisms of biochar-mediated 
alleviation of toxicity of trace elements in plants: A critical review”. 
Environmental Science and Pollution Research, vol.  23, no.  3, 
pp. 2230-2248, 2016.

[12]	 Z. Liu, Y. Ding, F. Wang, Y. Ye and C. Zhu. “Role of salicylic acid in 
resistance to cadmium stress in plants”. Plant Cell Reports, vol. 35, 
no. 4, pp. 719-731, 2016.

[13]	 M. Gao, X. Chang, Y. Yang and Z. Song. “Foliar graphene oxide 
treatment increases photosynthetic capacity and reduces oxidative 
stress in cadmium-stressed lettuce”. Plant Physiology and 
Biochemistry, vol. 154, pp. 287-294, 2020.

[14]	 M. Edelstein and M. Ben-Hur. “Heavy metals and metalloids: 
Sources, risks, and strategies to reduce their accumulation in 
horticultural crops”. Scientia Horticulturae, 234, pp. 431-444, 2018.

[15]	 B. R. Glick. “Phytoremediation: Synergistic use of plants and 
bacteria to clean up the environment”. Biotechnology Advances, 
vol. 21, no. 5, pp. 383-393, 2003.

[16]	 M. Asgher, N. A. Khan, M. I. R. Khan, M. Fatma and A. Masood. 
“Ethylene production is associated with alleviation of cadmium-
induced oxidative stress by sulfur in mustard types differing in 
ethylene sensitivity”. Journal of Ecotoxicology and Environmental 
Safety, vol. 106, pp. 54-61, 2014.

[17]	 L. Peng and Y. Jiang. “Exogenous salicylic acid inhibits the 
browning of fresh-cut Chinese water chestnuts”. Food Chemistry, 
vol. 94, no. 4, pp. 535-540, 2006.

[18]	 Q. Hayat, S. Hayat, M. Irfan and A. Ahmad. “Effect of exogenous 
salicylic acid under changing environment: A review”. Environmental 
and Experimental Botany, vol. 68, no. 1, pp. 14-25, 2010a.



Swara, et al.: Salicylic Acid and Cadmium effects on Lettuce Seedling

22	 UHD Journal of Science and Technology | Jan 2026 | Vol 10 | Issue 1

[19]	 S. Hayat, S. A. Hasan, Q. Hayat, M. Irfan and A. Ahmad. “Effect of 
salicylic acid on net photosynthetic rate, chlorophyll fluorescence, 
and antioxidant enzymes in Vigna radiata plants exposed to 
temperature and salinity stresses”. Plant Stress, vol. 4, pp. 62-71, 
2010b.

[20]	 R. A. Agami and G. F. Mohamed. “Exogenous treatment with 
indole-3-acetic acid and salicylic acid alleviates cadmium toxicity 
in wheat seedlings”. Ecotoxicology and Environmental Safety, 
vol. 94, pp. 164-171, 2013.

[21]	 X. M. Li, L. J. Ma, N. Bu, Y. Y. Li and L. H. Zhang. “Effects of salicylic 
acid pre-treatment on cadmium and/or UV-B stress in soybean 
seedlings”. Biologia Plantarum, vol. 58, no. 1, pp. 195-199, 2014.

[22]	 T. Janda, O. K. Gondor, R. Yordanova, G. Szalai and M. Pál. 
“Salicylic acid and Photosynth’s signaling and effects”. Acta 
Physiological Plantarum, vol. 36, no. 10, pp. 2537-2546, 2014.

[23]	 A. Krantev, R. Yordanova, T. Janda, G. Szalai and L. Popova. 
“Treatment with salicylic acid decreases the effect of cadmium 
on photosynthesis in maize plants”. Journal of Plant Physiology, 
vol. 165, no. 9, pp. 920-931, 2008.

[24]	 N. Talabany and I. M. Albarzinji. “Effects of salicylic acid on some 
growth and physiological characteristics of lettuce (Lactuca sative 
L.) under cadmium stress conditions”. Science Journal of the 
University of Zakho, vol. 11, no. 1, pp. 37-44, 2023.

[25]	 F. Ahmadloo, M. Tabari, H. Yousefzadeh, Y. Kooch and A. Rahmani. 
“Effects of soil nutrient on seedling performance of Arizona cypress 
and medite cypress”. Annals of Biological Research, vol. 3, no. 3, 
pp. 1369-1380, 2012.

[26]	 A. A. AbuEl-Zahaba, A. M. Ashor and K. H. Al-Hadecy. 
“Comparative analysis of growth development and yield of five field 
been cultivates Vicia faba L”. Zeidachrift fur Ackeround pflanzebu, 
vol. 149, no. 1, pp. 1-13, 1980.

[27]	 J. A. Tudela, N. Hernández, A. Pérez-Vicente and M. I. Gil. 
“Growing season climates affect the quality of fresh-cut lettuce”. 
Postharvest Biology and Technology, vol. 123, pp. 60-68, 2017.

[28]	 H. K. Lichtenthaler and A. R. Wellburn. “Determinations of total 
carotenoids and chlorophylls a and b of leaf extracts in different 
solvents”. Biochemical Society Transactions, vol.  11, no.  5, 
pp. 591-592, 1983.

[29]	 S. M. Al-Mohammadi and F. M. Al-Mohammadi. “Statistics and 
Experimental Design”. Dar Osama for Publishing and Distribution, 
Jordan, p. 375, 2002.

[30]	 M. E. A. Carvalho, P. R. C. Castro and R. A. Azevedo. “Hormesis 
in plants under Cd exposure: From toxic to beneficial element?” 
Journal of Hazadrdious Materials, vol. 384, p. 121434, 2019.

[31]	 I. N. Moreira, L. L. Martins and M. Mourato. “Effect of Cd, Cr, Cu, 
Mn, Ni, Pb and Zn on seed germination and seedling growth of 
two lettuce cultivars (Lactuca sativa L.)”. Plant Physiology Reports, 
vol. 25, no. 2, pp. 26-31, 2020.

[32]	 O. V. Bautista, F. Fischer and J. F. Cárdenas. “Cadmium and 
chromium effects on seed germination and root elongation in 
lettuce, spinach and Swiss chard”. Agronomía Colombiana, 
vol. 31, no. 1, pp. 48-57, 2013.

[33]	 A. E. Bankole, C. E. Umebese, R. T. Feyisola and T. O. Bamise. 
“Influence of salicylic acid on the growth of lettuce (Lactuca sativa 
var longifolia) during reduced leaf water potential”. The Journal of 
Applied Sciences and Environmental Management, Vol. 22, no. 4, 
pp. 543-540, 2018.

[34]	 O. Rapheal and K. S. Adebayo. “Assessment of traces heavy metal 
contaminations of some selected vegetables irrigated with water 
from river Benue within Makurdi, Metropolis, Benue state Nigeria”. 
Advances in Applied Science Research, vol. 2, no. 5, pp. 590-601, 
2011.

[35]	 S. Youssef, S. A. E. Abd Elhady, N. A. I. Abu El-Azm and M. Z. El-
Shinawy. “Foliar application of salicylic acid and calcium chloride 
enhances the growth and productivity of lettuce (Lactuca sativa)”. 
Egyptian Journal of Horticulture, vol. 44, no. 1, pp. 1-16, 2017.

[36]	 H. Zhao, J. Guan, Q. Liang, X. Zhang, H. Hu and J. Zhang. “Effects 
of cadmium stress on growth and physiological characteristics of 
sassafras seedlings”. Scientific Reports, vol. 11, no. 1, pp. 1-11, 
2021. 

[37]	 K. H. Hasenstein, M. L. Evans, C. L. Stinemetz, R. Moore, W. M. 
Fondren, E. C. Koon, M. A. Higby and A. J. Smucker. “Comparative 
effectiveness of metal ions in inducing curvature of primary roots of 
Zea mays”. Plant Physiology, vol. 86, no. 3, pp. 885-889, 1988.

[38]	 P. Das, S. Samantaray and G. R. Rout. “Studies on cadmium 
toxicity in plants: A review”. Environmental Pollution, vol. 98, no. 1, 
pp. 29-36, 1997.

[39]	 S. A. Shehata, M. A., Mohamed and S Y. Attallah. “Salicylic acid 
enhances growth, yield and quality of lettuce plants (Lactuca sativa 
L.) under drought stress conditions”. Journal of Plant Production, 
vol. 11, no. 12, pp. 1581-1586, 2020.

[40]	 W. Hou, X. Chen, G. Song, Q. Wang and C. C. Chang. “Effects 
of copper and cadmium on heavy metal polluted waterbody 
restoration by duckweed (Lemna minor)”. Plant Physiology and 
Biochemistry, vol. 45, no. 1, pp. 62-69, 2007.

[41]	 X. Chen, Y. Tao, Y. Wu Y and X. Xu. “Effects of Cadmium on 
metabolism of photosynthetic pigment and photosynthetic system 
in Lactuca sativa L. revealed by physiological and proteomics 
analysis”. Scientia Horticulturae, vol. 305, no. 17, p. 111371, 2022.

[42]	 Y. T. Hsu and C. H. Kao. “Role of abscisic acid in cadmium tolerance 
of rice (Oryza sativa L.) seedlings”. Plant, Cell and Environment, 
vol. 26, no. 6, pp. 867-874, 2003.

[43]	 N. N. Loi, N. I. Sanzharova, N. I. Shchagina and M. P. Mironova. 
“The effect of cadmium toxicity on the development of lettuce 
plants on contaminated sod-podzolic soil”. Russian Agricultural 
Sciences, vol. 44, no. 1, pp. 49-52, 2018.


