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Abstract  
 

Vegetables are a crucial part of the food chain. Vegetables are abundant sources of proteins, fats, minerals, carbohydrates, 

vitamins and antioxidants. The consumption of leafy vegetables is steadily rising in both urban and rural communities. The 

rising content of cadmium (Cd) in the food chain through the wastewater poses a significant threat to growth of plants and 

human health. Cadmium interferes with plant processes like transpiration, nitrogen assimilation, photosynthesis, and 

respiration. Main purpose of this experiment was to investigate the side effects of various exposure durations and various 

Cd concentrations on the physiology and growth of spinach. This research was conducted using a factorial design with five 

Cd doses and three exposure durations (25, 50, and 75 days), set up according to CRD and applying three replications. 

Results indicated that leaf area, root length and plant height were impacted by Cadmium concentrations up to 40 mg kg-1. 

Additionally, biochemical, and photosynthetic parameters were also affected. Spinach showed tolerance to various levels 

of cadmium. The highest tolerance index for spinach was observed at 10 mg Cd kg−1 soil after 50 DoE, while the lowest 

tolerance index was recorded at 40 mg Cd kg−1 soil after 75 DoE. Cd accumulation in the vegetables, daily intake via 

consumption poses significant health risks. The findings suggest that both the duration of exposure and Cd dosage are 

critical in determining Cd toxicity, as evidenced by significant reductions in spinach growth and physiological parameters. 

Consequently, the consumption of such Cd-contaminated vegetables could pose serious health risks to humans. 
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1. INTRODUCTION 
Around 27% of vegetables are irrigated with 

wastewater [1]. This wastewater is considered as an 

appealing irrigation source due to its content of important 

nutrients such as iron, zinc, nitrogen, phosphorus, copper 

and nickel. However, it also contains harmful heavy 

metals like cadmium, chromium, lead and arsenic, which 

can pose significant health risks if consumed beyond 

optimum levels [2,3]. Cadmium (Cd) is considered the 

seventh most toxic element. Soil toxicity with cadmium 

in Pakistan ranges from 3.47 to 6 mg/kg, depending on 

soil type and region [4].  

 

In environment cadmium is released through 

various natural sources, such as weathering and volcanic 

eruptions as well as anthropogenic activities like the 

manufacturing of paint pigments and plastics, production 

of batteries containing cadmium, use of sewage sludge, 

mining and phosphate fertilizers [5]. Cadmium is readily 

absorbed by plants, and when these plants are eaten by 

humans, it can lead to various problems of health. For 

example, when rice toxicated with cadmium were 

utilized in Japan, it became cause of outbreak of itai-itai 

disease [6]. It is now recognized that cadmium can cause 

a range of diseases, including lung cancer, osteoporosis, 

anemia and hypertension [7].  

 

The accumulation of cadmium in parts of 

vegetables depends on the concentration of cadmium 

present in the soil [8]. Cadmium interferes with plant 

processes like transpiration, nitrogen assimilation, 
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photosynthesis and respiration. Numerous studies have 

reported the harmful effects of cadmium on seed 

germination, plant growth [5], chlorophyll content and 

CO2 fixation [9]. Studies have also elaborated the 

toxicity of cadmium to plants, with its effects varying 

depending on factors such as soil type, plant species, 

metal concentration in the growth medium and exposure 

duration [10]. Effects of cadmium exposure on crops 

such as wheat are well understood. But it's effects on 

leafy vegetables are poorly explained. 

 

Vegetables are abundant sources of proteins, 

fats, minerals, carbohydrates, vitamins and antioxidants. 

The consumption of leafy vegetables is steadily rising in 

both urban and rural communities [11]. Spinach 

(Spinacia oleracea L.) is an annual leafy vegetable 

known for its high nutritive value and short growth cycle. 

The cultivation and consumption of spinach are 

increasing annually in Pakistan, according to statistics of 

2017-18 spinach is cultivated on 8820 hectares of land. 

 

Wastewater is major source of irrigation for 

vegetables grown in peri urban areas. Furthermore, 

recent research has revealed elevated levels of cadmium 

concentration in both food crops and soil in Pakistan. 

Peoples who consume vegetables face an increased risk 

of developing cadmium-related illnesses [12]. Hence, it 

is crucial to evaluate the risks associated with cadmium 

accumulation in spinach. Thus, the specific aims of this 

study are to investigate (1) the dose- and time-dependent 

impact of cadmium on the growth and physiological 

processes of spinach and (2) the cadmium accumulation 

in parts of spinach. 

 

2. MATERIALS AND METHODS 
2.1. Experimental Details 

The soil was processed and air dried to 

determine its basic properties. The experimental soil had 

a EC of 1.55 ± 0.47 dS m−1, pH of 7.77 ± 0.8, nitrogen 

content of 0.053 ± 0.0022% and phosphorus content of 

9.39 ± 1.222 mg kg−1. The soil's textural class was sandy 

loam, consisting of 15% clay, 55% sand and 30%. 10 kg 

of sieved Cd-contaminated soil (with concentrations of 

0, 10, 20, 30, and 40 mg kg−1) was placed in pots. 10 

seeds od spinach were cultivated in each pot and 

irrigation was done with distilled water. At seedling 

stage, thinning of plants were done to uniform five plants 

per pot. Data on seedling growth attributes, as well as 

biochemical and physiological traits, were collected at 

three harvests: 25, 50, and 75 exposure duration. 

 

2.2. Collection of Data 

To record data three plants from each pot were 

tagged randomly. Growth parameters of these tagged 

such as height was measured with the help of measuring 

tape, portable area meter was used to measure leaf area. 

Then tagged plants were then harvested to measure root 

length. To measure physiological parameters like 

transpiration rate (E), stomatal conductance (Gs) and 

photosynthetic rate (A) an infrared gas analyzer was 

used. These measurements were taken during daytime. 

During data collection, the leaf chamber molar gas flow 

rate was set to 248 μmol s−1, with an ambient CO2 

concentration of 352 μmol mol−1. The leaf chamber 

temperature ranged from 36.1 to 40.4 °C, ambient 

pressure was 98.01 kPa, and the molar flow of air per leaf 

area was 221.06 mol m−2 s−1. [13] protocols were used 

to measure chlorophyll content. 

 

2.3. Cadmium analysis 

After collection samples of each treatment were 

washed with water, dried with tissue paper and then dried 

in oven at 70°C. Then these samples were grounded with 

the help of mill to form a fine powder. Then according to 

[14] procedure a sample of grounded powder was wet 

digested in a diacid mixture of HNO3 and HClO4. Then 

with the help of spectrophotometer, cadmium 

concentration in the powder was measured.  

 

2.4. Statistical analysis of data  

his research was conducted using a factorial 

design with five Cd doses and three exposure durations 

(25, 50, and 75 days), set up according to CRD and 

applying three replications. To assess the effects of Cd 

levels and exposure times on physiology, growth and Cd 

accumulation, a two-way (ANOVA) was conducted 

using Statistics 8.01. The significance between treatment 

means was determined using the LSD test at a 5% 

probability level. 

 

3. RESULTS 
In this experiment five treatments of cadmium 

were used for three exposure durations. ANOVA showed 

significant differences for treatments of cadmium and 

treatments  exposure duration for all physiological and 

growth parameters. Mean squares of ANOVA for all 

traits are represented in tables. 

 

3.1. Effect of Cd on growth 

Spinach showed increased plant height, deeper 

roots, and larger leaf areas over time in normal soil 

conditions, with peak growth observed at 75 DoE (Fig-

1,2,3). However, these growth parameters significantly 

declined when exposed to cadmium (Cd). Each increase 

in Cd concentration led to notable reductions in plant 

height, root length, and leaf area, regardless of the 

exposure duration (DoE). Particularly in the first 25 DoE, 

spinach showed high sensitivity to Cd toxicity. 

Nonetheless, as the exposure duration increased, spinach 

demonstrated improved adaptation to Cd stress (Fig-

1,2,3). The data indicated that soil containing 40 mg Cd 

kg−1 led to a reduction in root length by up to 57% and 

leaf area by up to 60% [15, 16], highlighting these 

parameters as the most sensitive indicators of Cd toxicity 

beyond 25 DoE. 
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Fig-1: Graphical representation of LSD test for Plant Height 

 

 
Fig-2: Graphical representation of LSD test for Root Length 

 

 
Fig-3: Graphical representation of LSD test for Leaf Area 

 

3.2. Effect of Cd on Physiology 

Spinach displayed varying responses in its 

physiological characteristics. Under normal soil 

conditions, spinach produced increasing amounts of Chl 

a and Chl b over time, with peak levels observed at 75 

DoE. However, these chlorophyll indices significantly 
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declined upon exposure to cadmium (Cd). As Cd 

concentrations increased, Chl a and Chl b levels 

significantly decreased at each exposure time compared 

to the controls (Fig-4,5). Chl a level gradually declined 

with increasing Cd concentrations, reaching their lowest 

at 40 mg Cd kg−1 soil, while Chl b exhibited different 

patterns, with the maximum reduction occurring at 20 

mg Cd kg−1 soil [17]. Our findings suggest that Chl a 

and Chl b are highly sensitive indicators of Cd toxicity, 

irrespective of DoE. 

 

 
Fig-4: Graphical representation of LSD test for Chl a 

 

 
Fig-5: Graphical representation of LSD test for Chl b 

 

Transpiration rate (E), stomatal conductance 

(Gs) and photosynthetic rate (A) showed a linear 

relationship with time irrespective of cadmium levels 

(Fig-6,7,8). The highest photosynthetic rate was 

recorded at 75 DoE, while the maximum rates for E and 

Gs were seen at 50 days of eposure in both normal (Cd0) 

and Cd-affected soils (Cd10). Notably, low Cd 

concentrations up to 10 mg kg−1 soil did not affect A and 

E; however, increasing Cd concentrations from 20 to 40 

mg kg−1 soil significantly reduced A and E, regardless 

of the DoE. After 25 exposure duration, E were increased 

up to 1% at 10 mg cadmium level as compared to the 

control. At each exposure duration Gs showed significant 

decreased at 30 and 40 mg cadmium levels as compared 

to their controls. 
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Fig-6: Graphical representation of LSD test for Photosynthetic Rate 

 

 
Fig-7: Graphical representation of LSD test for Transpiration Rate 

 

 
Fig-8: Graphical representation of LSD test for Stomatal Conductance 

 

3.3. Effect of Cd on Shoot and Tolerance 

Cadmium levels in shoot was dependent on 

both soil Cd availability and the duration of exposure 

(DoE) (Fig. 9). With increase of cadmium levels in soil, 

shoot cadmium levels were also increased, with the 

highest concentration observed at 40 mg Cd level [18]. 

Similarly, exposure duration also significantly affected 
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on shoot cadmium levels showing maximum shoot 

cadmium level after 75 exposure duration.  

 

Ratio of dry biomass in cadmium affected soil 

to normal soil is known as tolerance index, decreased 

with both increasing DoE and higher Cd doses (Fig. 10). 

The highest tolerance index for spinach (87.77%) was 

showed at 10 mg Cd level after 50 exposure duration, 

while the lowest tolerance index (22.87%) was recorded 

at 40 mg Cd level after 75 exposure duration. 

 

 
Fig-9: Graphical representation of Shoot Contamination of Spinach at various levels of Toxicity and DoE 

 

 
Fig-10: Graphical representation of Tolerance Indices of Spinach at various levels of Toxicity and DoE 

 

CONCLUSIONS 
This analysis concludes that the tested 

physiological parameters of spinach declined with an 

increase in Cd dose alone, rather than exposure duration. 

Additionally, growth attributes such as root, shoot, and 

leaf area of were influenced by both Cd dose and 

exposure duration. Similarly, these growth parameters 

were more sensitive to Cd, suggesting their potential as 

crucial markers for assessing Cd toxicity in vegetables. 

The highest tolerance index for spinach was observed at 

10 mg Cd kg−1 soil after 50 DoE, while the lowest 

tolerance index was recorded at 40 mg Cd kg−1 soil after 

75 DoE. Which showed that concentration of cadmium 

and DoE both adversely affects on spinach. 
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