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A B S T R A C T   

Cadmium (Cd) is recognized as one of the most toxic elements to plants and humans when available in higher 
concentrations. In the present study, a pot experiment was carried out to investigate the effect of different Cd 
levels (0, 10, 20, 30, and 40 mg/kg) on the growth, production, and uptake of Cd using Chinese cabbage (Brassica 
rapa subsp. pekinensis) and pumpkin leaves (Cucurbita moschata Duchesne) vegetables. The study found signifi
cant differences (P < 0.05) in all growth parameters in the studied vegetables. The Cd treatments resulted in 
decreasing number of leaves, shoot fresh weight, shoot dry weight, and total dry weight in both vegetables 
compared to the control. The total dry weight of Chinese cabbage was decreased by 6.79%, 48.42%, 5.88%, and 
5.43%, at 10, 20, 30, and 40 mg/kg respectively compared to the control. In pumpkin leaves total dry weight was 
decreased by 28.95%, 28.95%, 18.42%, and 14.47% at 10, 20, 30, and 40 mg/kg respectively compared to the 
control. Increase and decrease effects on root length were observed for all the vegetables. Pumpkin leaves 
showed increased root length at 10 mg/kg (61.39%), 20 mg/kg (17.87%), and 30 mg/kg (70.03%) while at 40 
mg/kg, there was a decrease in root length by 20.13% as compared to the control. The root length of Chinese 
cabbage decreased by 25.05%, 8.4%, and 7.26% at 20 mg/kg, 30 mg/kg, and 40 mg/kg compared to the control 
except at 10 mg/kg which was found to be higher by 0.6% compared to the control. 

The Cd treatment in soil resulted in the increase of shoot Cd concentration in all the vegetables with maximum 
concentration observed at 20 mg/kg. Therefore, agricultural soil with elevated Cd levels will affect pumpkin and 
Chinese cabbage cultivation but also the consumption of such vegetables may result to toxic effects on human 
health.   

1. Introduction 

Potentially harmful elements (PHEs) are considered hazardous in the 
environment due to their persistence, bio-accumulative and toxicity 
nature [1]. Being persistent pollutants, PHEs accumulate in the envi
ronment and consequently contaminate the food chains [2]. Food crop 
contamination by PHEs is an issue of global concern due to the harmful 
health effects they pose to animals and humans through consumption 
[3]. 

Among various PHEs, cadmium (Cd) occupies the top position in 
terms of hazardous effects posed to plants and human health [4]. Cd is a 
non-essential trace metal, which is highly toxic to nearly all living or
ganisms [5]. The toxicity of Cd is a serious threat to the global agri
cultural system [6]. This element has become an extremely serious 
concern for food safety, particularly in developing countries [7]. Also, it 
is recognized as one of the most toxic elements, which is easily taken up 
by plants even though it has no identified role in plant metabolism [8,9]. 

The natural sources of Cd are volcanic emissions, forest fires, rock 
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dust, and flooding [10,11]. The main anthropogenic sources of Cd are 
phosphate fertilizers, sewage sludge, solid municipal waste, mining and 
smelting, incineration fumes from cadmium-containing products, auto
mobile emissions, coal burning, and metal manufacturing industries [7, 
11–14]. 

Soil contamination by PHEs like Cd and their uptake and accumu
lation by plants interfere with the life cycle of plants and therefore 
reduce crop yields. Contamination of the food chain by Cd may pose a 
risk to human life [15,16]. It is well known that food is the main source 
of Cd intake in the non-smoking population [17] whereas foods from 
plants are generally considered to be the main source of Cd exposure in 
the population [18]. 

Vegetables are important source of food and nutrition [19]. Leafy 
vegetable consumption has been identified as a dominant exposure 
pathway of Cd in the human body [18]. The increasing concentration of 
Cd in the food chain is posing a threat to the growth of plants as well as 
human life [16,19]. According to Joint FAO/WHO, leafy vegetables with 
accumulated Cd concentrations >0.2 mg/kg (fresh weight) are harmful 
to humans [20]. The accumulation of Cd causes a wide range of dele
terious effects on plants [18]. Different studies have reported that Cd 
affects plant growth, development, and biomass yield, and it can cause 
plant death due to its toxic effects on different metabolism and physi
ological processes [17,21–23]. 

In recent decades, the contamination of plants by Cd has gained 
much attention. Various studies have been conducted in different 
countries to determine Cd effect on plant growth. Several studies have 
reported the effect of Cd on the growth of medicinal plants [4,24,25]. 
Also, the effects of Cd on different food crops like sorghum [26], Chili 
[27], Cucurbita pepo [28], pea, wheat, and tomato [29], spinach, fenu
greek and coriander [19] have been reported. Despite of an enormous 
number of studies conducted on Cd, limited studies have focused on 
pumpkin leaves and Chinese cabbage. Therefore, the present study 
aimed to determine the effect of different concentrations of Cd on 
growth, Cd accumulation in the shoot, and production of Chinese cab
bage (Brassica rapa subsp. pekinensis) and pumpkin leaves (Cucurbita 
moschata Duchesne). 

2. Material and methods 

2.1. Soil sampling and analysis 

The pot experiment was conducted in a screen house at Mbeya 
University of Science and Technology, Mbeya, Tanzania (latitude 
8

◦

56′36.8″S, longitude 33
◦

25′4.0″E, and altitude 1638 m above the sea 
level) from September to November 2021. The topsoil (0–20 cm) was 
collected from Mount Rungwe Nature Forest Reserve, Mbeya (latitude 
9

◦

10.565′S, longitude 33
◦

37.870′E, and altitude 1692 m above sea level). 
The collected soil sample was air dried and passed through a 3.5 mm 
sieve and utilized as a medium to grow the two selected vegetables: 
pumpkin leaves and Chinese cabbage. Before the pot experiment, the 
physical and chemical properties of the soil were determined. The pH of 
the soil was determined according to the method described by Okalebo 
et al. [30]. Electrical conductivity (EC), cation exchange capacity (CEC), 
soil texture, soil organic matter (SOM)) and soil texture were determined 
by methods described by Estefan et al. [31]. Nutrients like nitrogen (N), 
phosphorus (P), and potassium (K) were determined following proced
ures described by Motsara and Roy [32]. The concentration of Cd was 
measured by Atomic Absorption Spectrometer (AAS) after the digestion 
of soil using hydrochloric acid (HCl) and nitric acid (HNO3) in ratio 3:1 
as described by Sharma et al. [33]. 

2.2. Experimental design 

The experiment was arranged in a randomized block design as 
described by Koller et al. [34]. In total 30 pots were observed (2 vege
tables x 5 Cd treatments x 3 replicates). About 1 kg portions of the soil 

were transferred to 2-L plastic pots (14.5 cm in diameter and 16 cm in 
height). The soils were then spiked with 5 Cd treatment levels (0 mg/kg 
(control), 10 mg/kg, 20 mg/kg, 30 mg/kg, and 40 mg/kg) using CdCl2. 
H2O as a source in the form of a solution. The solution was poured 
evenly onto the soil surface in pots. The soils were irrigated with water 
for 2 days so that Cd can be mixed thoroughly in the soil. The solution 
that exuded from the pot was collected at the bottom of the pot using a 
plastic plate and poured back into the soil to avoid any potential loss. 

Then four seeds of each vegetable were sown per pot. Good agro
nomic practices were carried out on the plants. All pots were regularly 
irrigated with tap water. In the second week from planting, the plants 
were thinned to two seedlings per pot. The number of leaves was 
recorded on a weekly basis. Plants were harvested after 42 days of 
growth. At the end of the experiment, the samples of each vegetable 
were collected from each treatment for plant growth, production, and 
cadmium determination. Plants were gently removed from the pots and 
the roots and shoots were further separated, rinsed with tap water, 
carefully washed with distilled water, and wiped with tissue paper. 

2.3. Determination of plant growth parameters 

Plant growth and yield parameters such as root length, stem length, 
shoot and root fresh weight were determined on the same day of har
vesting. Shoots and roots were then dried in an oven at 65 ◦C to constant 
weight. The dry weight of shoots and roots was then measured. 

2.4. Cadmium analysis 

Analysis of Cd in the shoots of vegetables was carried out in the soil 
laboratory, at Sokoine University of Agriculture, Tanzania. The dried 
plant shoot samples were ground to a fine powder and passed through a 
2 mm sieve. Samples were weighed, placed in flasks, and digested using 
nitric acid (HNO3) and hydrogen peroxide (H2O2) in ratio 5:4 as 
described by Pequerul et al. [35]. HNO3 (69%) was added and stirred 
until all the material was wet, followed by the addition of H2O2 (30%). 
The mixture was heated on a hot plate at 100 ◦C for 8 min. The solution 
was then cooled and filtered into a 25 ml volumetric flask using 
(Whatman filter No.42) and diluted to a final volume of 25 ml using 
deionized water and stored in a plastic bottle and kept at 4 ◦C until 
further analysis. Cd concentration was measured by Atomic Absorption 
Spectrometer (AAS, Thermo SCIENTIFIC, iCE 3000, UK). 

2.5. Relative production 

The effect of Cd on dry matter production was obtained using the 
following equation as described by Cannata et al. [36]. 

RP (%)=
dry matter produced using a given metal content

dry matter produced with metal absent
× 100  

2.6. Data management and statistical analysis 

Data management and processing were carried out using Microsoft 
Excel 2016. Statistical analysis of the data was performed using Jamovi 
statistical software (1.2.5). Growth parameters between vegetables and 
Cd treatment levels were compared using a Two-Way Analysis of Vari
ance (ANOVA). Tukey Post Hoc analysis was used to test the existence of 
significant differences (P < 0.05). Plots were prepared using Minitab 14 
and Origin Professional software (6.0). 

3. Results and discussion 

3.1. Physicochemical properties of the soil collected for pot experiment 

The data on the physicochemical properties of soil collected for the 
pot experiment is shown in Table 1. 
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3.2. Effects of Cd on the growth of leafy vegetables 

3.2.1. Effects of Cd on the number of leaves 
The average data obtained for the number of leaves at different 

weeks are shown in Figs. 1 and 2 for the pumpkin leaves and Chinese 
cabbage. At week 6, the number of pumpkin leaves at 20 mg/kg and 40 
mg/kg of Cd treatment were equivalent to the control while they were 
reduced by 13.4% and 6.6% at 10 mg/kg and 30 mg/kg Cd treatment 
respectively compared to the control treatment. The number of leaves in 
Chinese cabbage declined under different treatments. They were 
decreased by 5.82% (10 mg/kg), 20.56% (20 mg/kg), 8.83% (30 mg/ 
kg), and 9.33% (40 mg/kg) compared to that of control. Several studies 
have reported the decrease in the number of leaves in plants grown 
under Cd stress. For example, in blackberry nightshade and tomato [37], 
in Chili [27], and in rocket plants [38]. Cadmium is known to affect cell 
division in plants [38–40]. Cell division produces more cells in each leaf 
layer, which allows more leaves to be formed from the shoot apical 
meristem. Therefore, the reduced number of leaves in vegetables 
exposed to Cd may be attributed to the inhibition effect of Cd on cell 
division in the shoot tip. 

3.2.2. Effect of Cd on shoot fresh weight and shoot dry weight of vegetables 
The growth parameters of vegetables are summarized in Table 2. 

Exposure of vegetables to Cd stress resulted in reduced shoot fresh 
weight in both Chinese cabbage and pumpkin leaves as shown in Table 2 
and Fig. 3. Significant differences (P < 0.05) were observed between the 
fresh weight of Chinese cabbage and pumpkin leaves grown in soils 
treated with different levels of Cd. A significant decrease (P < 0.05) in 
shoot fresh weight of Chinese cabbage was observed at 20 mg/kg 

relative to the control. Shoot fresh weights of Chinese cabbage were 
decreased by 13.87%, 56.66%, 26.36%, and 22.08%, at 10 mg/kg, 20 
mg/kg, 30 mg/kg, and 40 mg/kg respectively compared to the control. 
Shoot fresh weight of pumpkin leaves decreased by 25.36%, 24.31%, 
21.08%, and 18.14% at 10 mg/kg, 20 mg/kg, 30 mg/kg, and 40 mg/kg 
respectively compared to the control. Shoot dry weights of leafy vege
tables grown on soils treated with different levels of Cd are shown in 
Table 2 and Fig. 4. There was a significant difference (P < 0.001) be
tween shoot dry weight of Chinese cabbage and pumpkin leaves. In 
Chinese cabbage, decrease in shoot dry weights were observed by 
7.58%, 48.82%, 7.58%, and 6.64% at 10 mg/kg, 20 mg/kg, 30 mg/kg, 
and 40 mg/kg respectively compared to the control. Pumpkin leaves 
showed a decreased shoot dry weight by 30.66%, 32.85%, 23.36%, and 
18.25% at 10 mg/kg, 20 mg/kg, 30 mg/kg, and 40 mg/kg respectively 
compared to the control. 

These findings are in line with some of the earlier studies. For 
example [28], observed the decrease in shoot fresh weight of Curcubita 
pepo plants and [41] reported the decrease in shoot fresh weight of rape 
cultivated in Cd contaminated growth media. Zhang et al. [42] found the 
decrease in shoot dry weight of muskmelon plants grown under Cd 
stress. Cadmium was also reported to decrease the shoot and total 
biomass of radish plants [43]. Physiological and biochemical processes 
are known to be inhibited by Cd toxicity resulting in a decline in crop 
yield [44]. Therefore, the decrease in the fresh weight of the shoot may 
be attributed to the effect of Cd on the transpiration and water content of 
the shoot [45]. The reduction in shoot dry weight of vegetables under Cd 
stress may be attributed to reduced growth of vegetables resulting from 
Cd effects on respiration, water and nutrient uptake, nitrogen and car
bon assimilation, photosynthesis, and antioxidant activities [7,40, 
45–47]. 

3.2.3. Effect of Cd on the fresh and dry weight of root 
The root fresh weights of leafy vegetables are shown in Table 2 and 

Fig. 5. Significant differences (P < 0.001) were observed in root fresh 
weight between Chinese cabbage and pumpkin leaves grown in soil 
treated with different levels of Cd. Exposing leaf vegetables to different 
levels of Cd resulted in the decrease of root fresh weight of Chinese 
cabbage by 10.13%, 65.4%, 48.68%, and 44.34% at 10 mg/kg, 20 mg/ 
kg, 30 mg/kg, and 40 mg/kg respectively. Decreases in root fresh weight 
of pumpkin leaves were observed at 10 mg/kg and 20 mg/kg by 6.82% 
and 5.3% respectively and it was found to increase by 53.79% and 
17.42% at 30 mg/kg and 40 mg/kg respectively in relation to the con
trol. The decrease in root fresh weight of Chinese cabbage may be due to 
the decreased water content of the root due to the inhibition effect of Cd 
on transpiration. Transpiration plays an important role in maintaining 
the water content of the root [45,48]. 

Table 1 
Physicochemical properties of soil collected for pot 
experiment.  

Parameters Values 

Soil pH 5.46 
OC (%) 9.85 
EC (μs/cm) 235.00 
CEC (Cmol/kg) 9.36 
N (%) 0.99 
P (mg/kg) 3.46 
K (Cmol/kg) 1.04 
Cd (mg/kg) 1.50 
%clay 15.76 
%silt 4.00 
%sand 80.24 
Texture class Sandy loam  

Fig. 1. Effect of different treatment levels of Cd (0, 10, 20, 30, and 40 mg/kg) 
on the number of pumpkin leaves. Values are means of three replicates ±
standard deviation. 

Fig. 2. Effect of different treatment levels of Cd (0, 10, 20, 30, and 40 mg/kg) 
on the number of Chinese cabbage leaves. Values are means of three replicates 
± standard deviation. 
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Root dry weights of leafy vegetables are shown in Table 2 and Fig. 6. 
There were significant differences (P < 0.001) observed in root dry 
weight of Chinese cabbage and pumpkin leaves grown in soil treated 
with different levels of Cd. The root dry weight of Chinese cabbage 
increased at 10 mg/kg (13.75%), 30 mg/kg (61.86%), and 40 mg/kg 
(23.71%) and was found to be reduced at 20 mg/kg (31.24%) compared 
to the control. In pumpkin leaves, the root dry weight increased by 
6.67%, 26.67%, and 20% at 20 mg/kg, 30 mg/kg, and 40 mg/kg 
treatments and reduced at 10 mg/kg by 13.33% relative to the control. 
An increase in root dry weight was observed in the study carried out by 
Xin et al. [43] in radish and by Zhang et al. [42] in muskmelon plants 
grown under Cd stress compared to the control. The increase in root dry 
weight experienced by vegetables in this study could be due to the in
direct effect of essential trace elements in the dilution of Cd concen
tration by increasing plant biomass [7,49]. 

3.2.4. Effect of Cd on total dry weight 
Exposure of vegetables to Cd stress resulted in reduced total dry 

weight in both Chinese cabbage and pumpkin leaves as shown in Table 2 
and Fig. 7. Significant differences (P < 0.001) were observed between 
the total dry weight of Chinese cabbage and pumpkin leaves grown in 
soils treated with different levels of Cd. The total dry weight of Chinese 
cabbage was decreased by 6.79%, 48.42%, 5.88%, and 5.43%, at 10 mg/ 
kg, 20 mg/kg, 30 mg/kg, and 40 mg/kg respectively compared to the 

Table 2 
Effects of different Cd treatments on the growth of leafy vegetables.  

Vegetable Cd treatments (mg/kg) sfw (g) sdw (g) rfw (g) rdw (g) rl (cm) sl (cm) tdw (g) 

Chinese cabbage 0 14.49 ± 2.630a 2.11 ± 0.412a 0.76 ± 0.366a 0.0967 ± 0.055a 11.43 ± 3.371a 1.17 ± 0.058a 2.21 ± 0.448a 

10 12.48 ± 5.368ab 1.95 ± 0.895a 0.683 ± 0.307a 0.11 ± 0.04a 11.5 ± 2.667a 1.17 ± 0.115a 2.06 ± 0.899a 

20 6.28 ± 1.164b 1.08 ± 0.167a 0.263 ± 0.031a 0.0667 ± 0.006a 8.57 ± 3.415a 1.03 ± 0.058a 1.14 ± 0.170a 

30 10.67 ± 0.901ab 1.95 ± 0.087a 0.39 ± 0.098a 0.13 ± 0.006a 10.47 ± 2.483a 1.1±0a 2.08 ± 0.081a 

40 11.29 ± 2.977ab 1.97 ± 0.513a 0.423 ± 0.065a 0.12 ± 0.04a 10.6 ± 2.879a 1.1 ± 0.1a 2.09 ± 0.552a 

Pumpkin leaves 0 10.53 ± 2.452a 1.37 ± 0.289a 1.32 ± 0.370ab 0.15 ± 0.023a 26.13 ± 8.909bc 8.83 ± 1.021ab 1.52 ± 0.297a 

10 7.86 ± 0.696a 0.95 ± 0.150a 1.23 ± 0.151b 0.13 ± 0.04a 42.17 ± 14.585ab 7.17 ± 0.252bc 1.08 ± 0.185a 

20 7.97 ± 2.423a 0.92 ± 0.196a 1.25 ± 0.329b 0.16 ± 0.0153a 30.8 ± 5.323abc 7.97 ± 1.007abc 1.08 ± 0.210a 

30 8.31 ± 1.920a 1.05 ± 0.197a 2.03 ± 0.287a 0.19 ± 0.023a 44.43 ± 4.965a 6.73 ± 0.321c 1.24 ± 0.204a 

40 8.62 ± 0.785a 1.12 ± 0.145a 1.55 ± 0.085ab 0.18 ± 0.017a 20.87 ± 1.484c 9 ± 1.3a 1.3 ± 0.153a 

Note: sfw (shoot fresh weight), sdw (shoot dry weight), rfw (root fresh weight), rdw (root dry weight), rl (root length), sl (stem length), tdw (total dry weight). Values 
are means ± Standard deviation (n = 3). Mean values for the same vegetable in the same column sharing the same superscript letter(s) under different Cd treatments (0, 
10, 20, 30, 40 mg/kg) do not differ significantly according to Tukey Post Hoc test at P < 0.05. 

Fig. 3. Effects of different Cd treatments on shoot fresh weight of Chinese 
cabbage (Csfw) and pumpkin leaves (Psfw) exposed to different treatments of 
Cd (0, 10, 20, 30, and 40 mg/kg). Values are means of three replicates. 

Fig. 4. Effects of different Cd treatments on shoot dry weight of Chinese cab
bage (Csdw) and pumpkin leaves (Psdw) exposed to different treatments of Cd 
(0, 10, 20, 30, and 40 mg/kg). Values are means of three replicates. 

Fig. 5. Effects of different Cd treatments on root fresh weight of Chinese cab
bage (Crfw) and pumpkin leaves (Prfw) exposed to different treatments of Cd 
(0, 10, 20, 30, and 40 mg/kg). Values are means of three replicates. 
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control. Total dry weight of pumpkin leaves was decreased by 28.95%, 
28.95%, 18.42%, and 14.47% at 10 mg/kg, 20 mg/kg, 30 mg/kg, and 
40 mg/kg respectively compared to the control. The reduction in total 
dry weight under Cd stress may be attributed to the reduced growth of 
vegetables resulting from Cd effects on respiration, water and nutrient 
uptake, nitrogen and carbon assimilation, photosynthesis, and antioxi
dant activities [7,40,45–47]. 

3.2.5. Effect of Cd on root and stem length 
The effect of different Cd treatments on the root length of leafy 

vegetables is shown in Fig. 8 and Table 2. There was a significant dif
ference (P < 0.001) in root length between Chinese cabbage and 
pumpkin leaves. A significant increase (P < 0.05) in the root length of 
pumpkin leaves was observed at 30 mg/kg relative to the control. 
Pumpkin leaves showed increased root length at 10 mg/kg (61.39%), 20 
mg/kg (17.87%), and 30 mg/kg (70.03%) while at 40 mg/kg, there was 
a decrease in root length by 20.13% as compared to the control. The root 
length of Chinese cabbage decreased by 25.05%, 8.4%, and 7.26% at 20 

mg/kg, 30 mg/kg, and 40 mg/kg compared to the control except at 10 
mg/kg which was found to be higher by 0.6% compared to the control. 

The effect of different Cd treatments on stem length of leafy vege
tables is shown in Table 2. Significant differences (P < 0.001) were 
observed in stem length between Chinese cabbage and pumpkin leaves 
grown in soil treated with different levels of Cd. The reductions in stem 
length of Chinese cabbage plants because of treatment with Cd were 
observed at 20 mg/kg (11.97%), 30 mg/kg (3.42%), and 40 mg/kg 
(5.99%) compared to the control. Moreover, similar stem length was 
observed at 10 mg/kg and control treatment. The stem length of 
pumpkin leaves was reduced by 18.8%, 9.74%, and 23.78% at 10 mg/ 
kg, 20 mg/kg, and 30 mg/kg respectively, and increased by 1.93% at 40 
mg/kg compared to the control. A significant reduction (P < 0.05) in 
stem length of pumpkin leaves was observed at 30 mg/kg by 23.78% 
compared to the control. Similar observation was reported by Hassan 
et al. [26] in stem length of sorghum and Piršelová et al. [50] observed 
an increase in the length of shoot of faba bean grown under Cd stress. 
Plants adapt to different types of stress conditions to ensure their exis
tence through different tolerance mechanisms. One of the means by 
which plants respond to stress includes the synthesis of phytohormones. 
Therefore, the increase in root and shoot length observed in Cd exposed 
plants in this study may be due to the synthesis of Indole acetic acid 
(IAA) which increased root and stem growth to reduce the effect of Cd in 
vegetables [7,47,49]. IAA is a plant growth hormone that plays a sig
nificant role during different stress conditions [51]. The increase in the 
IAA level in shoot and roots were observed by Labidi et al. [28] 
following exposure of Cd to Cucurbita pepo which stimulated root growth 
compared to the control. 

3.3. Effects of different Cd treatments on shoot Cd uptake 

Plants grown in contaminated soil may not only uptake essential 
elements but also non-essential elements like Cd. The mean concentra
tions of Cd in shoots of pumpkin leaves and Chinese cabbage cultivated 
in different Cd soil treatments are shown in Table 3 and Fig. 9. The mean 
concentrations of Cd showed variation at different treatment levels. 
Treatment of Cd in the soil led to an increase in shoot Cd concentration 
of studied vegetables, however, the increase was not progressive. The 
uptake of Cd was significantly higher (P < 0.001) in Chinese cabbage 
compared to pumpkin vegetables. The differences in shoot Cd concen
trations between vegetables under different Cd treatment levels and the 
control were significant at (P < 0.05). The maximum shoot Cd accu
mulations were 4.8471 mg/kg and 1.9688 mg/kg in Chinese cabbage 
and pumpkin vegetables respectively, both were observed at 20 mg/kg 

Fig. 6. Effects of different Cd treatments on root dry weight of Chinese cabbage 
(Crdw) and pumpkin leaves (Prdw) exposed to different treatments of Cd (0, 10, 
20, 30, and 40 mg/kg). Values are means of three replicates. 

Fig. 7. Effects of different Cd treatments on total dry weight of Chinese cab
bage (Ctdw) and pumpkin leaves (Ptdw) exposed to different treatments of Cd 
(0, 10, 20, 30, and 40 mg/kg). Values are means of three replicates. 

Fig. 8. Effects of different Cd treatments on root length of Chinese cabbage 
(Crl) and pumpkin leaves (Prl) exposed to different treatments of Cd (0, 10, 20, 
30, and 40 mg/kg). Values are means of three replicates. 
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of Cd treatment. In general, the order of uptake was 20 > 40 > 10 > 30 >
0 for pumpkin leaves and 20 > 10 > 40 > 10 > 0 for Chinese cabbage as 
shown in Fig. 9. Chinese cabbage vegetables had 3.95, 2.46, 5.67, and 
2.41-times higher shoots Cd concentration than pumpkin vegetable at 
10 mg/kg, 20 mg/kg, 30 mg/kg, and 40 mg/kg treatments respectively. 

Metal uptake in plants can be affected by several factors. The accu
mulation of Cd by plants is closely related to the availability of Cd than 
to the total amount of Cd present in the soil [52]. In addition to the total 
amount of Cd present in the soil other factors that may have contributed 
to these results include different plant species used in this study and 
ionic pressure of the soil due to different Cd treatments. Haider et al. [7] 
explained that the lower the ionic pressure of the growth medium the 
higher the metal content of the plant. Also, different plant species have 
different accumulation patterns of Cd [52,53] as found in this study that 
Chinese cabbage accumulated Cd more than pumpkin leaves. 

3.4. Relative production 

The relative production of vegetables studied is shown in Table 4. 
The production of shoots in Chinese cabbage were decreased by 7.58%, 
48.82%, 7.58%, and 6.64% at 10 mg/kg, 20 mg/kg, 30 mg/kg, and 40 
mg/kg treatment respectively compared to the control treatment. In
creases in the production of root was observed at 10 mg/kg, 30 mg/kg, 

and 40 mg/kg by 13.75%, 31.02%, and 24.1% while it was decreased at 
20 mg/kg by 31.02% relative to the control. The observed shoot pro
duction in pumpkin leaves decreased by 30.25%, 32.44%, 23.17%, and 
17.81% at 10 mg/kg, 20 mg/kg, 30 mg/kg, and 40 mg/kg treatment 
respectively compared to the control. The production of root increased 
at 20 mg/kg, 30 mg/kg, and 40 mg/kg by 6.52%, 21.79%, and 17.42% 
respectively while the decrease was found at 10 mg/kg by 15.2% rela
tive to the control treatment. The decrease in the shoot production of 
vegetables under Cd stress relative to control may be attributed to 
reduced growth of vegetables resulting from Cd effects on respiration, 
water and nutrient uptake, nitrogen and carbon assimilation, photo
synthesis, and antioxidant activities [7,40,45–47]. 

4. Conclusions and recommendation 

The findings of this study have revealed that the growth and pro
duction of vegetables were affected by Cd treatments. It can be 
concluded that, the uptake of Cd in the studied vegetables affected their 
normal growth and production. This study revealed that Chinese cab
bage accumulated more Cd as compared to pumpkin leaves, therefore it 
is suggested that any agricultural soil suspected to have high concen
trations of Cd will not be suitable for their use in the cultivation of 
pumpkin leaves and Chinese cabbage for human consumption or animal 
feed due to accumulation in the shoots of both vegetables. 

This study also revealed that all the studied parameters in Chinese 
cabbage vegetable were extremely reduced at 20 mg/kg treatment of Cd 
where the maximum Cd accumulation was observed in shoots. There
fore, this species might be a suitable candidate for Cd phytotoxicity and 
remediation studies. This is a pilot study with limitations such as; a few 
parameters were measured (growth, productivity, and shoot cadmium 
level), two plant species were used with limited growing period (42 
days). An in-depth investigation of morphological, anatomical, physio
logical, biochemical, and molecular effects of Cd needs to be carried out 
to contribute to a better understanding of Cd toxicity in plants. Also, the 
tolerance mechanisms of vegetables under Cd stress need further 
studies. In addition, an extension of the growing period and continuous 
measurement of Cd levels and effects at different plant stages might help 
to identify the plant stage at which maximum uptake of Cd occurs. 
Furthermore, the determination of Cd in roots might help to determine 
the phytoremediation potential of the studied vegetable species. 
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Table 3 
Effect of different Cd treatments on shoot Cd accumulation of leafy vegetables.  

Cd treatments (mg/kg) Pumpkin leaves Chinese cabbage 

Cd (mg/kg dw) Cd (mg/kg dw) 

0 ND 0.1453 ± 0.082c 

10 0.8306 ± 0.059c 3.2882 ± 0.634b 

20 1.9688 ± 0.01a 4.8471 ± 0.097a 

30 0.5342 ± 0.063c 3.032 ± 0.131b 

40 1.3153 ± 0.042b 3.1686 ± 0.042b 

Note: ND (not detected) and dw (dry weight). Mean values for the same vege
table in the same column sharing the same superscript letter(s) under different 
Cd treatments (0, 10, 20, 30, 40 mg/kg) do not differ significantly according to 
Tukey Post Hoc test at P < 0.05. 

Fig. 9. Effect of different treatment levels of Cd (0, 10, 20, 30, and 40 mg/kg) 
on shoot Cd accumulation of leafy vegetables. 

Table 4 
Effect of different Cd treatments on the production of leafy vegetables.  

Cd treatments (mg/kg) Chinese cabbage Pumpkin leaves 

Sdw (g) RP (%) Rdw (g) RP (%) Sdw (g) RP (%) Rdw (g) RP (%) 

0 2.1133 100 0.0967 100 1.3667 100 0.1533 100 
10 1.95 92.42 0.11 113.75 0.9533 69.75 0.13 84.8 
20 1.0767 51.18 0.0667 68.98 0.9233 67.56 0.1633 106.52 
30 1.95 92.42 0.1267 131.02 1.05 76.83 0.1867 121.79 
40 1.9733 93.36 0.12 124.1 1.1233 82.19 0.18 117.42  
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