Chemical and Biological Technologies in Agriculture© The Author(s) 2019
https://doi.org/10.1186/s40538-019-0170-3

Research

Plant growth stage influences heavy metal accumulation in leafy vegetables of garden cress and sweet basil
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Abstract
Background
Contamination of vegetable crops with heavy metals is a great threat to human health. On the other hand, monitoring plant tissue content of heavy metals at different growth stages could have important implications. In this study, shoot and root samples of garden cress and sweet basil were collected from five farms, from heavy metal polluted fields located in Shahre Rey, south of Tehran, Iran, in either young (3 weeks old) or mature (7 weeks old) plants. The concentrations of cadmium (Cd), lead (Pb), nickel (Ni), arsenic (As), chromium (Cr), cobalt (Co), copper (Cu), manganese (Mn) and zinc (Zn) in plant tissues were determined using atomic absorption spectroscopy. In another study, 2 weeks (young) or 6 weeks old (mature) plants of garden cress were subjected to three concentrations of Cd and Pb (0, 5, 10 mg L−1) under hydroponic sand culture for 5 days, in which Hoagland formula was used for nutrient solution preparation.

Results
The results showed that root concentration of various heavy metals, particularly Cd, As, Ni, Co, Cu, Mn and Zn but not Pb were significantly higher than their shoot concentration in either crop under field sampling. The leaf concentration of some heavy metals was significantly different in seedling and older (mature) plant samples of either crop. Young plant leaves of sweet basil had significantly less Cd, Pb, As and higher Cu than mature plants, whereas young garden cress plants had similar Cd, Pb and higher As and Zn concentrations than mature plants. The Cr, Co, Mn and Zn concentrations were similar in young and mature plants of sweet basil. The Mn, Co, Cr and Ni concentration of young and mature plants of either crop was also similar. The result of hydroponic study showed that young plants of garden cress had higher potential to accumulate lead in shoot and root, particularly in lower (5 mg L−1) than higher (10 mg L−1) lead concentration; however, root Pb concentration at 10 mg L−1 Pb of nutrient solution showed no difference between young and mature plants. Regarding cadmium, young garden cress plants accumulated higher Cd than mature plants in their shoot, particularly under higher Cd levels (10 rather than 5 mg L−1) of nutrient solution; however, a wide difference in root Cd concentration was observed under low (5 mg L−1) than higher (10 mg L−1) cadmium concentration of nutrient solution.

Conclusion
The results of these two studies indicate that despite that young plants have a higher potential for heavy metal uptake and accumulation, the low difference in young and mature plants in the polluted fields may be due to the longer period of plant growth of mature plants that may increase the risk of exposure to polluted air and dust deposition containing high levels of heavy metals.[image: A40538_2019_170_Figa_HTML.png]
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Background
Heavy metals in the environment can have potential toxicity on life and human health. Food contamination with heavy metals generally occurs during plant growth by root uptake (from the soil) and/or by leaf absorption from the polluted air. Production of food crops and staple feeds can be managed precisely to have less heavy metal contamination [21]. In soil, total concentration and bioavailability of heavy metals are important factors that can greatly vary by anthropogenic activities and climatic conditions [17, 24]. The soil concentration and availability of heavy metals have significantly increased during recent decades [1, 22]. In many arid regions, application of wastewater for agricultural irrigation particularly in vegetable cultivation is the main choice of fresh vegetable production for local markets. A huge body of scientific studies has reported the high levels of heavy metals in the tissue of agricultural crops, particularly vegetables, in polluted urban areas [5, 8, 16, 21, 23, 25].
Nowadays, food contamination with heavy metals and their harmful impacts on human and environment health is a major challenge in many countries. Various health problems have been reported due to food contamination with heavy metals [15, 17].
Industrial activities generally result in severe environmental pollution, particularly in developing countries, where there is no control on environmental impacts of human activities [22]. During the last decades, intensive industrial and cropping activities have dispensed heavy metals into the environment that may finally end in the food chain. The high level of heavy metals in plant tissues is generally due to supply of wastewater as an irrigation source to plants, sewage sludge, and high application rate of chemical fertilizers that have impurities including various heavy metals [14, 17, 29]. There are many reports of high levels of heavy metals in vegetable tissues grown in south of Tehran in Iran [5, 21, 22].
Some of the heavy metals are essential nutrient elements that have a vital role in plant as well as in human normal functioning. Nutrients such as Fe, Zn, Mn, Cu, Mo and Co are necessary or beneficial elements that only in high concentration can be toxic to plants [3, 13]. Nevertheless, the deficiency of micronutrient cations, particularly Fe, is one of the widespread nutritional disorders in dry and calcareous soils that results in reduced plant growth and quality production. The other heavy metals such as Cd, Pb, Cr, As, Ni, Se have no known biological function, and generally are considered as negative quality factor and sometimes with toxic effects on plant metabolism [17].
Plants’ ability to uptake, transfer and accumulate heavy metals can differ with growth stage, as generally seedlings may have higher uptake rate than mature plants. This difference in uptake is well documented with seedling versus mature plants regarding many necessary mineral nutrients [13]. In addition, the roots seem to have higher concentration of heavy metals than other plant tissues, due to theit direct contact with heavy metals in the soil. The aim of this study was to evaluate the effects of growth stage on accumulation of various heavy metals in leaves and roots of garden cress and sweet basil grown in a farmer’s field in southern suburb of Tehran. Therefore, with evaluation of the concentration and dynamics of heavy metals in tissues of leafy vegetables, as well as their potential of uptake and accumulation, it is possible to have better management program for crop growing and the type of consumption.

Materials and methods
Site characteristics
Samples of garden cress (Lepidium sativum L.) and sweet basil (Ocimum basilicum) plants were randomly harvested from cultivated farmer’s fields in Shahre Rey-South of Tehran, Iran. The region is a major production area of fresh vegetable crops for the capital and the nearby cities. It has a dry and hot climate with annual precipitation less than 200 mm. In the region, there are many small fields of vegetable production that are (directly or indirectly) dependent on streams of domestic and industrial wastewater supply for crops irrigation. In these fields, there is a continuous supply of each vegetable crop with gradual cultivations in 1–3 week intervals. For more than a century, the crop production of the region has been partly or fully dependent on wastewater irrigation, representing the area as polluted.

Field sample collection
Fields of different sizes were selected for the study, varying from 0.1 to 0.3 ha. Five samples of surface soil (0–30 cm depth) were collected from the fields, which after air drying was passed through a 2 mm sieve, homogenized and mixed, from which a sample was used for soil analysis. The physicochemical characteristics of the mixed soil are presented in Table 1.Table 1The physicochemical characteristics of topsoils collected from the cultivated fields


	Texture
	pH
	EC (dS m−1)
	Cd (mg kg−1)
	Pb (mg kg−1)
	As (mg kg−1)
	Cr (mg kg−1)
	Ni (mg kg−1)
	Zn (mg kg−1)
	Cu (mg kg−1)
	Co (mg kg−1)
	Mn (mg kg−1)

	Loamy
	7.4
	12.1
	12.2
	292
	7.4
	19.5
	16.8
	84.6
	22.7
	12.1
	46.4





Plant samples were collected during spring (for garden cress) and summer (for sweet basil) of 2011, in which five samples (as replications) were randomly collected from five nearby fields. Each sample consisted of three plants. In the fields, 2 to 3-week-old plants (from emergence) of garden cress (average 1.3 g/plant) and sweet basil (average 0.9 g/plant) were sampled as young plants (seedling), and 7- to 8-week-old garden cress (average 8.5 g/plant) and sweet basil (average 6 g/plant) plants were sampled as mature plants. Plants were precisely pulled out with maximum root system. The roots were gently cleaned of soil particles and whole plant samples were packed in paper bags and immediately transferred to a laboratory. Samples from edible parts (leaves) and root tissues of garden cress and sweet basil were used for heavy metal determination. The shoots were separated from the roots, and each part was gently washed with tap water and then distilled water to remove any possible dust on the leaves or soil particles on the roots.

Hydroponic culture
In another experiment under greenhouse hydroponic culture, 2-week-old (seedling or young plants) and 6-week-old (mature) garden cress plants were used. Plants were grown in black plastic pots (5–6 L volume) filled with sand (0.05–0.2 mm) and fed with Hoagland nutrient solution containing Pb and Cd treatments.
Different levels of Pb or Cd including 0, 5 and 10 mg L−1 were applied to plants via nutrient solution in a completely randomized design with four replications. Each pot as replicate consisted of five plants. A daily amount of 250 mL nutrient solution (containing heavy metal levels) was applied to each pot. The young or mature plants were subjected to heavy metal treatments for 5 days. Thereafter, plants were harvested for determination of Pb and Cd concentrations of leaf or root tissues. Plants were cut into the shoot and root, and the tissues were washed gently with tap water and distilled water and then dewatered by carefully pressing between tissue papers.

Measurements
The samples of leaf and root tissues were cut into small pieces and oven-dried at 60 °C for 48 h. The leaf samples consisted of petiole and blade tissues. The leaf and root samples were ground into powder using a grinding machine, transferred into small plastic bags and stored under dry conditions. At the time of analysis, 1 g of each sample was transferred to a crucible and placed in a furnace at 550 °C for 6 h to obtain dry ash of samples. The full digestion of ashes was performed using drops of HNO3 (2 N) and then HCl (1 N) solutions. The mixture was heated at 70 °C for 20 min until a light-colored solution was obtained. The residue was washed and filtered into a 50 ml flask using distilled water and Whatman 4 filter paper. Atomic absorption spectrophotometer was used to measure the concentration of different heavy metals in the plant tissues including lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), arsenic (As), cobalt (Co), copper (Cu), manganese (Mn) and zinc (Zn). Each sample solution was run in duplicate following the same procedure to give higher creditability of the results obtained. Standard solutions of Pb, Cd, Cr, Ni, As, Co, Zn, Mn and Cu were prepared from a stock solution of 1000 mg L−1 in 2 N HNO3 from MERCK grade of chemicals. A blank sample was also included for better correction and calculation of concentration for all the heavy metals under analysis. Accordingly, the calibration curves were prepared for each element, and the concentration of heavy metals was expressed as mg kg−1 leaf or root dry weight (DW) [21].

Statistical analysis
Data were analyzed using SPSS 16 and on the basis of completely randomized design. The differences among treatments were determined at 5% level by Duncan’s test. Graphs and tables were prepared using Microsoft Excel and Word, respectively.


Results
The results of soil analysis (Table 1) show that high levels of heavy metals are found in the field soil. The results also show relatively high soil pH and particularly electric conductivity (EC) in the fields under study.
Determination of heavy metals in plant tissues showed that garden cress had higher potential of heavy metal accumulation (Cd, Pb, As, Ni, Cr, Co, Mn, Zn and Cu) in root and shoot tissues and consequently higher risk than sweet basil plants (Table 2). In either garden cress or sweet basil, the concentration of all measured heavy metals in root tissue was much higher than leaf tissue concentration, except lead concentration in garden cress that showed no significant difference between root and leaf concentrations. The Cd concentration in leaves of young garden cress plants was slightly higher than that of mature plants, whereas in sweet basil the Cd concentration of young plants was significantly less than those of mature plants (Table 2). The lead concentration in mature plants and young plants of garden cress showed a similar trend with no difference (Table 2). In sweet basil, lead concentration of leaves in young plants was considerably less than that of the leaves of mature plants. On the other hand, the difference of root and leaf Pb concentrations in either plant was lowest among all heavy metals measured in the present study.Table 2Heavy metal concentrations (mg kg−1 DW) in root and leaf tissues of young and mature plants of garden cress and sweet basil


	Plant samples
	Cd
	Pb
	Ni
	As
	Cr
	Co
	Zn
	Co
	Mn

	Garden cress

	 Leaves (mature plants)
	4.02b
	39.0a
	6.4b
	1.9c
	12.7b
	1.14b
	46.7c
	19.6b
	79.7b

	 Roots (mature plants)
	7.78a
	47.4a
	12.2a
	3.1a
	27.4a
	3.02a
	103.5a
	47.5a
	131.0a

	 Leaves (seedlings)
	4.43b
	40.4a
	5.8b
	2.4b
	12.0b
	1.37b
	66.2b
	20.5b
	79.5b

	Sweet basil

	 Leaves (mature plants)
	1.66b
	17.3b
	1.9b
	0.73b
	5.3b
	0.48b
	39.7b
	13.3c
	48.4b

	 Roots (mature plants)
	4.04a
	26.1a
	3.3a
	0.95a
	18.2a
	2.47a
	91.0a
	29.3a
	67.5a

	 Leaves (seedlings)
	0.90c
	11.7c
	2.2b
	0.62c
	4.2b
	0.47b
	41.5b
	16.8b
	52.6b


In each plant and for a given trait, means with at least one common letter are not significantly different at 5% level of Duncan's multiple range test




In garden cress, nickel concentration in leaves of young plant was slightly less than of mature plants, whereas in sweet basil there was no difference in Ni concentration between young plant leaves and those of mature plants (Table 2).
In garden cress, young plant leaves had significantly higher arsenic concentration than that of mature plants leaves, whereas in sweet basil plants, leaf As concentration in young plants was less than those of mature plants (Table 2). Regarding leaf chromium concentration (Table 2) and cobalt concentration (Table 2), there was no significant difference between leaves of mature and young plants in either garden cress or sweet basil plant. In garden cress, leaves of young plants accumulated more zinc than leaves of mature plants; however, such effect was not observed in sweet basil plants (Table 2). There was no significant difference in copper concentration of leaves of young and mature garden cress plants (Table 2), whereas in sweet basil those leaves of young plants accumulated more Cu than mature plant leaves. Regarding manganese concentration of leaves, there was no difference between leaf Mn concentration of young and mature plants in either crop (Table 2). In addition, the difference between root and leaf concentrations was wider in garden cress than sweet basil plants.
The results of hydroponic experiment showed that in garden cress, young plants have higher potential to accumulate lead in shoot and root, particularly in lower (5 mg L−1) than higher (10 mg L−1) lead concentration (Table 3); however, root Pb concentration at 10 mg L−1 Pb of nutrient solution showed no difference between young and mature plants. Regarding cadmium, young plants accumulate higher Cd than mature plants in their shoot, particularly under higher (10 mg L−1 than 5 mg L−1) Cd levels of nutrient solution (Table 4); however, a wide difference in root Cd concentration was observed under low (5 mg L−1) than higher (10 mg L−1) cadmium concentration of nutrient solution.Table 3Effects of different lead (Pb) levels of nutrient solution on root and shoot concentrations of Pb (mg kg−1 DW) in young and mature plants of garden cress


	(mg L−1)
	Shoot Pb
	Root Pb

	Young plants
	Mature plants
	Young plants
	Mature plants

	Pb 0
	0.04 ± 0.02c
	0.35 ± 0.13c
	0c
	0c

	Pb 5
	16.3 ± 3.06b
	10.8 ± 1.9b
	239 ± 24b
	196 ± 18b

	Pb 10
	27.8 ± 3.12a
	17.9 ± 2.6a
	315 ± 30a
	311 ± 29a


In each plant and for a given trait, means with at least one common letter are not significantly different at 5% level of Duncan's multiple range test



Table 4Effects of different cadmium (Cd) levels of nutrient solution in root and shoot concentrations of Cd (mg kg−1 DW) in young and mature plants of garden cress


	(mg L−1)
	Shoot Cd
	Root Cd

	Young plants
	Mature plants
	Young plants
	Mature plants

	Cd 0
	0.02 ± 0.008c
	0.07 ± 0.01b
	0c
	0c

	Cd 5
	6.25 ± 0.90b
	4.55 ± 0.68ab
	342 ± 33ab
	246 ± 20b

	Cd 10
	11.25 ± 1.4a
	5.78 ± 0.96a
	378 ± 15a
	348 ± 18a


In each plant and for a given trait, means with at least one common letter are not significantly different at 5% level of Duncan's multiple range test





Discussion
The concentrations of heavy metals in the fields’ soil (Table 1) under study were relatively high compared to the maximum allowable levels in the soil (Table 5). These maximum allowable levels of heavy metals are found in agronomy crops whose grains are mainly consumed. For fresh leafy vegetables the figures need to be set considerably lower than those values. There were significantly higher levels of heavy metal in tissues of these two vegetables compared to standard levels in plant tissues. However, there was no toxicity or chlorotic and/or necrotic symptoms on plants under field and hydroponic culture. High levels of heavy metals in soil seem to be mainly due to application of wastewater in the region for irrigation practice. The high value of soil electrical conductivity (EC) is a result of hot climatic conditions of the region, and application of refined wastewater in the region with an EC value of 4.37 dS m−1 [21] may also contribute to soil salt buildup. It has been estimated that an amount of 150–200 ton per day NaCl enters domestic wastewater in the metropolitan city of Tehran. Moreover, high application rate of chemical fertilizers may also have contributed to higher soil EC of the sites. In the region, application of as much as 600–950 kg of only urea during the 9 months growing period of vegetable cultivation is a common practice. On the other hand, nitrogen application, particularly in the form of reduced N, could significantly increase soil heavy metal bioavailability [4, 30]. However, it has been reported that application of N-nitrate can significantly reduce heavy metal concentration of plant leaves [9, 19]. The region has a dry and hot climate leading to very high evapotranspiration that enhances the negative effects of wastewater irrigation on the soil physiochemical characteristics. Irrigation of vegetable crops with wastewater is a primary source of heavy metal contamination in vegetable tissues [17, 18, 21].Table 5Maximum allowable concentrations of some heavy metals in soil and vegetable tissues (leafy vegetables)


	 	Cd
	Pb
	As
	Ni
	Cr
	Co
	Zn
	Cu
	Mn

	In plant (mg kg−1 DW)
	2
	5
	4.3
	15
	5
	5
	150
	50
	150

	In soil (mg kg−1)
	3
	100
	20
	50
	100
	50
	300
	120
	400




In the present study, garden cress plants accumulated higher levels of heavy metals, in particular As, Ni, Pb and Cd, in the root and leaf tissues than sweet basil plants. Nevertheless, the most significant difference between the two plants was observed regarding arsenic and nickel. In either plant of garden cress or sweet basil, root concentration of all heavy metals was significantly higher than their corresponding leaf concentrations, except for Pb in garden cress that showed no difference between root and leaf concentrations. Garden cress is a plant species that can uptake and accumulate relatively high amounts of heavy metals in their shoot tissues. It is a cruciferous plant with heavy metal hyperaccumulator characteristics. In the present study, the young and mature plants that were cultivated in the same fields with relatively high levels of heavy metals showed different uptake rates of heavy metals. The fields have been under wastewater irrigation for many decades of extensive vegetable production in a hot dry climate. The contamination of produced vegetable crops in this region has been reported also in other studies [5, 21].
Heavy metals such as Cd, Pb, As, Ni have no role in biological systems including green plants, whereas other trace metals such as Fe, Zn, Cu and Mn are essential micronutrients necessary for optimal plant growth and production [17]. Plants absorb nutrient elements and heavy metals primarily from the soil by various uptake systems of roots [10, 13]. Nevertheless, the potential to uptake nutrient elements as well as heavy metals varies greatly among plant species [1, 11]. Some plant species are highly specialized to absorb and accumulate high levels of specific heavy metals and are known as bioaccumulators [12]. However, vegetable crops are among those in which even low levels of heavy metal can pose great human health risk, mainly due to their fresh consumption in large amounts. The root uptake of heavy metals and their corresponding translocation to plant shoots can be influenced by various factors including climatic, plant genetic, anthropogenic activities and atmospheric deposition [26, 29]. As the results of the present study show, plant developmental stage can also affect the uptake and accumulation of heavy metals in plant tissues. As it was proposed in the present study, young plants showed a higher uptake and accumulation potential for various heavy metals than older plants. The interaction of other factors including environmental conditions and mineral nutrients as well as the interaction of various heavy metals in the medium is quite important in this regard [9].
In the second experiment with hydroponic sand culture, the differences in heavy metal uptake and accumulation of young and mature plants were more significant and evident compared to those plants that were grown in farmer’s field. The differences are mainly due to higher root activity in young plants (seedling) than mature older plants. It has been reported that root activity of plants significantly reduces at flowering stage and can be very limited during fruiting and seeding stages [7, 27, 28]. Perhaps, this is the reason why many studies regarding the root activities of nutrient uptake is conducted using young or seedling plants. Plants have generally different sensitivity to various heavy metals. The responses of different plant tissues might be also different for each heavy metal. Reduction in photosynthesis and shoot biomass are common responses of plants to heavy metals [4, 25]. Root growth and root length are adversely affected by heavy metals in onion (Allium cepa) and garden cress plants [2]. In both our experiments, heavy metal concentrations in root tissues were considerably higher than that in leaves. This is mainly due to the fact that the cations of these heavy metals are less mobile in plant than many nutrients, and after uptake are mainly accumulated in root tissues. At least, this is the fact regarding trace metals of Fe, Mn, Zn and Cu [13]. In addition, roots are the first tissues that have contact with heavy metal ions and the time of exposure is a key factor regarding the final concentration. Moreover, roots generally exudate a wide range of metabolites including organic acids, amino acids, phenolics, sugars and other compounds that can accelerate heavy metal uptake by the root hairs [27]. Higher root concentration of heavy metals indicates that the absorbed metals are subjected to various inactivation, complexation and precipitation processes in root tissues enabling them to move to tissues above.
Environmental pollution represents an important issue in today’s life quality. Accordingly, contamination of food and particularly vegetable crops with heavy metals is a big challenge in many countries [17, 21]. In Ghent city in Belgium, spatial analysis of soil heavy metals concentrations showed a high variation in different areas [6]. Vegetable crops, particularly leafy vegetables, are the major source of various minerals, vitamins, antioxidants and many other beneficial food factors for human nutrition; however, in nutritional point of view, leafy vegetables are more susceptible to contamination with higher dosage of heavy metals in their tissues that can pose greater risk to human health [20, 22]. Therefore, the organic and safe production of vegetable crops, particularly leafy vegetables, is more important than any other crops.

Conclusion
This study was conducted to evaluate the potential of young (seedling) and mature plants of two vegetable crops of garden cress and sweet basil regarding heavy metals accumulation in their leaf and root tissues for better management of crop production and consumption. The results of the present study showed that in the hydroponic experiment, young garden cress plants showed higher potential to accumulate Pb or Cd in their root and particularly leaf tissues. However, under field conditions, this potential was not obviously observed probably due to longer plant growing as well as multiple air, soil and water pollutions that can significantly affect the heavy metal concentrations in leaf tissue. This fact is more important, particularly in mature plants with longer growing period and larger leaf area that facilitate the deposition and absorption of pollutants in the air. The results indicate that in such polluted area, longer plant growing may increase the risk of leaf exposure to dust and heavy metals present in the air. Therefore, no cultivation of food crops, particularly leafy vegetables, is recommended in such a region with soil, water and air pollution.
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