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Abstract
Cadmium (Cd) in agricultural soils can be taken up by wheat and transferred into the grains, risking
human health. In this study, we tested the effects of nineteen foliar treatments alone, and also combined
treatments on the Cd concentration of grains in pot/field experiments, and the field experiment,
respectively. In addition, we tested the better growth period for foliar application to inhibit Cd
accumulation in wheat grains. Foliar application of Ethylenediaminetetraacetic acid (EDTA), Sodium
selenite (Se) and Sodium nitroprusside (SNP) can significantly reduce Cd concentration of wheat grains,
with 49.2%, 29.6%, and 28.8% decreased respectively in the field. Foliar application of EDTA, Se, Zinc
sulphate (Zn), Ascorbic acid (ASA), Sodium silicate (Si) and Ammonium molybdate (Mo) can significantly
reduce Cd concentration of wheat grains in different treatments, with 32.3%, 32.0%, 27.7%, 27.7%, 26.3%
and 25.9% decreased respectively in the pot. Thus, foliar application of 2 mM EDTA and 2 mM Se exerted
excellent effects in controlling the Cd accumulation of wheat grains for both in pot and field experiment.
We were concerned about the transfer of different aboveground tissues to the grain, foliar application
with 0.1 mM Se or 2 mM EDTA significantly reduced Cd concentrations in grains both in grain filling stage
and heading + grain-filling stage. Spraying at the filling stage of wheat has a better effect than at the
heading stage for reducing the cadmium content in grains. In addition, the relationship between Cd
concentration of grains and husks were significantly positive, while the relationship between Cd
concentration of grains and flag leaves was significantly negative. Cd content in wheat grains decreased
may be due to the Cd accumulation of flag leaves and the decrease of Cd transport from flag leaves and
husks to the grains, which in turn reduces the transport of Cd to the grains.

Introduction
Soil pollution has become a hot issue of social concern due to its impact on the safety and quality of
agricultural products in recent years. Among them, Cd is one of the most dangerous environmental
pollutants (Bernhoft et al. 2012). Cd is not an essential element for plant growth, but it will affect the
growth and development of plants (Rizwan et al. 2016). Due to the higher mobility and bioavailability of
Cd, Cd can be absorbed by plant roots and accumulated in the plant, which can lead to crop loss or even
death (Rehman et al. 2019). Also, Cd can enter humans and animals from plants such as vegetables
through the food chain, which has potential harm to health (Chen et al. 2018a). It was reported that Cd
transport from the root to the shoot and the grains includes the following main processes: root
absorption, xylem-mediated transport to the shoot, reactivation of the phloem, and finally transport to the
grain (Uraguchi et al. 2012). Wheat is one of the main food crops in China. The quality and safety of
wheat are related to the health of the people and the stable development of society. Among food crops,
wheat is easily to absorb and accumulate Cd. Wheat can absorb Cd from soil and transport it to the aerial
part of the plant through root, and distribute from aerial part to wheat grains (Naeem et al. 2010). It is
important to reduce Cd accumulation of grains in wheat and other cereals for better human health. Cd in
wheat grains mainly comes from the transportation of shoots, leaves and other organs (Yan et al. 2010).
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Therefore, how to reduce the Cd concentrations in wheat grains has become an urgent problem to be
solved.
Exogenous application of some substances can alleviate the toxicity of heavy metals to plants. Many
results show that it is feasible to reduce the concentration of Cd in the edible part of crops by foliar
spraying (Chen et al. 2018b; Duan et al. 2018; Gao et al. 2018). Zn is essential for plant growth and pitted
against Cd at the binding sites of soil and root surface owing to the similar chemical properties of the two
trace metals (Shute et al. 2006). Several studies have shown that the application of Zn can effectively
reduce the concentration of Cd in wheat grains. Saifullah et al. (2016) found that foliar application of Zn
at the concentration of 0.3% could alleviate the Cd toxicity of wheat and significantly reduce the Cd
content in wheat grains. Nitric oxide (SNP is a donor for nitric oxide) as an important signal molecule,
participates in various physiological activities of plants, and plants are easily induced to produce nitric
oxide under heavy metal stress (Wang et al. 2017). Al3+ stress can inhibit nitric oxide biosynthesis in root
tip cells of okra (Tian et al. 2017). Exogenous SNP can also reduce Cd content in wheat (Kaya et al.
2020). ASA as a reductant induce improvement in plants defense systems by increased chlorophyll
content and improved the content of essential nutrients (Ahmad et al. 2018). Foliar application of ASA
can significantly improve the growth and development, photosynthetic capacity and protein
concentration of corn, and also reduce absorption of Cd in grains (Zhang et al. 2019). Silicon is the
second most abundant element in the soil. Silicon has been proven to be beneficial to the plant growth
and development of many plant species, and foliar application of Si can significantly reduce the Cd
concentration in rice grains, while the mechanism may be related to Cd accumulation in the stem wall
(Liu et al. 2009). Mo is a essential micronutrient for plant growth, also Mo fertilizer can increase
photosynthetic rate and grain yield (Liu et al. 2010). Se is not an essential element for plant growth, but it
is considered beneficial to plants (Iqbal M et al. 2015). Se can alleviate the detoxification of heavy metal
in plants. The addition of Se can reduce the content of ROS in plants, thereby alleviating the toxicity of
lead and Cd to plants (Kumar et al. 2012; Mroczek-Zdyrska et al. 2012). EDTA is a chemical extractant
widely used to remove heavy metals. Especially when heavy metal content in soil is low, EDTA can get rid
of metals in the soil by chelation (Bakht et al. 2020). EDTA is capable of decreasing metal phytotoxicity
and the function in Cd uptake has already been studied in several plants (Chigbo et al. 2013; Farid et al.
2015).
Even though many studies have proven that EDTA, Se and other blocking agent can increase tolerance of
crops to Cd pollution, but their impacts of foliar application on Cd accumulation in wheat grains still
remain being rarely reported. The effects of different blocking agent application and the joint application
need more investigation. In this study, in order to reduce Cd concentrations in wheat grains effectively,
field and pot experiments were used in this experiment. The results are predicted to supply Cd blocking
agent for the safe production of wheat in the Cd slightly polluted area, and to clarify the main effect of
the blocking agent on the absorption of Cd by wheat.

Materials And Methods
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Experimental design
The field experimental region is in Xinxiang city (N35°23′19.77″ E113°59′29.69″), Henan province, China.
The study area is located in the monsoon region and has a subtropical warm temperate climate. The
annual average temperature is 13.8℃, and the average annual precipitation is 576.5 mm. The basic soil
properties are as follows: Ammoniacal N, 36.4 mg kg-1; Available P, 28.8 mg kg-1; Quick-acting K, 82.5 mg
kg-1; Organic matter, 20.7 mg kg-1. The pH and heavy metal concentrations of the soils were measured
and shown in Table 1. In total, there were 19 treatments (Table 2) and each treatment was replicated three
times using a randomized block design with an area of 300 m2 (1 m×1 m) for each plot. All solutions
contained 0.05% (v/v) Tween 20 as a surfactant and were applied to each plot. The middle point of each
plot is marked with a label. The circular area with the label as the center of the circle (a diameter of 20
cm) are sprayed.
The pot experimental region is in the teaching and scientific research base of Nanjing Agricultural
University, and it is cultivated under natural conditions in the net shed. The study area has a subtropical
monsoon climate, with sufficient light and abundant rainfall. The annual average temperature is 15.7 ℃,
and the average annual precipitation is 1106.5 mm. The soil was taken from the Yinmao lead-zinc mining
area around in Qixia District, Nanjing City, Jiangsu Province. The basic soil properties are as follows:
Ammoniacal N, 36.1 mg kg-1; Available P, 30.2 mg kg-1; Quick-acting K, 87.1 mg kg-1; Organic matter 14.8
mg kg-1. The pH and heavy metal concentrations of the collected soils were measured and shown in
Table 1.There were 19 treatments (Table. 2) and each treatment was replicated three times. All solutions
contained 0.05% (v/v) Tween 20 as a surfactant and were applied to each pot.
The field and pot experiment were carried out for two years. The wheat was planted from October to June
during each year. The wheat varieties in field and pot are aikang58 and sukemai1 respectively.
Agricultural production activities were carried out according to local practice. Foliar application was
carried out at either booting, heading, or grain filling stages twice each stage. To ensure uniform
application, the solution was sprayed on each plot to fully wet the surface of leaves.
Sample treatment and data analysis
Wheat yield was determined at maturity by manual harvesting; the grains were air-dried and then
measured. These samples were oven-dried at 80℃ to a constant weight, and then shelled with a small
huller. The concentrations of Cd and other elements in grains were determined by Inductively coupled
plasma mass spectrometry (ICP-MS, NexION 2000, PerkinElmer).
The Cd transfer factor (TF) of wheat under different treatments were calculated according to the
following formula:
Transfer factor (TF B-A) = Cd content of A/Cd content of B
Analysis of univariate ANOVA was performed using SPSS. The level of significance was set at P < 0.05.
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Results
Effects of different foliar application on Cd concentration in wheat grains
The results show that foliar application of EDTA, Se, Zn, ASA, Si and Mo can significantly reduce Cd
concentration of wheat grains in different treatments, with 32.3%, 32.0%, 27.7%, 27.7%, 26.3% and 25.9%
decreased respectively in the pot experiment (Fig. 1). Foliar application of EDTA, Se and SNP can
significantly reduce Cd concentration of wheat grains in different treatments, with 49.2%, 29.6%, and
28.8% decreased respectively in the field experiment (Fig. 4). There was no significant difference in Fe,
Mn, Pb and Cu concentrations of wheat grains following six treatments with control in the pot/field
experiment (Fig. S1, S2, S3 and S4). Foliar spray of EDTA and Se exerted excellent effects in controlling
the Cd accumulation in wheat grains for both pot and field experiments. Also, the treatments with the
different combined inhibitor have different effects on the cadmium content in wheat grains. Foliar spray
of Se+Zn and Si+EDTA combined treatments can significantly reduce the Cd content in wheat grains by
39.1% and 40.2%, respectively (Fig. 5). Also, foliar applications of pot experiment have no significant
difference on thousand grains weight of wheat at different growth stages (Fig. S5).
Effects of different foliar applications on Cd concentrations in different organs of wheat
There were great differences of Cd concentrations in different organs of wheat plants. Among different
organs of above ground, the wheat grains displayed the lowest Cd concentration by 0.19-0.28 mg kg−1.
Cd concentration in grains was much lower than that in husks, and Cd in uppermost internodes was
generally lower than that in other internodes, and Cd in flag leaves was generally lower than that in other
leaves (Fig. 2). Cd concentrations in middle leaves (second and third leaves), lower part of leaves, middle
internodes (second and third internodes) and lower part of stalks were not influenced by foliar application
(Fig. 2). Foliar application reduced Cd concentrations in husks by 5.8-37.4%, and increased Cd
concentrations of EDTA, Se, Zn, ASA, Si and Mo in flag leaves by 35.9%, 38.6%, 39.1%, 31.4%, 39.0% and
32.5%, respectively in pot experiment. Inhibition efficiency of EDTA and Se on Cd accumulation in grains
was significantly greater than that of other treatments in pot and field experiments (Fig. 1 and 4).
Effects of different foliar application on translocation factors of Cd in different organs of wheat
Foliar application with different foliar application slightly decreased TF of Cd from the husks to grain
(TFhusk-grain) (Fig. 3). The TF of Cd from flag leaves to the grain (TFleaf-grain) decreased, and the TF of
ASA, Citric Acid (CA), EDTA, Mo, Humic acid (HA), Potassium dihydrogen phosphate (K), Melatonin (MT),
Se, Si and Zn decreased significantly (Fig. 3). Foliar application with different foliar application slightly
decreased TF of Cd from the uppermost internodes to grain (TFhusk-grain). The TF of Cd from the flag
leaves to husks (TFleaf-husk) decreased, and the TF of ASA, CA, EDTA, Gibberellin (GAs), Glutathione (GSH),
Mo, HA, Lanthanum (III) chloride (La), Se, Si, Quinine, SNP and Zn decreased significantly (Fig. 3). The
relationship between Cd concentration of grains and middle leaves, uppermost internodes were
significantly positive, while the relationship between Cd concentration of grains and flag leaves was
significantly negative (Table. 3).
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Cd content in wheat grain at different growth stages
Cd concentrations were different among different treatments of wheat plants. It can be seen that
spraying Se, EDTA can significantly reduce the Cd content in wheat grains no matter in heading stage,
grain filling stage or headin+grain-filling stage, and the effect on reducing Cd concentration in different
growth stages is relatively consistent, in order: heading+grain-filling stage > grain filling stage > heading
stage (Fig. 6). The results showed that spraying Se or EDTA at the grain filling stage and heading+grainfilling stage had the best effect on reducing Cd concentration in wheat grains (Fig. 6). Foliar application
with Se and EDTA efficiently reduced Cd concentrations in grains by 13.2-24.7% and 15.0-24.6%,
respectively. Foliar application of Se and EDTA had no significant effect on other elements content (Fig.
S4). The relationship between Cd concentration and Zn or Fe concentration was significantly negative,
while the relationship between Zn concentration and Mn concentrations were significantly positive (Table
S1). Foliar application with 0.1 mM Se and 2 mM EDTA significantly reduced Cd concentrations in grains
at the grain filling stage and heading+grain-filling stage (Fig. 6).
Cd concentrations in different organs of wheat at different growth stages
The Cd concentration in different organs of wheat had great differences. The highest Cd concentration
was found in uppermost node, which was about 0.9-1.5 mg kg−1. Cd concentration in grains was much
lower than that in rachises, Cd concentration in uppermost internodes was generally lower than that in
flag leaves (Fig. 7). Foliar application with Se and EDTA efficiently reduced Cd concentrations in husks
and rachises by 1.8-35.6% and 9.6-35.4%, respectively. At the heading stage foliar application with 2 mM
EDTA significantly reduced Cd concentrations in husks (Fig. 7). At the grain filling stage, foliar application
with 0.1 mM Se and 2 mM Se significantly reduced Cd concentrations in husks, and foliar application
with 2 mM EDTA significantly reduced Cd concentrations in rachises (Fig. 7). At the heading+grain-filling
stage, foliar application with 0.1 mM Se and 2 mM EDTA significantly reduced Cd concentrations in
husks and rachises, and foliar application with 0.1 mM EDTA significantly reduced Cd concentrations in
husks (Fig. 7). However, Cd concentrations in flag leaves, uppermost internodes, uppermost sheath, and
uppermost nodes were not influenced by Se and EDTA (Fig. 7).
Translocation factors of Cd in different organs of wheat at different growth stages
Foliar application with 0.1 mM Se and EDTA except 0.1 mM Se at the heading stage significantly
decreased TF from the flag leaves to rachises (TFleaf-rachis) (Fig. 8). Foliar application with Se and EDTA
had no significant effect TF of Cd ions from rachises to grains (TFgrain-rachis), TF of Cd ions from flag
leaves to rachises (TFleave-rachis) and TF of Cd ions from uppermost internodes to flag leaves (TFinternodeleaf)

(Fig. 8). The relationship between Cd concentration of grains and rachises, husks were significantly

positive, while the relationship between Cd concentration of grain and flag leaves was significantly
negative (Table. 4).

Discussion
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Cd content in wheat grains
We found that foliar application of EDTA was capable of reducing Cd concentrations in wheat grains in
the pot (Fig. 1). Plant stems and leaves can also directly absorb mineral nutrients through foliar spray
and transport them to other tissues and organs (Li et al. 2020). There are few studies about foliar
application of EDTA, while EDTA were applied in combination with contaminated soil. Adding EDTA may
decrease Cd concentrations of grains, straws and roots in plant (Xu et al. 2010; Guo et al. 2014; Mahmud
et al. 2019). Our study suggest that Cd concentration can be reduced by uppermost 24.6% through foliar
spraying of EDTA treatment. EDTA and other chelators to detoxify cadmium is possible, and has been
shown to have therapeutic benefits for humans and animals after completion of established protocols
(Bernhoft et al. 2013). Addition of EDTA results in increase in plant growth parameters and dry matter
stress tolerance index in a soil polluted with cadmium (Guo et al. 2014). The addition of EDTA in the soil
increases the solubility of Cd, but the separation of Cd-EDTA limits the effectiveness of free Cd2+ on the
root surface, which ultimately reduces the plant absorption of the metal (Najeeb et al. 2011; Wei et al.
2012; Custos et al. 2014).
Foliar spraying is widely used in the production of Se-enriched agricultural products. Foliar application of
Se had significant reduction of cadmium on the wheat seeds (Fig. 1). It also found that the Se content is
higher when sprayed with sodium selenate than with sodium selenite in rice grains (Chen et al. 2002). But
sodium selenate has greater toxicity and environmental risks, we commonly used sodium sulfite for bioenhancement. Foliar application with sodium selenite greatly decreased Se content in wheat gain (Fig.
6). Studies have found that the addition of Se can reduce the content of ROS in plants, thereby alleviating
the toxicity of Cd to plants (Kumar et al. 2012). Many studies have shown Se can effectively reduce the
Cd translocation from roots to shoots in rice, and alleviate the toxicity of Cd by promoting plant growth
(Lin et al. 2012; Cao et al. 2013; Hu et al. 2014; Wan et al. 2016; Gao et al. 2018; Wan et al. 2019). Se can
inhibit the absorption, transport and distribution of heavy metals, and convert toxic heavy metals into
non-toxic Se complexes: Se reduces its toxicity by regulating the subcellular distribution of Sb and Cd. We
found that foliar application with Se efficiently reduced Cd concentrations in grains by 13.2-24.7%. For
the antagonistic effect of Se and Cd, applying Se to rice grown on cadmium-contaminated soil can
reduce the content of cadmium in the rice. This can reduce the Cd entering the human body through the
food chain, and at the same time improve the nutritional quality of rice, which is an effective way to
control cadmium pollution.
Also, the results of the present study indicated that foliar application of Zn, ASA, Si and Mo had
significant reduction of Cd on the wheat grains in the pot experiment and foliar application of SNP had
significant reduction of Cd on the wheat grains in the field experiment (Fig. 1 and 4). Some previous
studies indicated that foliar application of Se, Zn and Si can decrease Cd concentrations in wheat or rice
planted in Cd contaminated soil (Liu et al. 2009; Saifullah et al. 2016; Chen et al. 2018; Lv et al. 2019; Wu
et al. 2020). Zn plays a critical role in different metabolic processes and Zn treatment had advantage
effect on wheat growth and yield on Cd contaminated soil (Cao et al. 2013; Lv et al. 2019; Saifullah et al.
2016). Si applied to Cd-treated plants improve plant dry matter or grain yield (Rizwan et al. 2012; Naeem
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et al. 2014; Gao et al. 2018). Foliar application with exogenous ASA decreased Cd uptake and minimized
the impacts of Cd on maize (Wang et al. 2017; Zhang et al. 2019). Molybdenum (Mo) is an essential
element for plant growth and development. Modified molybdenum ore treatment could reduce Cd
concentrations in all parts of the rice plant, but had no significant effect on rice yields (Li et al. 2019).
Under Cd stress, foliar application of SNP can increase the yield of chickpeas and reduce Cd
accumulation (Kumari et al. 2011). It is reported that exogenous SNP can alleviate Cd stress and
significantly reduce the Cd content in the roots and stems in wheat plants (Kaya et al. 2020). Inhibitor
alone or combinations have different effects on the cadmium content, while Cd concentrations after
treatment with Zn, ZnMn and ZnP decreased by 19.0-32.6%, 36.6-55.8% and 25.7-49.1%, respectively (Lv
et al. 2018). Foliar spray of Se+Zn and Si+EDTA combined treatments can significantly reduce Cd content
in wheat grains by 39.1% and 40.2%, respectively (Fig. 5). In general, our results are similar to the results
reported.
The selection of foliar spraying period has a great influence on the absorption and distribution of Cd in
plants. It can be seen that spraying at the best time is of great significance to reduce Cd content in wheat
grains, but different foliar spraying treatments may have different effects (Fig. 6). It is considered that the
later spraying period is beneficial to the accumulation of Se in rice and maize (Wang et al. 2013; Deng et
al. 2017). It can be seen that spraying at the best time is of great significance to reduce Cd content in
wheat grains, but different foliar spraying treatments may have different effects. Our results showed that
spraying Se or EDTA at the grain filling stage and heading+grain-filling stage had the better effect than
booting the stage on reducing Cd concentration in wheat grains (Fig. 6). However, the effect of spraying
ZnSO4 at booting stage on reducing Cd content in wheat grain was significantly better than that at
tillering stage, jointing stage, heading stage and filling stage (Saifullah et al. 2016). There are two
pathways that Cd accumulation in rice grain. One way is Cd remobilization from leaves via phloem, and
another way is direct root-absorbed Cd via xylem during maturation (Rodda et al. 2011). It showed that 60
% of the final grain Cd content was remobilized from vegetative tissue accumulated by the plant before
flowering, while 40 % of the grain Cd came from the root via xylem during grain-filling stage (Rodda et al.
2011). This show that Zn may reduce wheat grain Cd from leaves via phloem Pre-flowering, while Se and
EDTA may reduce wheat grain Cd from root uptake at the grain-filling stage.
Cd content in different parts of wheat
There is different Cd content in rice plant parts, then Se reduced the accumulation of Cd in rice husks,
stems, leaves and grains, but did not reduce the accumulation of Cd in rice roots (Chen et al. 2014). Part
of the nutrients in the grains are absorbed from the vegetative organs. Foliar application of Mn can inhibit
Cd transport from root to shoot, then to grain at mature stage (Xu et al. 2016; Huang et al. 2017). Foliar
application of Zn can inhibit Cd transport from root to flag leaves then to the first node, and at last from
rachises to grain (Lv et al. 2018). Except in husks and rachises, Cd concentrations in flag leaves,
uppermost internodes, uppermost sheath, and uppermost nodes were not influenced by Se and EDTA
(Fig. 7). The effect of Se and EDTA on Cd content in different parts are different (Fig. 7).
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Wheat vegetative organs can temporarily store photosynthetic products before and after flowering, and
then transport them to the grain at the later stage of grain filling. Rachis is the organ connecting the stem
and the grains. Nutrients in wheat vegetative organs are finally transported to the developing grains
through rachises in panicles. Cd content in rachises and Cd transportation ratio from rachises to grains
both closely correlated with Cd concentration in rice grains (Liu et al. 2017). After different concentration
of Se and EDTA was sprayed onto wheat leaves, Cd content in both husks and rachises at maturity stage
was decreased by 10.2-30.3% and 2.5-36.2%, respectively. Foliar application with different concentration
of Se and EDTA except 2 mM Se decreased the TF of Cd from uppermost internodes to rachises, as well
as significantly decreased TF of Cd from the flag leaves to rachises (Fig. 8). In addition, the relationship
between Cd concentration of grains and uppermost internodes, husks were significantly positive, while
the relationship between Cd concentration of grains and flag leaves was significantly negative (Table. 3
and 4). Thus, Cd content of wheat grains decreased may be due to the Cd accumulation of flag leaves
and the decrease of Cd transport from flag leaves and husks to the grains, which in turn reduces the
transport of Cd to the grains.
Effects of different spraying treatments on other elements content in wheat grains
The relationship between Cd and Zn concentration was significantly negative, while the relationship
between Zn concentration and Mn concentrations were significantly positive (Table. S1). This result show
that Zn and Cd may indicate antagonism. The competition between Cd2+ and Zn2+ may result in
increasing Zn concentration and decreasing Cd concentration (Hart et al. 2002; Duan et al. 2018; Lv et al.
2019). Cd2+ and Zn2+ share a common transport system at the root cell plasma membrane in wheat, then
Zn competes with Cd for these heavy metal binding sites and blocks the transport of Cd (Hart et al.
2002). Therefore, the increase of Zn concentration may lead to decrease of Cd concentration in wheat
grain. Mn treatment reduced Cd accumulations in root and shoot of rice (Xu et al. 2016; Yin et al. 2017).
Cd is mainly transported into root cells through nonselective cation channels, while Mn is primarily
carried into root cells via positive transporters, thus Mn may inhibit Cd uptake and translocation in rice
seedlings by competing ionic channels and carrier proteins (Xu et al. 2016; Huang et al. 2017; Zhang et al.
2018). Further studies investigating the molecular mechanisms of this process would be helpful for a
better understanding of this effect.

Conclusion
As a method of reducing Cd content in wheat grains, foliar application is feasible. Foliar application of Se
and EDTA can effectively decrease the Cd content of wheat grains in the field/pot experiment. The grain
filling stage is the better period of foliar spraying of Se and EDTA to minimize the Cd content in the wheat
grains. Also, it may be due to the Cd accumulation of flag leaves and the decrease of Cd transport from
flag leaves and husks to the grains, that in turn reduces the transport of Cd to the grains.
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Tables
Table 1. pH and heavy metal concentrations in pot and field soil
Types

pH

Cd
(mg kg1
)

DTPAextracted Cd
-1

(mg kg )

Pb

Zn

Cu

Fe

(mg kg-1)

(mg kg1
)

(mg kg1
)

(mg kg-1)

Field

7.22 ±
0.03

1.47 ±
0.02

0.81 ± 0.02

92.17 ±
2.22

66.91 ±
0.24

32.00 ±
1.27

925.14 ±
19.78

Pot

7.02 ±
0.02

3.37 ±
0.02

1.74 ± 0.04

120.23 ±
9.51

98.01 ±
0.47

97.90 ±
0.81

1687.14 ±
10.94

120

250

100

Standards*

0.3

*Soil environmental quality risk control standard for soil contamination of agricultural land GB 15618,
2018
Table 2. Foliar application treatments and concentrations in the pot and field experiments
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Treatments

concentration

Treatments

concentration

Ascorbic acid (ASA)

0.2 mM

Lanthanum (III) chloride (La)

5 mM

Citric Acid (CA)

4 mM

Melatonin (MT)

0.1 mM

Calcium chloride (Ca)

5 mM

Sodium selenite (Se)

2 mM

Ethylenediaminetetraacetic acid
(EDTA)

2 mM

Sodium silicate (Si)

2 mM

Gibberellin (GAs)

10 μM

Proline (Pro)

10 mM

Glutathione (GSH)

0.2 mM

Quinine

0.5 mM

Ammonium molybdate (Mo)

1 mM

Sodium nitroprusside (SNP)

0.1 mM

Humic acid (HA)

2 g/L

Tetraethylammonium chloride
(TEAC)

2 mM

Potassium dihydrogen
phosphate (K)

20 mM

Zinc sulphate (Zn)

5 mM

Deionized water (Control)

Table 3. Correlation analysis of Cd content in wheat grains and different wheat tissues in the pot
experiment

Grain
Husk
Flag leaves
Middle
leaves

rachis

flag
leaves

middle
leaves

lower part
of leaves

uppermost
internodes

middle
internodes

Lower
part of
stalks

0.697**

-0.805**

0.704**

0.276

0.678**

-0.167

0.244

-0.437

0.668**

0.275

0.771**

0.309

0.437

-0.425

-0.174

-0.650**

0.232

-0.087

0.454

0.487*

0.007

0.341

0.029

0.051

0.354

0.246

0.075

Lower part
of leaves
Uppermost
internodes
Middle
internodes

0.177

Table 4. Correlation analysis of Cd content in wheat grains and different tissues in the pot experiment
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Grain
Rachis
Husk
Flag leaves

Rachis

Husk

Flag
leaves

Uppermost
internodes

Uppermost
sheathes

Uppermost
nodes

0.740**

0.670*

-0.787**

0.314

0.206

0.453

0.690**

-0.741**

0.121

-0.06

0.750**

-0.512

-0.096

-0.057

0.413

0.026

-0.103

-0.498

0.325

0.242

Uppermost
internodes
Uppermost
sheathes

-0.038

Figures

Figure 1
Effects of different spraying treatments on Cd content of wheats in the pot experiment.
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Figure 2
Effects of different spraying treatments on Cd concentration in different tissues of wheat.
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Figure 3
Effects of different foliar application on the Cd translocation factor in different tissues of wheat.

Figure 4
Page 18/21

Effects of different spraying treatments on Cd content of wheats in the field experiment.

Figure 5
Effects of combined spraying treatments on Cd content of wheat grains in the field experiment.
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Figure 6
Cd content of wheat grains at different growth stages in the pot experiment.

Figure 7
Cd content in different organs of wheat in the pot experiment.

Page 20/21

Figure 8
Effects of different foliar application on the TF Cd in different tissues of the wheat.
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