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Abstract

To analyze the enrichment characteristics and correlation of Se and heavy metals  
in soil-blueberry fruit systems in different geological background areas of Guizhou Province, 86 soil 
samples and 58 blueberry fruit samples were collected from blueberry planting areas in the Majiang, 
Ziyun, and Huangping counties of Guizhou Province. The contents of Se and 9 other heavy metals 
in soil and blueberry fruit were determined using an inductively coupled plasma mass spectrometer 
(ICP-MS) and inductively coupled plasma emission spectrometer (ICP-AES). The results showed 
that the Se contents of the soils in the dolomite and limestone distribution areas are higher than the 
background values of topsoil in Guizhou, and both met the Se-rich soil standard. The Se content of 
the soil in the study areas exhibits the characteristics of limestone area>dolomite area>sandstone 
area, indicating that the geological background controls the Se content of the soil. In dolomite soil,  
Se is negatively correlated with As, Cu, Hg, Ni, Pb, and Zn, while in limestone soil, Se is positively 
correlated with As, Cr, Ni, and Zn. In dolomite and limestone areas, the Se in soil is negatively 
correlated with Hg and Pb in blueberry fruit. There is no significant correlation in the sandstone area. 
The blueberries in each growing area have a high enrichment capacity for Se and have all reached the 
selenium-rich blueberry standard, which has the potential for development into selenium-rich blueberry 
agriculture. 
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Introduction

Selenium is an essential microelement for human 
activity. The proper intake of Se can protect myocardial 
health, act as an antioxidant, prevent senility, enhance 
human immunity, detoxify heavy metals, and prevent, 
treat, and fight cancer [1]. Phytogenous selenium is the 
main pathway for the human intake of Se. As a type of 
small berry, blueberries are relatively rich in flavonoids, 
polysaccharide compounds, and anthocyanins, which 
can enhance memory, slow ageing, and protect eye 
health; therefore, they are often the first choice for 
the human consumption of selenium [2]. However, 
the selenium content in agricultural products mainly 
depends on the content of Se in soil and the absorbable 
form of plants, which directly affects the level of Se 
uptake in the human body [3]. Therefore, the absorption 
and transformation of Se in ‘soil-plant’ systems have 
become the focus of the research and development of 
selenium-rich agricultural products.  

It has been shown that the relationship between 
selenium and heavy metal elements in soil is complex, 
and its correlation varies depending on the study 
area and is influenced by both natural factors and 
anthropogenic disturbances [4-8]. Many studies have 
shown that Se-rich strata may also be enriched in heavy 
metal elements, such as As, Cd, Ni, and Zn. Moreover, 
in soils formed by the weathering of Se-rich strata, 
there is an obvious inheritance and enrichment of heavy 
metals in the bedrock, and these heavy metals may enter 
the crops with Se, resulting in an excessive heavy metal 
content in the crops [9-11]. A review of the literature 

on the topic has found that most previous studies on 
the correlation between selenium and heavy metals 
have been conducted in individual selenium-rich areas  
[12-14] or on the effects of adding exogenous selenium 
on the content of heavy metals in crops [15-17]; 
however, studies on the correlation between selenium 
and heavy metal enrichment characteristics and  
in soil-crop systems in different geological background 
areas are lacking. 

In this paper, the characteristics and correlation of 
selenium and heavy-metal enrichment in soil-blueberry 
fruit systems are studied in parks that grow blueberries 
in the different rock distribution areas of Guizhou 
Province. Based on this, the planting suitability and 
production potential of selenium-enriched blueberries 
in different geological backgrounds are determined to 
provide a research reference for the brand building of 
such blueberries in Guizhou and soil environmental 
quality control in blueberry planting areas.

Materials and Methods    

Study Area

The study area mainly covers the blueberry growing 
areas of Majiang County, Ziyun County, and Huangping 
County in Guizhou Province. The three regions 
experience a subtropical monsoon humid climate, 
with no severe cold in the winter and no extreme heat 
in the summer; rain and heat are often experienced 
simultaneously. The average annual temperature is 

Fig. 1.  Geological background of Blueberry Production area in Guizhou Province.
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14.5ºC-15.3ºC, the average annual rainfall is 1307.1 mm-
1343.8 mm, the soil type includes yellow soil and purple 
soil, and the soil pH value is between 4.30-5.64. The 
parent rock of the blueberry growing area in Majiang 
County is dolomite from the Cambrian Gaotai Formation 
(Є2g). The parent rock of the blueberry planting 
area in Ziyun County is the Wujiaping Formation of 
Permian coal-bearing strata with chert limestone (P2w). 
The parent rocks in the blueberry growing area of 
Huangping County include dolomite from the Cambrian 
Loushanguan Formation (Є2-3ls) and sandstone from the 
Paleogene Shinao Formation (NEsn). 

Sample Collection and Pretreatment 

In June 2020 (blueberry maturity stage), 86 soil 
samples from different parent rock developments and 
58 blueberry fruit samples from the same region were 
collected from the planting areas of three counties.  
The X-shaped sampling method was used (each endpoint 
and centre of X was a sub-sampling point), each sub-
sampling point was 20-50 m from the centre, 0-20 cm 
topsoil was taken after removing dead branches and 
leaves with a stainless steel shovel, each sub-sampling 
point was mixed with soil samples and about 1kg was 
taken in clean sample bags using the quartering method, 
and the sample collection space was evenly distributed. 
A sample of blueberry fruit of the same variety was 
collected from each site at the same time, and the fruit 
was 90% ripe (the fruit was blue and the fruit stem was 
slightly red). The picked fruits were divided into plastic 
boxes with holes, stored in a sampling box at 4ºC and 
brought back to the laboratory. The distribution of 
sampling points was shown in Fig. 1 (Modified from Li 
et al. [18]).

The soil samples were naturally air-dried in the 
shade after the debris such as rocks and plant roots 
were removed. The soil samples were crushed through a 
2mm nylon sieve with wooden sticks, then finely ground 
through a 0.149mm nylon sieve with an agate mortar, 
and finally marked and stored for testing. The blueberry 
fruit samples were washed three times with tap water 
and then washed three times with deionized water. After 
the surface moisture was naturally air-dried, the samples 
were placed in a constant temperature air dryer at 60ºC 
and dried to a constant weight. The fruits were ground 
in a 0.075 mm nylon sieve with a high-speed grinder and 
stored for testing.

Sample Analyses

Selenium and heavy metal elements in soil and 
blueberry fruit samples were measured by ICP-
MS (Visata-MPS, Agilent, CA, USA) and ICP-AES 
(7900x, Agilent, CA, USA) systems at the ALS Mineral 
Laboratory in Guangzhou, China. The ICP-AES  
and ICP-MS procedures applied in this study 
were described in detail in another study [19]. The 
specific experimental process was  to weigh 0.25 

g of the soil sample in a Teflon test tube, then add 
mixed acid (HClO4:HNO3:HF:HCl = 1:2.5:2:2.5), 
and digest in the oven at about 190ºC for 48 hours 
[20], followed by cooling to room temperature.  
It was then heated on a preheated hot plate (150ºC) to 
remove excess acid until a crystalline solid was formed 
and diluted to the specified volume (12.5 ml) with 
2% hydrochloric acid. Similarly, 0.20 g of blueberry 
fruit powder was weighed in Teflon test tubes, mixed 
with concentrated nitric acid and hydrofluoric acid  
(v/v = 3:1), digested for 8 h, and then further digested on 
a hot plate at 50ºC for 1 h, 100ºC for 1.5 h, and 150ºC 
for 1.5 h. After the soil and blueberry fruit samples 
had been digested and the solutions to be measured 
had cooled, they were transferred to volumetric flasks 
and shaken well with a constant volume of deionised 
water. Then, plasma emission spectra and mass 
spectrometer comprehensive analyses were conducted, 
and the spectral interference between the elements was 
corrected to obtain the total Se, As, Cd, Cr, Cu, Mn, Ni, 
Pb, and Zn concentrations in soil and blueberry fruit. 

Due to the relative instability of Hg, which was easily 
lost through volatilisation during sample preparation 
and analysis [21], the Hg content of the samples was 
determined by atomic absorption spectrometry (AAS) 
using an automated Hg analyser AMA 254 (Altec, 
Prague, Czech Republic), which was specifically designed 
to determine the total Hg without the need for sample 
preparation or sample pre-concentration. In this method, 
the analytical vessel containing the sample was placed 
directly into the instrument, which performs automatic 
combustion to determine the total Hg concentration 
in soil and blueberry fruit. In addition, soil pH was 
measured using the glass electrode method [22].

Soil-Fruit Element Biological Concentration 
Factor

The biological concentration factor (BCF) can reflect 
the ability of crops to absorb enriched elements from 
soil, and its calculation formula is as follows [23]:

                         (1)

In the formula, Ciplant represents the element i 
concentration of the blueberry fruit sample, Cisoil 
represents the element i concentration of the soil sample, 
and higher BCF values represent a greater enrichment of 
blueberry fruit for element i.

Statistical Analysis

The original data of the Se, As, Cd, Cr, Cu, Hg, 
Mn, Ni, Pb, and Zn contents in the soils in the study 
area were tested for normal distribution, and the data of 
some indicators that did not pass the normal test were 
transformed using logarithm and then tested for normality; 
all indicators passed the normal distribution test and 
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could be analyzed parametrically. The data were then 
plotted and analyzed using Microsoft Excel 2010, IBM 
SPSS Statistics 23.0, Origin 2018, and Corel Draw 2018.

Quality Control

This study adopted the technique of inserting 
monitoring substances into samples. During the 
testing of each batch of samples, blank samples, 
duplicate samples, and reference materials (duplicate 
samples control precision and reference materials 
control accuracy) were inserted simultaneously, and 
calibrated instruments with traceability were used. 
In addition, the functioning of the equipment was 
checked, the work standards and control charts were 
used, the same or different methods were used to test 
the samples repeatedly, and the relevant characteristics 
of the different results of the samples were analyzed to 
ensure the accuracy of the results. The relative deviation 
and relative error of selenium and heavy metals were 
controlled to below 10%. The reference materials used 
in the blueberries (SpL03 and GL03) were internal 
standard materials made from thorn grass leaves and 
eucalyptus leaves obtained near the ALS Mineral 
Laboratory in Gulf State, Queensland, Australia.  
The reference materials used in the soil were GLG908 
and MRGeo08, which were self-developed using lateritic 
soil collected from southern Murchison, Western 
Australia. The recoveries of the standard samples of 
blueberry fruits and soil were mostly between 80% 
and 110%, and the measured values of all selenium and 
heavy metal elements in blank samples were lower than 
the detection limits of corresponding elements.

Results

Characteristics of Selenium and Heavy Metal 
Content in the Soil

The contents of trace elements in the soil of blueberry 
plantations with different geological backgrounds in the 
study area were shown in Table 1. The average Se content 
of dolomite, limestone, and sandstone parent rocks  
was 0.5 mg/kg, 0.8 mg/kg, and 0.3 mg/kg, respectively. 
The Se content of limestone-type soil was higher 
than that of dolomite-type soil and higher than that  
of sandstone-type soil. According to the 0.4 mg/kg  
Se-rich soil standard suggested by Guohua Zhou [24], 
the average values of soil samples developed in dolomite 
and limestone reached the Se-rich soil standard, and the 
sample Se-rich rates were 100% and 94%, respectively. 
The soil samples developed in sandstone did not reach 
the Se-rich soil standard. The soil with dolomite 
and limestone in the study area could be classified as 
selenium-rich soil, which had the basic conditions for 
developing selenium-rich blueberry agriculture by 
utilizing selenium-rich land resources.

According to GB 15618-2018 ‘Soil Environmental 
Quality - Agricultural Land Soil Pollution Risk Control 
Standard’ (pH value≤5.5) [25], it was found that the 
average contents of As, Ni, Pb, and Zn in the soil 
developed in dolomite exceeded the soil risk screening 
value, and the point exceeding rates were 47%, 16%, 
6%, and 9%, respectively. The average contents of As, 
Cr, Cd, Ni, and Zn in limestone soils exceeded the soil 
risk screening value, and the over-standard rates were 
5%, 37%, 42%, 63%, and 5%, respectively. The contents 

Table 1. Statistical analysis of elements in soil under different geological backgrounds (mg/kg).

Item Se As Cd Cr Cu Hg Mn Ni Pb Zn

Dolomite 
study  area

(n = 32)

Mean 0.5 41.1 0.1 64.0 30.5 0.4 341.3 39.7 42.6 124.2

Minimum 0.4 22.9 0.0 48.0 13.2 0.2 73.1 20.7 24.3 67.0

Maximum 0.7 108.0 0.2 86.0 64.4 1.0 2100.0 101.0 146.0 263.0

Soil risk screening values — 40.0 0.3 150.0 150.0 1.3 — 60.0 70.0 200.0

Exceeding standard rate (%) — 47 0 0 0 0 — 16 6 9

Limestone 
study area
(n = 19)

Mean 0.8 25.4 0.3 136.3 65.8 0.1 902.6 68.0 16.3 128.9

Minimum 0.5 16.2 0.1 83.0 29.4 0.1 160.0 23.1 10.9 66.0

Maximum 1.3 53.6 0.6 190.0 98.2 0.3 2930.0 146.0 20.9 263.0

Soil risk screening values — 40.0 0.3 150.0 150.0 1.3 — 60.0 70.0 200.0

Exceeding standard rate (%) — 5 37 42 0 0 — 63 0 5

Sandstone 
study area

(n = 7)

Mean 0.3 13.3 0.1 45.4 17.0 0.1 158.7 18.7 19.4 50.1

Minimum 0.3 7.7 0.0 27.0 9.2 0.1 97.0 12.4 13.7 32.0

Maximum 0.4 15.7 0.1 53.0 22.7 0.1 243.0 27.0 24.0 59.0

Soil risk screening values — 40.0 0.3 150.0 150.0 1.3 — 60.0 70.0 200.0

Exceeding standard rate (%) — 0 0 0 0 0 — 0 0 0
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Effects of Selenium and Heavy Metal Contents 
on the Bioenrichment Characteristics 

of Blueberry Fruit

As shown in Table 2, the mean values of the Se 
content of blueberry fruits in the dolomite, limestone, 
and sandstone study areas were 0.039, 0.019, and  
0.011 mg/kg, respectively. At present, there is no unified 
national standard for selenium-enriched agricultural 
products regarding berries. According to the standards 
for selenium-rich agricultural products in Chongqing 
Province, Shanxi Province, and other regions,  
a selenium content of ≥0.01 mg/kg is usually used as 
the standard for selenium-rich agricultural products for 
vegetables and fruits [24]. According to this standard, 
the average selenium content of blueberry fruits  
in each planting area reached the selenium-rich 
blueberry standard overall, with selenium enrichment 
rates of 75%, 63%, and 29%, respectively. The average 
values of the heavy metal element contents of blueberry 
fruits were in the following descending order: Mn, Zn, 

of 10 elements in the soil developed by sandstone rock 
did not exceed the standard. The results showed that 
the selenium-rich soil resources in the study area were  
not only abundant, but also that the soil developed 
from dolomite and limestone was enriched with heavy 
metals, which might lead to soil pollution risks from 
As, Pb, and Zn. Therefore, attention should be paid 
to soil environmental quality monitoring and crop 
safety collaborative monitoring when developing such 
selenium-rich land resources.

In comparison to the background values of soil 
elements in Guizhou Province [26], the contents of Se, 
As, Hg, and Zn in most soil samples developed from 
dolomite were higher than the background values in 
Guizhou Province (Fig. 2). The contents of Se, As, Cr, 
Cu, Hg, Ni, and Zn in most limestone soils were higher 
than those in Guizhou. The contents of 10 elements 
in sandstone soil were all lower than the background 
values of Guizhou topsoil.

Fig. 2.  Soil element contents and background values in different geological backgrounds.
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Cu, Ni, Cr, As, Pb, Cd, and Hg. The average contents 
of As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, and Zn of blueberry 
fruits in all planting areas did not exceed the standard 
limit values for the corresponding elements, which were 
green and safe fruits; the results of this study showed 
that the effective state content of heavy metals in soil 
was low and bioavailability was also low. Previous 
studies have also confirmed that, in Guizhou, where 
karst areas are widely distributed, soils generally have 
high total heavy metal content but low effective state 
content (activity of heavy metal elements) [27].

The biological concentration factor reflects the ability 
of crops to absorb enriched elements from the soil, and 
the larger the BCF value, the stronger the enrichment 
ability of blueberry to soil elements. As could be seen 
from the BFC value in Fig. 3, the enrichment ability of 
blueberry fruits in all planting areas was strong for Se, 
Cu, Mn, Ni, and Zn, while the enrichment ability of As, 
Cd, Cr, Hg, and Pb was relatively weak. The enrichment 
coefficient characteristics of elements in blueberry fruits 
in all planting areas showed that the average enrichment 
coefficient of each element in blueberry fruit was 

Table 2. Statistical analysis of element contents in blueberry fruits under different geological backgrounds (mg/kg).

Item Se As Cd Cr Cu Hg Mn Ni Pb Zn

Dolomite study 
area

(n = 32)

Mean 0.039 0.006 0.001 0.154 0.744 0.0009 10.566 0.319 0.041 2.225

Minimum 0.002 0.002 0.001 0.014 0.339 0.0002 1.860 0.071 0.015 0.690

Maximum 0.333 0.015 0.002 0.493 1.635 0.0026 31.050 2.835 0.286 7.695

Standard limit value — 0.5000 0.050 0.500 10.000 0.0100 — — 0.200 5.000

Limestone study 
area

 (n = 19)

Mean 0.019 0.005 0.001 0.044 0.744 0.0012 21.460 0.227 0.014 1.254

Minimum 0.003 0.003 0.001 0.020 0.558 0.0008 6.675 0.134 0.010 0.780

Maximum 0.116 0.008 0.002 0.095 1.143 0.0026 40.950 0.309 0.021 2.145

Standard limit value — 0.5000 0.050 0.500 10.000 0.0100 — — 0.200 5.000

Sandstone study 
area

(n = 7)

Mean 0.011 0.008 0.001 0.078 0.661 0.0007 10.783 2.293 0.014 2.434

Minimum 0.003 0.003 0.001 0.015 0.359 0.0006 1.305 0.177 0.011 1.155

Maximum 0.017 0.022 0.002 0.215 0.975 0.0009 22.125 9.375 0.017 4.740

Standard limit value — 0.500 0.050 0.500 10.000 0.0100 — — 0.200 5.000

Fig. 3.  Selenium and heavy metal enrichment coefficients of blueberry fruits under different geological backgrounds. 
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Ni>Se>Mn>Zn>Cd>Cu>Hg>Cr>Pb>As. Studies have 
shown that Mn, Cu, and Zn are not only heavy metal 
elements, but also essential nutrient elements for the 
growth of blueberries, which is the reason for the high 
enrichment coefficient of Mn, Cu, and Zn in blueberry 
fruits; further, a suitable acidic soil environment is 
conducive to the accumulation of Mn in blueberries, 
which has a Mn absorption mechanism similar to tea 
trees [28]. Moreover, Mn accumulation in blueberry 

fruits is beneficial to the accumulation of total phenols, 
flavonoids, anthocyanin, glucose, and fructose [29].

Correlation Analysis of Selenium 
and Heavy Metals

The correlation analysis results of soil Se and 9 
heavy metal elements in the study area were shown  
in Fig. 4(a-c). Se and the As, Cu, Hg, Ni, Pb, and Zn 

Fig. 4.  Correlation analysis of selenium and heavy metals in different geological backgrounds.
Note: * means p≤0.05, ** means p≤0.01; (a-c) represents the correlation analysis between selenium and heavy metals in soil, where a) is 
dolomite study area, b) is limestone study area, and c) is sandstone study area. (d-f) represents the correlation analysis between selenium 
content in soil and heavy metal content in blueberry fruits, among which d) is dolomite study area, e) is limestone study area, and f) is 
sandstone study area.
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in the soil developed in dolomite exhibited a significant 
negative correlation (P<0.05), and there was a certain 
antagonism between selenium and heavy metals in soil, 
which was similar to previous research results [13].  
In limestone soils, Se was positively correlated with As, 
Cr, Ni, and Zn, indicating that these elements exhibit 
homology, and reflecting the associated relationship 
between Se and these heavy metals. In contrast, soil 
Se from sandstone development was not significantly 
correlated with the nine heavy metals. 

A correlation analysis between selenium in soil and 
9 heavy metal elements in blueberry fruits in different 
planting areas was shown in Fig. 4(d-f). Under the 
geological background of dolomite and limestone, the 
Se in the soil was negatively correlated with Hg and Pb 
in blueberry fruit. There was no significant correlation 
between Se in soil and 9 heavy metals in blueberry fruit 
under a sandstone geological background.

Selenium and Heavy Metal Redundancy Analysis 
in Soil and Blueberry Fruit

Redundancy analysis (RDA) results showed that 
ranking axis 1 and axis 2 explained 51.88% and 
0.26% of the relationship between soil selenium and 

heavy metals, and fruit selenium and heavy metals, 
respectively (Fig. 5). The selenium and heavy metal 
contents in soil accounted for 42.0% of the selenium 
and heavy metal contents in blueberry fruits, indicating 
that soil selenium and heavy metal contents had certain 
effects on the selenium and heavy metal contents in 
blueberry fruit. In particular, the amount of Cu in soil 
was explained by 28.1% and reached a significant level 
(P<0.01); Se in soil was positively correlated with Se in 
blueberry fruit, indicating that the accumulation of Se 
and Cu in blueberry fruit was influenced by the soil Se 
and Cu content (Table 3).

Discussion

Studies on the Keshan disease zone and low 
selenium environments have led to the categorization 
of limit values of the selenium ecological landscape  
in China: Se deficient soil (≤0.125 mg/kg), marginal  
Se soil (0.125-0.175 mg/kg), medium Se soil  
(0.175-0.400 mg/kg), high Se soil (0.400-3.00 mg/kg), 
and excess Se soil (≥3.00 mg/kg) [30]. In this study,  
the dolomite and limestone blueberry growing areas 
belong to high Se soil, while the sandstone blueberry 

Table 3. Explanation of elements in blueberry fruit by soil element content based on canonical correspondence analysis (RDA).

Soil metal element Se As Cd Cr Cu Hg Mn Ni Pb Zn All

Explains(%) 0.6 0.7 1.6 0.2 28.1 2.6 7.6 1.2 8.5 1.1 42.0

p 0.45 0.43 0.21 0.76 <0.01 0.12 <0.05 0.26 0.006 0.29 0.31

Fig. 5. Redundancy Analysis of element contents in blueberry fruit and soil.
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growing areas belong to medium Se soil, which 
shows that the study area is high in selenium-rich soil 
resources and has the prospect of developing selenium-
rich agriculture; it also indicates that rock weathering is 
the most important source of Se elements in the soil, and 
the parent rock exerts a significant influence on the Se 
content in the soil [31]. Some studies have shown that the 
Se content in rocks is higher than that in shale and deep-
sea carbonate rocks (limestone and dolomite), which 
is higher than that in sandstone [32]; the Se content 
in soil changes accordingly due to the inheritance of 
parent rocks. In this study, the soil Se content exhibited  
a distribution pattern of limestone>dolomite>sandstone, 
which was similar to the background value of surface 
soil in cultivated land with different soil parent rocks in 
Guizhou province [33], reflecting the control effect of 
the geological background on the soil Se content.

According to the Se enrichment standard for fruits 
with Se content ≥0.01 mg/kg, the overall Se content 
of blueberry fruits in the study area reached the Se 
enrichment standard for blueberries. The Se enrichment 
of blueberry fruit is not only related to the soil, but 
also to the enrichment capacity of the blueberry itself.  
The Se uptake and enrichment capacity of different 
crops vary. A comparison of the Se enrichment 
coefficients of blueberry fruit in the study area with the 
Se enrichment capacity of crops in different regions of 
Guizhou showed that the Se enrichment coefficients 
of various crops were, in descending order, as follows: 
soybean, blueberry, rice, maize, tea, asparagus, and 
kiwifruit. In general, the Se enrichment capacity of bulk 
crops – such as rice and soybean – was stronger than 
that of vegetables and fruits. The Se enrichment capacity 
of vegetables was generally as follows: roots and 
tubers>pulses>leafy vegetables [34-35]. The enrichment 
coefficient of blueberries in the study area was second 
only to soybean, indicating that blueberry fruits have  
a strong Se enrichment capacity, and blueberries have 
the potential to become Se-rich fruits.

The Se and heavy metal contents in soil are obviously 
affected by the soil’s physical and chemical properties 
(such as pH, organic matter, and clay) [36], and soil 
parent rocks are the material basis for soil formation and 
development; further, there are differences in the soil 
physicochemical properties formed by different parent 
rock developments [37-38]. Therefore, based on different 
geological background conditions, this study found that 
Se was significantly negatively correlated with As, Cu, 
Hg, Ni, Pb, and Zn in soil developed in dolomite, while 
Se was significantly positively correlated with heavy 
metals in soil developed in limestone. In addition, it was 
found that the Se in soil was significantly negatively 
correlated with Pb and Hg in blueberry fruits, which 
may be because Se increased the superoxide dismutase 
(SOD) activity and soluble sugar content in blueberry 
berries [39], thus enhancing the resistance of blueberry 
to heavy metals. 

The contents of Se and heavy metal elements  
in soil are affected by both natural factors and human 

disturbances. Se in the parent rock is transformed into 
oxides after weathering and exists in the soil [40]. 
Natural activities such as volcanic eruptions and crustal 
weathering, as well as human activities such as fossil 
fuel combustion and non-ferrous metal manufacturing, 
contribute about 1.55-1.57×109 g of Se to the atmosphere 
each year [36], which is then carried to the soil through 
atmospheric deposition. The addition of Se to fertilisers 
and its application to agricultural soils increase the Se 
content of agricultural soils by an average of 20% over 
a 20-year period [41]. It can be seen that soil-forming 
parent rocks, mineral exploitation, chemical fertilizers, 
and atmospheric deposition are the main sources of Se 
and heavy metals in soils [42]. The results of the RDA 
in this study show that the soil Se and heavy metal 
content explained a total of 42.0% of the Se and heavy 
metal content of blueberry fruits, indicating that these 
quantities may be influenced by other factors, such as 
mineral exploitation and atmospheric deposition, in 
addition to the natural factors of soil-forming parent 
rocks.

 Conclusions

(1) The average content of Se in dolomite and 
limestone weathering soil is higher than the background 
value of Guizhou topsoil, and all reached the standard 
of Se-rich soil. Therefore, the study area had the basic 
conditions for the development of Se-rich blueberries. 

(2) The Se content in soil was in the order of limestone 
area>dolomite area>sandstone area, indicating that the 
geological background had a controlling effect on the Se 
content in the soil. 

(3) Se had synergistic or antagonistic effects with 
various heavy metal elements. In dolomite soil, Se was 
negatively correlated with As, Cu, Hg, Ni, Pb, and Zn; 
in limestone soil, Se was positively correlated with 
As, Cr, Ni, and Zn. In addition, the Se in dolomite and 
limestone soil was negatively correlated with Hg and 
Pb in blueberry fruit. However, there was no significant 
correlation in the conglomerate area. 

(4) The Se enrichment ability of blueberries in all 
growing regions is strong, reaching the standard of Se-
rich blueberries, indicating that blueberries have the 
potential to create Se-rich fruit. 

(5) The soil Se and heavy metal content explained 
a total of 42.0% of the Se and heavy metal content of 
blueberry fruits, indicating that – apart from the natural 
factors of the soil-forming parent rock – the Se and 
heavy metal content of blueberry fruits may also be 
influenced by other factors, such as mineral exploitation 
and atmospheric deposition.Main text paragraph.

Acknowledgments

 National Natural Science Foundation (41563011), 
Guizhou Provincial Science and Technology Plan 



Wu H., et al.894

Project (Qiankehe foundation [2020] 1Y190), Natural 
Science Project of Guizhou Provincial Department of 
Education (Qianjiaohe KY Zi [2017] 151).

Conflict of Interest

The authors declare no conflict of interest. 

References

1. YUAN L.J., YUAN L.X., YIN X.B., QIN L.Q. 
Physiological Function, Deficiency and its Solutions on 
Selenium: A review. Current Biotechnology. 6 (6), 396, 
2016 [In Chinese].

2. ZHENG B.S., ZHANG Q.X. Practical Techniques 
of Blueberry Cultivation. Zhejiang University Press, 
Hangzhou, China, 1, 2013 [In Chinese].

3. LIU J.P., LI J., DUAN X.D., CAO X.M., HU S.B., LI K.B., 
WANG L., GUAN X.Q., ZENG W.T., LIU F.G., ZHANG 
H., YU S.Y. Material sources of selenium-rich soil and 
its natural selenium-rich wild bacteria in Yimen area, 
central Yunnan. Geological Review. 66 (03), 786, 2020 [In 
Chinese].

4. LI Z., LIANG D.L., PENG Q., CUI Z.W., HUANG J., LIN 
Z.Q. Interaction between selenium and soil organic matter 
and its impact on soil selenium bioavailability: a review. 
Geoderma. 295, 2017.

5. ZINN Y.L., DE FARIA J.A., DE ARAUJO M.A., ARAUJO 
SKORUPA A.L. Soil parent material is the main control on 
heavy metal concentrations in tropical highlands of Brazil. 
Catena. 185, 104319, 2019.

6. YANG Q., YANG Z.F., FILIPPELLI G.M., JI J.F., JI W.B., 
LIU X., WANG L., YU T., WU T.S., ZHUO X.X., ZHANG 
Q.Z. Distribution and secondary enrichment of heavy 
metal elements in karstic soils with high geochemical 
background in Guangxi, China. Chemical Geology. 567, 
120081, 2021.

7. YUAN C.L., LI Q., SUN Z.Y., SUN H.W. Effects of 
natural organic matter on cadmium mobility in paddy soil: 
a review. Journal of Environmental Sciences. 104, 204, 
2021. 

8. GONG Y., ZHANG Z., ZENG X. Distribution of Heavy 
Metal Contents in Soil Producing Uncaria rhynchophylla  
(Miq.) Miq. ex Havil. In Guizhou: Driven by Land Use 
Patterns. Polish Journal of Environmental Studies. 32 (4), 
3113, 2023. 

9. REN H.L., GAO J.B., LONG J., YANG R.D., BI K. 
Geochemical characteristics of selenium-rich strata and 
weathered soil from kaiyang county, Guizhou Province. 
Earth And Environment. 40 (02), 161, 2012 [In Chinese]. 

10. XU Y.Y., YANG R.D., ZHANG J., GAO L., NI X.R. 
Distribution and dispersion of heavy metals in the rock-
soil-moss system of the black shale areas in the southeast 
of Guizhou Province, China. Environmental Science and 
Pollution Research. 29 (1), 854, 2022. 

11. LIU J., SI W., XIAO Z., TANG R., NIU P., FU Y., SHEN 
W.S. Risks to Human Health of Exposure to Heavy Metals 
through Wheat Consumption near a Tailings Dam in North 
China. Polish Journal of Environmental Studies. 32 (4), 
3195, 2023. 

12. HU J.W., XIONG H. Study on properties of natural Se-
enrichment soil and the antagonistic effect of Se to heavy 

metals. Biological Chemical Engineering. 5 ( 2), 11, 2019 
[In Chinese].

13. YIN B, WANG J.F., SHI S., BU Z.Y., HUO T.M., ZHANG 
S.W. Selenium Uptake Characteristics of Reclaimed Soil-
Crop from Mining Wasteland and Its Antagonistic Effects 
on Heavy Metals. Environmental Science. 41 (04), 1904, 
2020 [In Chinese].

14. MA R.R. Study on the relationship between selenium and 
cadmium in root-crop system: A case study of Xiantao 
area in Hubei. China University of Geosciences. 1, 2019 
[In Chinese].

15. MA J.T., ZHOU W., LI J.H., JING Y.Z., HAN D., SHAO 
H.F. Research Progress on the Regulation Mechanism of 
Exogenous Selenium on Heavy Metal Stress in Plants. 
Journal of Agricultural Science and Technology. 24 (06), 
27, 2022 [In Chinese]. 

16. HOU Q.G., WEI L.S., LU Y.N., HUANG B.R., WEI G.J., 
HUANG X.Y., ZHAO F.J., LI S.Q. Research Progress on 
the Regulation Mechanism of Exogenous Selenium on 
Heavy Metal Stress in Plants. Southwest China Journal of 
Agricultural Sciences. 34 (09), 1900, 2021 [In Chinese].

17. LI Y., YANG X.H., LU Y.W., MA J.F. Alleviating 
Toxic Effects of Exogenous Selenium on Growth and 
Development of Perilla frutescens Seedlings under 
Cadmium Stress. Journal of Shanxi Agricultural Sciences. 
49 (04), 408, 2021 [In Chinese].

18.  LI Q.H., LI C.F., XIAO S.Y., WANG H., CHEN C., WEI 
X., WEN X.F. Tracing the origins of blueberries by their 
mineral element contents and 87Sr/86Sr ratios. Biological 
Trace Element Research. 200 (2), 920, 2022.

19. FAGBOHUN O.F., BABALOLA O.O., AGBOOLA 
F.K., JOSEPH J.S., MALINDISA S., MSAGATI 
T.A.M. Evaluation of Phytochemicals, Antioxidants, 
Trace Elements in Kigelia africana Fruit Extracts and 
Chemical Profiling Analysis Using UHPLC-qTOF-MS2 
Spectrometry. BIOL TRACE ELEM RES. 195, 679,  
2020.

20. CHEN X., LIU H., WU P., MENG W., HU J., LI X. 
Characteristics and source analysis of heavy metal 
pollution in Tongren tobacco planting soil based on 
GIS and PMF. JOURNAL OF AGRICU ENVIRON 
SCIENCES. 41, 794, 2022. 

21. DONKOR A., BONZONGO J., NARTEY V., ADOTEY D. 
Mercury in different environmental compartments of the 
Pra River Basin, Ghana. Science of the Total Environment. 
368 (1), 164, 2006.

22. LI Q., HU Q., ZHANG C., MÜLLER W.E., SCHRÖDER 
H.C., LI Z., JIN Z. The effect of toxicity of heavy metals 
contained in tailing sands on the organic carbon metabolic 
activity of soil microorganisms from different land use 
types in the karst region. Environmental earth sciences. 74  
(9), 6747, 2015.

23. NI X.R., YANG R.D., CHEN R., ZHANG J., LIU C.L. 
Health risk assessment of heavy metal and Se, Mo, Zn in 
the soil and maize in the Danzhai-Sandu mercury mining 
area, Guizhou. Geological Review. 66 (04), 1031, 2020 [In 
Chinese].

24. ZHOU G.H. Research Progress of Selenium-enriched 
Land Resources and Evaluation Methods. Rock And Mine 
Analysis. 39 (03), 319, 2020 [In Chinese].

25. Ministry of Environmental Protection. GB15618-2018 Soil 
Environmental quality-Agricultural land Soil pollution 
risk control standard (Trial). China Environmental Science 
Press, Beijing, China, pp. 1-4, 2018 [In Chinese].

26. WEI F.S., CHENG J.S., WU Y.Y., ZHENG C.J., JIANG 
D.Z. Background values of soil elements in China. China 



Enrichment Characteristics and Correlation... 895

Environmental Science Press, Beijing, China, pp. 87, 94-
493, 1990 [In Chinese].

27. NING J., MA Y.Q., YANG H., MA Y., LI Y.S., YAO R., 
HUANG C., XU C. Migration characteristics and pollution 
evaluation of heavy metal in orchard soil-crop system 
in karst area of Southwest China. Journal of Southern 
Agriculture. 1, 2022 [In Chinese].

28. BAI Y.C., HOU Z.X., WANG C., YANG J.F., YANG L. 
Nutritional characteristics in leaf, root and root soil of 
vaccinium uliginosum in the Greater Xing’an Mountains. 
Journal of Northwest A & F University (Nat. Sci. Ed.). 45 
(07), 115, 2017 [In Chinese].

29. BAI Y.C., WEI X.F., CHEN L., WAN R.M., HOU Z.X. 
Multivariate Analysis of Fruit Leaf Mineral Elements, 
Soil Fertility Factors and Fruit Quality of Vaccinium 
uliginosum L. Scientia Agricultura Sinica. 51 (01), 170, 
2018 [In Chinese].

30. TAN J.A., WANG W.Y., LUO K.L. Earth Environment and 
Health.  Chemical Industry Press, Beijing, China, 1, 2004 
[In Chinese].

31. WANG R., YU T, ZENG Q.L., YANG Z.F. Distribution 
Characteristics, Origin and Influencing Factors of Soil 
Selenium Concentration of Main Farming Areas in China. 
Current Biotechnology. 7 (05), 359, 2017 [In Chinese].

32. LI J.X., ZHANG G.D., GE X.L., ZHANG Q.L., LUO 
D.H., APPLETON J.D., JOHNSON C.C., FORDYCE F.M. 
Prediction and geochemical environmental character of 
human selenium imbalances. Geological Press, Beijing, 
China, 1, 2000 [In Chinese].

33. CAI D.W., LI L.B., JIANG G.C., YAN Q., REN M.Q. 
Statistics and Analysis of Geochemical Backgrounds of 
Main Elements of Cultivated Land in Guizhou Province. 
Guizhou Geology. 37 (03), 233, 2020 [In Chinese].

34. MENG W., ZHOU Y., XIONG Y.C., MO C.H., YUAN Y.S. 
Se-enriched Soil and Se Content of Kiwifruit in Xiuwen 
County, Guizhou Province. Cultivation and Cultivation. 5, 
22, 2018 [In Chinese].

35. ZHANG D.S., YANG B.N., HONG W.H., SHENn X.Q., 
HAN Y.F. Study on Selenium Content Characteristics and 
Selenium-enriched Crops in Dejiang County, Guizhou 
Province. Guizhou Geology. 37 (03), 298, 2020 [In 
Chinese].

36. LI C.F. Geochemical characteristics and influencing 
factors of selenium in main blueberry bases in Guizhou. 
Guizhou University. 12, 2021 [In Chinese].

37. ZHOU W., ZHOU Y.C., ZHOU X.H., LI J. Oxidizable 
organic carbon in soils originated from different parent 
rock. Chinese Journal of Ecology. 25 (12), 1500, 2006 [In 
Chinese].

38. RASMUSSEN C., SOUTHARD R.J., HORWATH W.R. 
Mineral control of organic carbon mineralization in a 
range of temperate conifer forest soils. Global Change 
Biology. 12 (5), 834, 2006.

39. LIU Q., TIAN X., SHI Y.X. Absorption and transformation 
of exogenous Se and its quality effects in blueberry  
(Vaccinium corymbosum). Plant Physiology Journal. 52 
(8), 1151, 2016 [In Chinese].

40. ZHAO Z.Q., ZHENG H.L., ZHANG C.G., MA J.H. 
Advances in the studies on selenium in soil and selenium 
biological effect. Chinese Journal of Ecology. 1, 25, 2003 
[In Chinese].

41. ALFTHAN G., EUROLA M., EKHOLM P., 
VENÄLÄINEN E.R., ROOT T., KORKALAINEN K., 
HARTIKAINEN H., SALMINEN P., HIETANIEMI V., 
ASPILA P., ARO A. Effects of nationwide addition of 
selenium to fertilizers on foods, and animal and human 
health in Finland: From deficiency to optimal selenium 
status of the population. Journal of Trace Elements in 
Medicine & Biology Organ of the Society for Minerals & 
Trace Elements. 31 (1), 142, 2015.

42. ZHANG Y.Q., MAO D.L. Fuzzy Comprehensive 
Evaluation of Heavy-metals Polluted Degree for Selenium-
rich Vegetable Soil in Jinhua City. Hunan Agricultural 
Sciences. 1, 47, 2012 [In Chinese].


