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Abstract
Elemental selenium de�ciency is considered as a global problem about the health of human that can be alleviated by daily
selenium supplementation from selenium-rich foods. In order to discover some green selenium-enriched agricultural products,
several samples including surface soil, upland rice and root soil collected from the camellia interplanting upland rice in
Xinfeng County, Jiangxi Province were tested, analyzed for selenium and heavy metals elements, and evaluated their quality.
The results show that the surface soil is strongly acidic in this area, the average selenium content grade is moderate, and the
soil environmental geochemistry grade is clean. For the upland rice, it is found that the root-soil system is strong acid, the
average selenium content grade is selenium-rich, and the soil environmental geochemistry grade is clean. Additionally, the
vertical pro�le of the soil reveals that Cd, Hg, Cr, and organic matter exhibit an obvious enrichment trend on the surface, and
the content of Se is positively correlated with the content of Cd, As, Hg, Cr, and organic matter respectively, while is negative
with the content of Ni, Cu, Zn, Pb and pH respectively, which indicates that the upland rice is at risk of heavy metal pollution.
Nervertheless, the upland rice grown in this area is green and selenium-rich, which suggests a good ability to repair the soil
contaminated by Hg and Cd heavy metals through the upland rice.

Introduction
Selenium is called the "longevity element",which is one of the essential trace elements for human health (Gerla et al., 2011).
China and even most parts of the world are de�cient in selenium. Selenium is processed into various nutrients to make up for
the needs of the human body. With the continuous improvement of Chinese people's living standard, people are more in
pursuit of health and longevity. The selenium-enriched agricultural products that have been developed such as rice, navel
orange, tea, camellia, corn, etc. Compared with other agricultural products, rice is easily enriched in selenium. It is widely
planted and has high yields, and is deeply loved by the people. The selenium in agricultural products mainly comes from the
soil, and there is a certain concomitant relationship between Se and heavy metal elements in the soil(Wang et
al.,2019;Vodyanitskii,2010;Rahimzadeh et al.,2017) At present, there are reports of selenium-rich farmland are polluted by
heavy mental in many places(Arif et al.,2019). In Jiangjin District of Chongqing, As content in the soil is signi�cantly
positively correlated with As content in rice. The enrichment capacity of rice for selenium and heavy metals is: Cd > Se > Hg > 
As > Cr > Pb(Fu et al.,2019). It is found that there is a signi�cant correlation between Se, Cr, Cd, and Ni in the soil of Wangying
Town, Lichuan City, Hubei Province. Although the Se content in rice reaches the selenium-enriched standard, and usually
accompanied by the Cd content exceeding its standard(Lan et al.,2019). The concentrations of selenium and related metals
are analyzed from 2756 ordinary and 4894 selenium-enriched agricultural products samples in 10 regions of China. It is found
that there are risks of arsenic and cadmium exceeding the standard in selenium-enriched rice samples(Zhang et al.,2020). In
the process of rice growth, an appropriate amount of selenium has a antagonistic effect on the heavy metals As, Cd, Pb, Hg
and Cu, thereby reducing the toxicity of heavy metals (Raj et al.,2020;Hu et al.,2019;Farooq et al.,2019;Chang et al.,2019;Deng
et al.,2018). Meanwhile, the high content of heavy metals will affect the healthy growth of rice; the selenium absorption
activity will directly or indirectly affect the growth and development of crops(Xie et al.,2021). Scholars from various countries
have done more research on the selenium-enrichment and heavy metal content in conventional rice, but do less in the upland
rice (Wang et al.,2020;Ding et al.,2020). In the study, the soil samples and upland rice samples collected from the camellia
interplanting upland rice base in Xinfeng County, Jiangxi Province were tested and analyzed for selenium and heavy metal
elements. The quality evaluation was carried out to �nd the economic value of the selenium-enriched upland rice.

Materials And Methods
Field description.The Camellia interplanting Upland Rice is located in Eshi'ao, Xingfu Village, northwest of Xinfeng County,
Ganzhou City, Jiangxi Province (Fig. 1), covering an area of about 0.42 km2.The location is a demonstration base for the
targeted poverty alleviation in Xinfeng County, and its landscape of interplanting upland rice with camellia has become a local
highlight. The average altitude of the area is 260 m, and the terrain is mainly hilly. The climate is mild, sunny, heat rich, and
aboundant rainfall. The subtropical monsoon climate is humid, and the annual average temperature is 19.2 ℃. The stratum
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lithology is mainly sandstone and slate of the Sinian Bali Formation; and �ne sand, silt clay and subclay of the Quaternary
Lianwei Formation. The soil type is mainly red soil, with a small amount of paddy soil. There are abundant water sources in
the area with excellent water quality, no mines and factories.

Sample layout and collection.The sample layout, collection method and sampling density were strictly in accordance with the
requirements of DZ/T0295-2016 "Code for Geochemical Evaluation of Land Quality"(Yang et al., 2016). A total of 4 samples
of surface soil, 2 samples of mountain rice and root soil, and 1 vertical section of construction soil were collected (Fig. 2).

Generally, soil samples were collected after harvest of the upland rice, and before the application of base fertilizer and
planting. The layout of sample sites was based on land use patterns, combined with the latest remote sensing images, with
the principle of representativeness, avoiding roads and villages and others areas affected by human intervention, while taking
into account the uniformity of spatial distribution. At the set sampling point, the GPS positioning point was taken as the
center, radiating 50 m to the surrounding as the sampling, and the sampling depthwas 0–20 cm. A spade was used to dig a
pit and a bamboo strip was adopted to remove the soil in contact with the metal sampler before sampling. 5 equal divided
samples were combined into 1 mixed sample.

The samples were collected at the peak of harvest. Base on the classi�cation of soil quality by using the chemical test data of
soil samples, the layout of the sample points followed the principle of representativeness and adopted checkerboard
sampling method, selecting 10 upland rices and mixing into 1 sample; the root soil sample was corresponding with the root
system of mountain rice samples.

The vertical soil pro�le was arranged at the representative steep slope with complete and obvious soil strati�cation. Strati�ed
sampling was carried out after the surface of the section was stripped of the �oating soil and the dead branches and
miscellaneous leaves.

Sample test analysis.Soil and upland rice samples were analyzed and tested in the Shanxi Provincial Experimental Institute of
Geology and Mineral Resources. Eight heavy metal elements (Se, Cd, As, Hg, Cr, Ni, Cu, Zn and Pb), organic matter and pH
value were mainly tested and analyzed. The testing methods and detection limits were shown in Table 1.
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Table 1
The detection limit of sample analysis method

Classi�cation Serial number Test index Analytical method Detection limit

Soil 1 Se AFS 0.01

2 As AFS 1

3 Cd ICP-MS 0.03

4 Cr XRF 5

5 Cu XRF 1

6 Hg AFS 0.0005

7 Ni ICP-AES 2

8 Pb XRF 2

9 Zn XRF 4

10 Organic matter VOL 0.17

11 pH ISE 0.1

Upland rice 1 Se AFS 0.005

2 As AFS 0.01

3 Cd ICP-MS 0.0001

4 Cr ICP-MS 0.005

5 Cu ICP-MS 0.005

6 Hg AFS 0.0005

7 Ni ICP-MS 0.005

8 Pb ICP-MS 0.005

9 Zn ICP-OES 0.05

Note: organic matter content is %, and pH is dimensionless; VOL, Volume method; XRF, X-ray �uorescence spectrometry;
AFS, Atomic �uorescence spectrometry; ISE, Ion selective electrode method; ICP-AE, Inductively coupled plasma emission
Spectroscopy; ICP-MS, Plasma emission spectroscopy

Results

Soil geochemical characteristics
Geochemical characteristics of the topsoil.The average element content of the four surface soil samples in the study area
was compared with the Chinese soil background value (Wei et al., 1990)(Table 2).The content of Se, Hg, Cr, and Cu in the soil
in this area were slightly higher, while the content of Cd, As, Ni, Pb and Zn and pH values were slightly lower. Compared with
the average soil geochemistry of Ganzhou City (Yong et al., 2020), the contents of Se, Cr, Ni, and Cu were slightly higher, while
the contents of Cd, As, Hg, Zn and pH were slightly lower. According to Table 3, the average pH value of the soil in this area
was 4.81, which was strongly acidic. 50% of the soil samples were selenium-rich soils. The average selenium content in the
whole area was 0.39×10− 6, and its grade was moderate. The soil environmental geochemical grade was calculated according
to formula 1, and the single pollution index Pi of soil pollutant i was calculated:
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In the formula, Ci—the measured concentration of index i in the soil; Si——the second-level standard value of pollutant i given
in GB 156185-1995 "Soil Environmental Quality Standard" (Xia et al., 1995). By calculating the single pollution index of heavy
metal elements in the soil in this area, Pi < 1 (Table 2), the soil environmental geochemical grade in this area was clean
according to Table 3.

Table 2
The statistical table of geochemical characteristics of elements in soil (/10− 6)

Sample Cd As Hg Se Cr Ni Cu Zn Pb Organic
matter

pH

C1 0.067 1.79 0.0505 0.18 83.80 22.20 22.40 43.90 29.20 4.79 4.81

C2 0.120 7.07 0.1190 0.31 68.00 20.00 24.50 70.30 29.50 5.50 5.21

D1 0.059 5.51 0.0504 0.57 93.80 18.60 33.70 32.60 14.10 2.22 4.58

D2 0.015 4.82 0.0558 0.49 90.80 26.60 29.60 36.00 20.00 2.81 4.65

Average value 0.065 4.80 0.0689 0.39 84.10 21.85 27.55 45.70 23.20 3.83 4.81

China´s
soil(Wei et
al.,1990)

0.1 11.2 0.0650 0.29 61.00 26.9 22.6 74.2 26 3.1 6.7

Ganzhou
soil(Yong et
al.,2020)

0.187 9.124 0.094 0.272 41.974 16.251 19.843 73.849 — — 5.19

Si(Xia et al.,
1995)

0.30 40 0.30 — 150 40 50 200 250 — —

Pi(Xia et al.,
1995)

0.22 0.12 0.23 — 0.56 0.55 0.55 0.23 0.09    

Note: The unit of organic matter content is %, and pH is dimensionless; —means no data.

Table 3
Boundary of soil pH, selenium(10− 6) and environmental geochemical grade [17]

Selenium ≤ 0.125 0.125 0.175 0.175  0.40 0.40  3.0 > 3.0

Grade De�cient Marginal Su�cient Rich Excessive

pH  5.0 5.0  6.5 6.5  7.5 7.5  8.5  8.5

Grade Strong
acidity

Acidic Neutral Alkalinity Strongly
alkaline

Single pollution index P < 1 1 < P ≦ 2 2 < P ≦ 3 3 < P ≦ 5 P ≧ 5

Environmental geochemical
grade

Clean Slight
pollution

Light
pollution

Moderate
pollution

Severe
pollution

Characteristics of geochemical elements in vertical pro�le.In order to study the vertical distribution characteristics of each
element in the upland rice planting soil, a vertical pro�le was constructed with a pro�le depth of 200 cm and divided into 5
layers. The �eld description of the pro�le was shown in Table 4, and the geochemical data of the soil vertical pro�le was
displayed in Table 5.
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Table 4
The �eld description of soil vertical pro�le

Strati�cation deepth/cm Description of wild Number
of
samples

Humus layer

(layer A)

0 ~ 14 Dark gray, sandy loam soil, deciduous, dead leaf layer, developed root system,
loose soil layer, animal holes appear.

PM1-1

Leaching
layer

(layer E)

14 ~ 45 Light gray-
yellow sandy loam with a small amount of quartz gravel, compactable, plate-
like soil with a few roots and occasional animal holes.

PM1-2

Deposited
layer(layer
B)

45 ~ 80 Light red-light yellow, sandy soil, with a small amount of weathered parent rock
and gravel, the soil is massive and compact, with only a few roots.

PM1-3

Parent layer

(layer C)

80 ~ 136 Light red-yellow, mainly composed of red slate fragments and sandy soil. the
soil layer is compact, fragile, and occasionally root system.

PM1-4

Source rock 136 ~ 200 Reddish-brown, mainly composed of red slate layers, the rock layers are
horizontally layered, the rock layers are fragile, iron leaching occurs after local
weathering, and animal holes are occasionally seen.

PM1-5

Through strati�ed sampling and experimental testing, it was found that the contents of Cd, Hg, Cr, and organic matter in the
humus layer (layer A) were the highest, and their contents decreased with the increase of pro�le depth, indicating that these
elements have a signi�cant tendency to be enriched on the surface; while the contents of Ni, Cu, Zn and pH were the lowest.
With the increase of pro�le depth, their values were tended to increase, indicating that these elements were susceptible to
weathering. The contents of Se, Cd, Hg, Pb, and organic matter in the leaching layer (layer E) were lower than that of the
humus layer and the deposition layer, while the contents of As and Ni were higher than that of the humus layer and the
deposition layer, suggesting that the geochemical behavior of each element was different under strong leaching, (Fig. 3).

Table 5
The geochemistry data list of soil vertical pro�le (/10− 6)

Strati�cation Sample Se Cd As Hg Cr Ni Cu Zn Pb organic
matter

pH

Humus layer

(layer A)

PM1-1 0.53 0.080 4.39 75.76 92.37 30.90 31.57 40.18 33.49 5.17 4.71

Leaching
layer

(layer E)

PM1-2 0.43 0.034 6.99 42.71 92.08 31.49 33.87 43.00 30.09 1.45 4.77

Deposited
layer(layer
B)

PM1-3 0.55 0.061 5.26 63.33 88.34 31.40 40.52 49.39 34.45 1.53 5.11

Parent layer

(layer C)

PM1-4 0.40 0.040 3.82 60.07 88.77 38.22 48.03 56.76 39.39 0.84 5.18

Source rock PM1-5 0.39 0.054 3.66 66.21 89.25 43.30 52.91 61.87 49.42 0.81 5.15

Note: The unit of organic matter content was %, and pH was dimensionless.

Depending on the analyze of the correlation between the elements in the soil of vertical pro�le, it was found that the content
of Se was positively correlated with the contents of Cd, As, Hg, Cr, and organic matter respectively, while negatively correlated
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with the contents of Ni, Cu, Zn, Pb and pH respectively. Among heavy metals, Cd content was signi�cant positively correlated
with Hg content, while Ni was great positively correlated with Cu, Zn, and Pb content (Table 6). The pH was serious positively
correlated with Cu, Zn content, and negatively correlated with Cr content, which indicating that Cr was easily migrated in an
acidic environment.

Table 6
The correlation analysis of Se, heavy metal elements, organic matter and pH in soil vertical pro�le

  Se Cd As Hg Cr Ni Cu Zn Pb Organic
matter

pH

Se 1 0.715 0.210 0.410 0.140 -0.776 -0.641 -0.649 -0.569 0.639 -0.368

Cd   1 -0.378 0.888* 0.185 -0.266 -0.309 -0.323 -0.007 0.801 -0.288

As     1 -0.761 0.466 -0.676 -0.655 -0.639 -0.767 -0.022 -0.554

Hg       1 -0.110 0.133 0.101 0.083 0.358 0.575 0.078

Cr         1 -0.505 -0.78 -0.778 -0.539 0.680 -0.969**

Ni           1 0.933* 0.933* 0.957* -0.571 0.692

Cu             1 1.000** 0.906* -0.723 0.905*

Zn               1 0.904* -0.735 0.903*

Pb                 1 -0.430 0.687

Organic
matter

                  1 -0.751

pH                     1

**0.01signi�cant correlation of level, *0.05 signi�cant correlation of level, the number of samples was 5 pieces.

4 Geochemical characteristics of mountain rice
Geochemical characteristics of rice.In accordance with GB/T 22499 − 2008 selenium-enriched rice(Xie et al.,2009), from
Table 2, it could be seen that the selenium contents of mountain rice samples in the study area were 0.047×10− 6 and
0.058×10− 6, respectively, reaching the lever of selenium-rich rice (0.04×10− 6~ 0.30 × 10− 6). Taking into account the limits of
contaminants from the food of GB 2762 − 2017 National Food Safety Standard Food(The Ministry of Health of the People's
Republic of China,2017), as shown in Table 6, the contents of inorganic As, Hg, Cd, Cr and Pb in upland rice were all lower
than the pollutant limit value of 0.20×10− 6, 0.02×10− 6, 0.20×10− 6, 1.00×10− 6 and 0.20×10− 6. Owing to no limit standard for
Cu, Zn, and Ni content was set in China. Therefore, the upland rice in this area was identi�ed as green selenium-rich upland
rice.

Table 7
Analysis and test results of upland rice (/10− 6)

sample As Hg Se Cd Cr Cu Pb Zn Ni

SD1 0.006 0.0041 0.047 0.0768 0.68 7.29 0.14 31.24 1.91

SD2 0.036 0.0044 0.058 0.0672 0.30 6.74 0.14 30.43 1.85

The chemical characteristics of the earth globe of the root system.

The selenium contents of the root soil samples of upland rice in the study area were 0.55×10− 6 and 0.31×10− 6, respectively.
The average value was calculated to be 0.43×10− 6. According to Table 3 and Table 8, the upland rice root soil was strongly
acidic and rich in selenium, and the soil environmental geochemical grade was clean.
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Table 8
Analysis and test results of root soil of upland rice /10− 6

sample Inorganic As Hg Se Cd Cr Cu Pb Zn Ni Organic matter pH

GXT1 4.41 0.0044 0.55 0.04 91.45 32.67 26.06 52.67 32.78 1.20 4.40

GXT2 2.88 0.0029 0.31 0.05 64.81 23.87 8.10 32.04 12.85 1.00 4.42

Note: The unit of organic matter content was %, and pH was dimensionless.

Bio-enrichment coe�cient.The biological coe�cient was estimated to demonstrate the ability of crops to absorb and enrich a
certain element from the soil(Jakubus et al.,2019). Biological enrichment coe�cient (BCF) = C crops/C root soil, C crop was the

content of the element in the crop (10− 6), C root soil represented the content of the element in the corresponding root soil of the

crop (10− 6). The average enrichment coe�cients of selenium and 8 heavy metal elements were displayed in Table 9. Their
orders were as follows: Cd > Hg > Zn > Cu > Se > Ni > Pb > inorganic As > Cr, indicating that Cd and Hg could be easily absorbed
by the upland rice in the investigative area. Moreover, Selenium-enriched mountain rice had a risk of heavy metals exceeding
the standard.

Table 9
Ratio of biological concentration of Se and heavy metals

sample Inorganic As Hg Se Cd Cr Cu Pb Zn Ni

SD1 0.001 0.930 0.085 1.920 0.007 0.223 0.005 0.593 0.058

SD2 0.013 1.528 0.187 1.344 0.005 0.282 0.017 0.950 0.144

Average value 0.007 1.229 0.136 1.632 0.006 0.2525 0.011 0.7715 0.101

Discussion
The average Se element content of the surface soil samples in the study area is higher than the background value of China,
and the average soil geochemistry of Ganzhou City. The high selenium content of soil with ancient strata as the parent rock
has basically become the consensus of scholars at home and abroad(Cheng et al., 2021; John et al., 2018; Bullock et al.,
2018), but because the ancient strata are mostly composed of hard rocks, which are not easy to weather, and the topography
is mostly hilly, which is not conducive to agricultural development. In Xinfeng County of Jiangxi Province and even in South
China, the ancient strata are widely distributed, but the agriculture utilization is less. The results of this research can provide a
basis for the extensive planting of upland rice. At the same time, upland rice has high nutritional value, strong insect
resistance, adaptability and drought tolerance, good economic bene�ts, and also can effectively prevent soil erosion(Wu et al.,
1997). In addition, since the price of selenium-enriched agricultural products is ten times, or even dozens of times, the price of
ordinary agricultural products, the discovery of green selenium-enriched upland rice this time further improve the economic
value of upland rice, and contributes to the large-scale planting of mountain rice and increases farmers’ income, providing a
basis for the revitalization and development of the southern Jiangxi Soviet area.

In recent years, the green technology of phytoremediation of soil heavy metal pollution has become the focus of research by
scholars at home and abroad [28]. The key of the technology is to screen the plants that are super-rich in heavy metals, that is,
plants with an enrichment coe�cient greater than 1 [29]. This study found that the enrichment coe�cients of Hg and Cd in
upland rice were relatively high, (1.229 and 1.632, respectively,)which reach the standard for super-enriched plants. Therefore,
upland rice can be used to repair soil contaminated by Hg and Cd heavy metals.

Conclusion
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The surface soil in this area was strongly acidic, the average selenium content grade was moderate, and the soil
environmental geochemical grade was clean; the upland rice root system soil was strongly acidic, the average selenium
content grade was selenium-rich, and the soil environmental geochemical grade was clean.The rice planted in this area was
rich in selenium and can be used to repair the soil contaminated by Hg and Cd.
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Figure 1

Location map of study area

Figure 2

Sampling distribution in the study area
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1.          Topsoil sampling sites; 2.Upland rice sampling site; 3. Pro�le location

Figure 3

The geochemical map of soil vertical pro�le 


