
INTRODUCTION

Surface agricultural soil is not only the matrix for plant

growing, but also the main supplier of plant-available mineral

elements1. Accordingly, they affect agricultural productivity,

which was more pronounced in different soil types and at the

same time determine a portion of the terrestrial environment2.

Mineral element is essential nutrition for human health, plant

growth and development3,4. The species of mineral elements in

crops are various and according to content and functionality in

crops, they can be divided into macronutrients, micronutrients,

beneficial elements and pollution elements and other elements5,6.

However, different soil types, which due to different soil parent

materials, the impact of human activities, as well as temperature

and humidity, contain different elements7. In this article, there-

fore, information on the elemental composition and contents of

agricultural surface soils from different soil type are essential

not only for the evaluation of inherent soil fertility and soil quality

for a local conditions agriculture, but also for the understanding

a variety of natural and anthropogenic processes from an

environmental perspective.

The nondestructive property, easier sample preparation

and simultaneous multi-element analysis capability of the
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To detect total mineral elements of four different representative agricultural soil types, which include black soil, brown soil, sandy soil and

alluvial soil, collected from the surface layer of corn of Lishu county, Jilin province, P.R. China. X-ray fluorescence spectrometry was

applied for qualitative and quantitative analysis. Qualitative analysis detected 33 elements, they are Si, Al, Fe, K, Na, Mg, Ca, Ti,
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Nb, Bi, Pt, Au, Ce, Sc was unique or just contained in few soil types, black soil contains the largest elemental varieties, sandy soil the less.

Based on the different roles played in plant growing, as well as environmental concern, elements were classified into macronutrients

(P, K, Ca, Mg, S), micronutrients (Fe, Mn, Cu, Zn, Mo, Cl, Ni), beneficial elements (Co, Na, Si, Al, Ce, La, Y,), pollution elements (Cr,

Pb) and other elements (Ti, Zr, Ba, V, Sr, Rb, Ga, Nb, Bi, Pt, Au, Sc). Comprehensive analysis showed that the elements measured were

50, 48.7, 46.1 and 47.5 % account for the total mass of black soil, sandy soil, brown soil and alluvial soil, respectively. In addition to

organic matter, macronutrients, micronutrients and beneficial elements have made black soil a best candidate for crops planting. In

conclusion, these data can be used as basic information on which development of sustainable agriculture and promotion of environmental

conservation.

Key Words: Agricultural soils, X-ray fluorescence spectrometry, Elemental composition, Qualitative analysis, Quantitative analysis.

X-ray fluorescence (XRF) Spectrometry, makes it an attractive

technique for the elemental analysis of a wide range of mate-

rials, Optimized operating conditions enhance the detection

efficiency and improve the minimum detection limits8. The

excellent properties mentioned above have made X-ray fluore-

scence spectrometry or improved a prominent way in soil

elements determination, as well as sediments9-11. In this study,

accounted for the acute sensitive and wide detection range, a

Wavelength dispersive X-ray fluorescence spectrometry was

utilized for qualitative and quantitative analysis.

EXPERIMENTAL

Soil samples and pre-treatment: All the 12 agricultural

soil samples used in this study were collected in Lishu county,

Jilin province from 4 soil types, which were black soil, sandy

soil, brown soil and alluvial soil in order to have a homo-

genous representative sample. The desired soils for the

experiment were air-dried by placing on kraft papers in a

ventilated warm room for few days and the impurities such as

stones and leaves were removed from them.

Sample processing and specimen preparation: Samples

were crushed to pass through a 200-mesh nylon sieve prior,

after this processing, baked at 105 ºC for 4 h. When they were
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cooled, filling them in boric acid bottomed aluminum cups

and put them into the tablet press to form pressed powder

pellets under 30 Mpa pressure.

Apparatus and operating conditions: The instrument

(Thermo electron operation (us) ARL ADVANT XP+ WD-

XRF spectrometer) used in this work has a unique super

sensitive range (100 %~0.001 %), high-power (4.2 kW) thin

end-window Rh X-ray tube. In this study, working conditions

were as follow:

Elements analysis range: F~U. excitation current was 50

mA, excitation voltage was 50 kV and relative humidity was

20 %.

Statistical analysis: The descriptive statistical parameters

(mean, maximum and minimum concentrations) were calcu-

lated by Microsoft Excel 2010, Graph, t-test and the signifi-

cant difference analysis among different soil types were

performed by PASW statistic 18.

RESULTS AND DISCUSSION

Overall analysis of elemental contents in soils: Total

analysis, the determination of the total concentration(s) of an

element (or elements) in a soil, is used to characterize a soil in

terms of its fundamental elemental composition as derived

from its parent geological material12. Table-1 shows the descrip-

tive statistics, i.e., arithmetic mean and concentration range of

the total concentrations of the 33 elements, qualitative and

quantitative analyzed by XRF. The bar graph (Fig. 1) indi-

cated the percentage of all the measured elements in black

soil, sandy soil, brown soil and alluvial soil, respectively. From

Table-1, we can see that black and brown soil contain relative

large varieties and high content of elements, sandy soil contains

less.

In terms of black soil, the content percentage of macro-

nutrients, micronutrients, beneficial elements, pollution

elements and other elements were 5.3788, 2.7115, 41.4319,

0.0067 and 0.5090, respectively. The values of sandy soil,

brown soil and alluvial soil, respectively, was 4.274, 1.5048,

42.5757, 0.0027, 0.3396, 4.205, 3.4581, 37.8415, 0.0081,

0.5431, 4.472, 2.1461, 40.3975, 0.0064, 0.4721. According

to the analysis of variance, results showed in Table-2, there

was no significant difference among the overall datasets.

Macronutrient contents of agricultural soils with

reference to soil type: Generally, macronutrients refer to C,

H, O, N, P, K, Ca, Mg and S, whose contents accounted for

more than 0.1 % of the dry weight of crops. Thus, they are

always of the simple mineral constituents necessary for the

TABLE-1 
ARITHMETIC MEAN, CONTENT RANGE OF TOTAL ELEMENTS IN DIFFERENT SOIL TYPE 

Black soil Sandy soil Brown soil Alluvial soil 
Element 

Mean Range Mean Range Mean Range Mean Range 

Si 30.5967 26.94-27.78 33.2400 32.84-33.56 26.6200 26.53-26.78 29.8567 29.61-30.13 

Al 9.5033 9.37-9.6 8.0633 7.88-8.24 9.9500 9.88-10.08 8.7133 8.6-8.84 

Fe 2.6133 2.41-2.73 1.4600 1.42-1.5 3.3233 3.24-3.38 2.0700 2.1-2.38 

K 2.1767 2.16-2.19 2.5200 2.5-2.56 2.0567 2.04-2.08 2.3333 2.3-2.38 

Na 1.3200 1.25-1.45 1.2633 1.25-1.28 1.2600 1.1-1.53 1.8167 1.77-1.9 

Mg 1.3367 1.28-1.38 0.8970 0.878-0.903 1.1333 1.12-1.16 0.9677 0.926-0.996 

Ca 1.6033 1.54-1.7 0.7313 0.719-0.747 1.0667 1.04-1.08 0.6761 0.957-0.974 

Ti 0.4083 0.397-0.414 0.2687 0.262-0.277 0.4513 0.447-0.453 0.3757 0.365-0.382 

Px 0.1683 0.133-0.209 0.0800 0.0772-0.083 0.1127 0.11-0.117 0.1807 0.15-0.198 

Mn 0.0621 0.0563-0.0648 0.0313 0.0311-0.0316 0.0827 0.0771-0.0858 0.0488 0.0466-0.0513 

S 0.0938 0.0564-0.119 0.0456 0.0434-0.0488 0.1027 0.052-0.149 0.0472 0.0407-0.0518 

Cl 0.0220 0.0118-0.0239 0.0086 0.0042-0.0127 0.0376 0.0086-0.0108 0.0153 0.0086-0.0224 

Zr 0.0367 0.0355-0.0383 0.0193 0.0174-0.024 0.0294 0.0288-0.0298 0.0326 0.0321-0.0333 

Ba 0.0239 0.0211-0.0277 0.0195 0.0159-0.0218 0.0244 0.0193-0.0305 0.0233 0.013-0.0323 

V 0.0073 0.0071-0.0076 0.0051 0.0049-0.0053 0.0096 0.0092-0.0104 0.0063 0.0057-0.0068 

Sr 0.0192 0.0184-0.0196 0.0133 0.0129-0.0135 0.0140 0.0138-0.0142 0.0197 0.0187-0.0203 

Rb 0.0100 0.0095-0.0103 0.0090 0.0089-0.0092 0.0104 0.0103-0.0106 0.0102 0.0097-0.0107 

Zn 0.0064 0.0059-0.0067 0.0031 0.0028-0.0035 0.0073 0.0069-0.0077 0.0075 0.0055-0.009 

Cr 0.0046 0.0042-0.0051 0.0027 0.0023-0.0029 0.0056 0.0053-0.0057 0.0045 0.004-0.0051 

La 0.0049 0.0038-0.0066 0.0079 0.0052-0.0096 0.0072 0.0052-0.0093 0.0078 0.0074-0.0082 

Ni 0.0026 0.0023-0.003 0.0017 0.0015-0.002 0.0036 0.0033-0.0037 0.0026 0.0023-0.0028 

Y 0.0022 0.002-0.0023 0.0011 0.001-0.0012 0.0025 0.0024-0.0026 0.0021 0.0017-0.0024 

Mo 0.0039 *-0.0057   0.0020 0.0019-0.0022   

Pb 0.0021 0.0017-0.0024   0.0025 0.002-0.0029 0.0019 0.0017-0.0021 

Co 0.0012 0.0013-0.0086   0.0018 0.0017-0.002 0.0009 0.00086-0.00094 

Cu 0.0014 0.0013-0.0096   0.0016 0.0013-0.0019 0.0019 0.0012-0.0023 

Ga 0.0014 0.0013-0.0016   0.0016 0.0016-0.0017 0.0016 0.0012-0.0014 

Nb 0.0010 0.00098-0.0011   0.0012 0.001-0.0014 0.0011 0.001-0.0012 

Bi     0.0012 *-0.0012   

Pt   0.0023 *-0.0024   0.0016 *-0.0021 

Au   0.0024 *-0.0025     

Ce 0.0036 *-0.0039       

Sc 0.0012 *-0.0013       

Note: Values for the elements are expressed at w/w %; Px refers to phosphate; Blank means not detected; *indicates the content of one sample 

≤ low detection limit 
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Fig. 1. Percentage of all the measured elements in soil

growth and development of the living plant13. Limited by the

measuring range of instrument, C, H, O and N were given up.

TABLE-2 
RESULTS OF TOTAL ELEMENTS CONTENT ANOVA 

Content 

S-N-K
a
 

Soil types Subset for alpha = 0.05 

 

N 

1 

Brown soil 33 1.403724 

Alluvial soil 33 1.431124 

Sandy soil 33 1.475652 

Black soil 33 1.516306 

Sig.  1.000 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 33 

 
Fig. 2 shows the content of macronutrients in different soil

types. From the arithmetic means of soil elements in this figure

associated with variance analyze (p = 0.975 > 0.05), conclusion

was that elemental contents had no significant difference among

soil types and so did the soil content range (Table-1).
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Fig. 2. Percentage content of macronutrients in different soil types

In terms of the total content of macronutrient elements,

black soil had a relatively high content, 5.38 %, than other

soil. The descending order of total content is black soil > allu-

vial soil > sandy soil > brown soil. Black soil tends to have

relatively high Ca and Mg content and relatively low K, S and

P content. Sandy soil had highest content of K, simultaneously

the lowest content of S. All the elemental content of brown

soil and alluvial soil were centered. As in dispensable material

for plant growth, it's relatively harmonious content of inherent

fertility for macronutrients, undoubtedly, has made black soil

an excellent soil for crops plating. The relationship between

macronutrients and plants demand has been tested in cabbages

by Avalhães et al.14, the result of lack of macronutrient is, obvi-

ously, individual omissions of N, P, K or Ca were limiting for

cabbage growth, considerably reducing plant height, number

of leaves and shoot, root and whole plant dry mass.

Comparison of micronutrient, beneficial elements

contents among four agricultural soil types: Even though

the content of micronutrients in plants are lower than 0.1 % of

dry weight, they play an indispensable part in biochemical

processes, as enzymes, hormones, vitamins, nucleic acid

composition, to maintain the metabolic processes of plants

and humans. Zinc, Fe, Mn and Cu are essential nutrients and

these deficiencies can strictly limit the mental and physical

capacity of humans and adversely affect their health. Almost

all of the nutrients that humans consume are derived from the

soil-plant system15-18. So, the determination of micronutrients

in soil are necessary. Table-3 shows the Arithmetic mean of

micronutrients of agricultural soils with reference to soil type.

Analysis of variance was performed under 0.05, among the

four soil types. Result showed that there is no significant diffe-

rence among the four soil types. According to Table-1 and

Table-3, the content of Fe, Mn, Cu, Zn, Ni, Mo, Cl, are very

close and the range of content are very implicit. Content of Fe

and Mn of brown soil had a relatively higher than other three

types. Mo did not be detected in sandy and alluvial soil, so did

Cu in sandy soil, black soil contains the lager content of Mo.

In speaking of Cu, Zn and Ni, at low concentration, they were

beneficial for crops, when beyond the concentration, they

would hazard crops.

Table-4 indicated the contents of arithmetic mean of

beneficial elements of agricultural soils in different soil types.

According to the study physiological functions of beneficial

elements manipulated by Pilon-Smits et al.6. Beneficial

elements refer to elements that promote growth and may be

essential to particular taxa but are not required by all plants

are called beneficial elements, the five most investigated

beneficial elements are Al, Co, Na, Se and Si. Nowadays the

definition of beneficial elements have been changing, with a

detailed study, more and more finding prove that rare earth

elements belonging to beneficial elements19,20. In the processing

of quantitative analysis, Se was not detected in the all four

soil types. Totally, black soil had the most varieties element,

sandy soil deficiency of Mo, Co and Ce, but had the largest

content of Si, brown soil lack of Co, alluvial soil lack of Mo

and Ce. All the four soil types had the largest content of Si,

which is compounding to Sommer et al.21, Silicon  is one of

the earth's most prevalent elements, comprising more than

25 % of the earth's crust.
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Comparison of pollution and other elements contents

among four agricultural soil types: Table-5 shows the

measured pollution elements in the four soil types, comparing

to the median soil background elements value of Ji Lin

province, the content of Pb in the four soil types were less

than the median, the background soil value of Pb ranged from

17 to 49. The content of Cr was also nearby the background

value. So far, the agricultural activities have not effected on

the soil quality. We must recognize that all the soil samples

were collected far away the industrial and wastewater irriga-

tion. But farmers of this region have the habit of excessive use

fertilizer, which ranges from 700 Kg/hm2 to 1000 Kg/hm2, the

result may opposite to Zhong et al.22 extensive use of fertilizers

in agricultural production will result in soil heavy metals

accumulated.

Table-6 shows the Arithmetic mean of other elements of

agricultural soils in different soil types. Elements content range

of within groups was too low, even if it contained not measured

TABLE-5 
ARITHMETIC MEAN OF POLLUTION ELEMENTS OF 
AGRICULTURAL SOILS IN DIFFERENT SOIL TYPES 

Element 
Soil type 

Cr Pb 

Black soil 0.0046 0.0021 

Sandy soil 0.0027 nd 

Brown soil 0.0056 0.0025 

Alluvial soil 0.0045 0.0019 

Back ground value 0.00455 0.0027 

 

the elements differences of t-test were not evident. For less

used in agriculture activities, these elements were mainly

derived from parent rocks and fallen biological substances.

Conclusion

• In addition to organic matter, macronutrients, micro-

nutrients and beneficial elements have made black soil a best

candidate for crops planting.

•By contrasting the background value of pollution

elements, under excessive usage of fertilizer, Cr and Pb had

little concentration in all the four soil types.

• The function of Ti, Zr, Ba, V, Sr, Rb, Ga, Nb, Bi, Pt, Au,

Sc, in soil-plant should be further studied.

• The comparison of the elements suggested that the

difference among soil types were mainly related to parent

material. These findings can be used as basic information to

maintain development of sustainable agriculture and promotion

of environmental conservation.
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TABLE-3 
ARITHMETIC MEAN OF MICRONUTRIENTS OF AGRICULTURAL SOILS WITH REFERENCE TO SOIL TYPE 

Elements (m/m%) Soil types 

Fe Mn Cu Zn Ni Mo Cl 

Black soil 2.6133 0.0621 0.0014 0.0064 0.0026 0.0039 0.0220 

Sandy soil 1.4600 0.0313 nd 0.0031 0.0017 nd 0.0086 

Brown soil 3.3233 0.0827 0.0016 0.0073 0.0036 0.0020 0.0376 

Alluvial soil 2.0700 0.0488 0.0019 0.0075 0.0026 nd 0.0153 

Statistical significance ns * 

Note: * and ns indicate ”statistically significant (p < 0.05)”, ”not significant”, respectively 

 
TABLE-4 

ARITHMETIC MEAN OF BENEFICIAL ELEMENTS OF AGRICULTURAL SOILS IN DIFFERENT SOIL TYPES 

Elements (m/m %) 
Soil type 

Si Na La Y Mo Co Ce 

Black soil 30.5967 1.3200 0.0049 0.0022 0.0039 0.0012 0.0036 
Sandy soil 33.2400 1.2633 0.0079 0.0011 nd nd nd 
Brown soil 26.6200 1.2600 0.0072 0.0025 0.0020 0.0018 nd 
Alluvial soil 29.8567 1.8167 0.0078 0.0021 nd 0.0009 nd 
Statistical significance ns 

Note: ns indicates no significant among contents of elements 

 

TABLE-6 
ARITHMETIC MEAN OF OTHER ELEMENTS OF AGRICULTURAL SOILS IN DIFFERENT SOIL TYPES 

Element 
Soil type 

Ti Zr Ba V Sr Rb Ga Nb Bi Pt Au Sc 

Black soil 0.4083 0.0367 0.0239 0.0073 0.0192 0.0100 0.0014 0.0010 nd nd nd 0.0012 

Sandy soil 0.2687 0.0193 0.0195 0.0051 0.0133 0.0090 nd nd nd 0.0023 0.0024 nd 

Brown soil 0.4513 0.0294 0.0244 0.0096 0.0140 0.0104 nd 0.0012 0.0012 nd nd nd 

Alluvial soil 0.3757 0.0326 0.0233 0.0063 0.0197 0.0102 0.0016 0.0011 nd 0.0016 nd nd 

Statistical significance ns 

Note: ns indicates “no significant” among contents of elements 
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