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Quantitative Measurement and Analysis of Potassium in Soil
Using Laser-Induced Breakdown Spectroscopy
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Abstract It has great significance to achieve the fast, in-situ measurement of potassium content in soil to the
fertilization in farmland and agricultural production management. The spectroscopy emission characteristics of
potassium in soil are studied based on laser-induced breakdown spectroscoy techinque with a 1064 nm wavelength
Nd-++YAG laser as the excitation source, the echelle spectroscopy with high resolution and wide spectral range as the
spectral separation device and the intensified charge coupled device (ICCD) as the spectral detection device. With the
spectral line of 769. 90 nm as the analytical line, the best detection delay time is 1 ps, gate time is 5. 2 ps, and the
limit of detection is 0. 006858 %. The calibration curve of soil samples is obtained. While the relative error between
the predicted value and true value is within 5%. 12 different types of soil with different matrix effects are measured.
The result shows that, for the actual quantitative measurement of soil samples with different matrix types, they need
to be calibrated respectively. The research result provides a reference for the fast, in-situ quantitative measurement
of potassium in soil.
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Fig. 1 Schematic diagram of experimental setup
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Table 1

Mass fraction of potassium in each numbered

soil sample

Mass fraction of Mass frcation Mass fraction of

o K /% of Si /% Na /%
0 0.1660 15. 266 0. 0594
1 0.3661 15. 205 0.0591
2 0.5602 15. 144 0. 0589
3 0. 7540 15. 098 0. 0587
4 0.9465 15. 037 0. 0585
5 1. 1367 14.976 0. 0583
6 1.5114 14,774 0. 0579
7 1. 8788 14. 760 0. 0575
8 2.2390 14.652 0.0571
9 0.6570 15.175 0. 0588
10 2.0600 14.705 0.0573
0 . 0~8
s 9 10
3.1
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Fig. 2 Plasma emission spectrum of potassium within
the range of 755~790 nm
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Fig. 3 Decay characteristic for K 769. 90 nm spectral line
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potassium and concentration
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Fig. 6 Relationship between LIBS intensity of potassium

and concentration when concentration is low

. K

[15—16] .

K

3751,

o

M = 40.4626,S, = 9.25 X 10",

Cu

0.006858%.

0.5%~3% .

2,18

Table 2 Comparison of two kinds of fitting results

@y

(@Y

No Mass fraction Int'ensity Linear fitting Relative Curve fitting Relative
. of K /% with IS result error result error
0 0.1661 0.2471 0. 2421 —2.03% 0. 258 4.40%
1 0. 3661 0. 3457 0. 3583 3.65% 0. 3502 1.31%
2 0.5602 0.4038 0. 3957 —1.97% 0. 3788 —6.17%
3 0. 7540 0. 4822 0.4743 —1.63% 0. 4606 —4.48%
4 0. 9465 0.5823 0.5967 2.47% 0.5965 2.44%
5 1.1367 0. 6387 0. 6325 —0.98% 0. 6543 2.45%
6 1.5114 0.7223 0.7965 10.27% 0.7344 1.67%
7 1. 8788 0.7759 0.9451 21.81% 0.7773 0.18%
8 2. 2390 0. 81 1.0909 34.68% 0.7979 —1.50%
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Table 3 Comparison of actual values and predicted values obtained by LIBS

No. Mass fraction Intensity Linear fitting Relative Curve fitting Relative
of K /% with IS result error result error
9 0.6570 0.4561 6701 1.99% 6278 —4.44%
10 2.0600 0.7963 15109 —26.66% 20312 —1.40%
3 s
. 5%, 3.2 g, 10 MPa
, , 30 mm , LIBS
, s
. 4, )
3.3 7,
12 ( s
4
Table 4 Potassium mass fraction and spectral intensity of different types of standard soil
Sample Mass fraction of K /%  Spectral intensity Sample Mass fraction of K /% Spectral intensity
GBW7402 2.11 3046. 4 GBW7410 2.15 2308. 43
GBW7404 0. 85 1973. 14 GBW7418 2.12 2937. 31
GBW7405 1. 25 3118. 81 GBW7420 1.79 3890. 48
GBW7406 1.41 2053. 29 GBW7422 1. 81 2995. 22
GBW7407 0.17 682. 27 GBW7424 2.2 3262.22
GBW7409 2.8 1500. 79 GBW7425 2.24 2986. 65
7 , 4000 .
o s GBW7409 3500
2.8%, g 3000 LR
: GBW7420 GBW7422 8 2500 .
£ 2000 x o
’ ’ g 1500f .
' = 1000
’ : ’ so0p "
s 0 05 10 15 20 25 3.0
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' LIBS ) ' Fig. 7 Spectral intensity of potassium corresponding to
its mass fraction in different types of soil
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