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 A three-step approach was applied: 
1. Establishing two contrasting rapid broad-spectrum soil tests, 
2. Relating these new test results to results of conventional tests for a wide variety of soils, and
3. Validating the new soil test results through field trials and communicating the results. 

Introduction
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 Conventional soil tests are laborious and expensive
 New broad-spectrum soil tests offer the potential to assess many 

soil characteristics quickly
 But often face challenges with calibration and validation.

An over 20-year research program aimed at overcoming 
the aforementioned challenges. 

NIRS and multi-nutrient 0.01 M CaCl2 extraction as broad-spectrum techniques were used, 
extensively calibrated and validated for physical, chemical and biological characteristics of 

soil and for ‘plant available’ nutrients, respectively.
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Decrease greenhouse gas
emissions for climate change
mitigation. Thus, sequestration 
of C in soils will be promoted as 
strategy to SDG 13.
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Also, the dynamics of 
SOM have significant 
functions for food 
production and quality 
(SDGs 2 and 3), water 
quality (SDG 6), 
biodiversity and soil 
health (SDG 15).

Soil Carbon, Soil Health and Soil Life…
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Materials and Methods
A three-step approach: 

Step 1: establishment and selection
 Near Infrared Spectroscopy (NIRS) for measuring key soil physical, chemical (soil quantity), 

and biological characteristics, 
 While multi-nutrient extractions with 0.01 M CaCl2 for assessing plant available nutrients.

Step 2: first-step agronomic calibration
  Results of NIRS and multi-nutrient extractions were related to the results of a wide range of 

conventional soil tests carried out using advanced statistical methods. 

Step 3: improved agronomic calibration and validation
 Validated field experiments were performed to test whether the new soil tests resulted in 

more accurate predictions of soil fertility and improved fertilization and soil management 
recommendations. Simultaneously, the new soil test results were implemented stepwise in 
practice along with farmers’ field schools.
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Fig 1. Conceptual framework of NIRS for 
Soil Carbon Check, Soil Health Indicator and Soil Life MonitorPage 4
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Analytical procedures
 Soil samples taken from various countries in Europe, China, New 

Zealand and Vietnam.

 Simply by NIRS and CaCl2 determinations and calculations with the 

MINIP (Mineralization Nitrogen, Phosphorus and Carbon) model.

 Calibration and validation of NIRS determinations based on the 

database built-up over 10 years those are results of standard soil 

analysis methods.

 MINIP model allows making estimations of SOC changes over time as 

function of soil type, characteristics, climate and SOM management.
 Mathimatical analysis using standard deviation (SD), relative 

percentage difference (RPD), correlation coefficients (R2) and root 

mean squared error of prediction (RMSEP; average difference 

between predicted and measured values).
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Results
Table 1. Descriptive statistics of the 0.01 M CaCl2 extractions (1:10 soil to solution ratio; w/v)

Soil property
(CaCl2 0.01M) Year Reporting 

limit
First 

quartile Median Third 
quartile Average St. Dev. n Unit Analyses/References

DON 2007 3.0 19 26 40 31.9 18.6 7175 mg kg-1 DA; NEN-ISO 15923-1 
NH4-N 2004 0.5 4.4 6.7 9.9 7.7 4.7 7175 mg kg-1 DA; NEN-ISO 15923-1
NO3-N 2004 1.2 3.4 6.3 14 11.2 12.2 7175 mg kg-1 DA; NEN-ISO 15923-1

S 2017 2.0 3.7 5.5 10.1 18.4 78 16,085 mg kg-1 ICP-AES; NEN 6966
P 2004 0.2 1.1 2.0 3.8 3.0 3.2 326,957 mg kg-1 DA; NEN-ISO 15923-1 
K 2004 8.0 58 83 121 100 67 310,417 mg kg-1 ICP-AES; NEN 6966

Mg 2004 4.5 76 127 216 170 132 310,048 mg kg-1 ICP-AES; NEN 6966
Na 2004 5.0 9.0 15 27 25 46 239,181 mg kg-1 ICP-AES; NEN 6966
Si 2012 3.0 4.1 6.3 12 13 16 45,750 mg kg-1 ICP-MS; NEN 17294-2
Fe 2012 2.0 2.1 3.0 3.1 3.4 2.4 45,724 mg kg-1 ICP-AES; NEN 6966
Zn 2004 0.1 0.4 1.3 2.2 1.5 1.5 66,541 mg kg-1 ICP-MS; NEN 17294-2
Mn 2004 0.25 1.5 4.1 8.1 6.2 7.4 80,001 mg kg-1 ICP-AES; NEN 6966
Cu 2004 20 21 30 43 37 34 73,128 µg kg-1 ICP-MS; NEN 17294-2
Co 2004 2.5 4.6 10 21 17 24 58,556 µg kg-1 ICP-MS; NEN 17294-2
B 2004 75 103 145 219 203 197 72,897 µg kg-1 ICP-AES; NEN 6966

Mo 2012 3.0 3.8 4.0 4.2 4.9 5.2 45,725 µg kg-1 ICP-MS; NEN 17294-2
Se 2008 2.0 2.1 2.8 3.9 3.5 2.5 58,528 µg kg-1 ICP-MS; NEN 17294-2
pH 2004 - 5.0 5.3 6.2 5.6 0.90 354,187 - Potentiometric; ISO 10390
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Type Country n P5 Mean SD P95 R2 RPD RMSEP
Calibration / 21,976 0.7 1.99 1.7 4.88 0.99 12.9 0.49

Validation

China 138 0.5 1.1 1.0 2.7 0.96 4.7 0.23
New Zealand 153 2.0 5.9 5.4 13.0 0.99 14.3 0.31

Belarus 87 1.2 7.5 6.7 18.9 1.00 13.7 0.49
Finland 109 0.9 3.3 2.9 9.9 1.00 15.5 0.19

Germany 100 0.8 1.5 1.6 2.1 0.93 3.5 0.16
France 48 0.6 1.4 0.6 2.5 0.96 − 0.13

Lithuania 100 0.7 2.3 2.8 5.2 0.99 6.4 0.44
Norway 50 1.8 2.9 1.1 5.1 0.97 − 0.23
Sweden 49 0.9 5.4 4.9 16.0 0.99 − 0.40

UK 54 1.6 3.0 1.6 6.7 0.97 − 0.24
Vietnam 77 0.4 1.3 0.6 2.3 0.96 4.8 0.13

The Netherlands 1840 0.8 2.5 1.9 6.2 0.98 6.4 0.30
Note: the 5th (P5), and 95th (P95) percentiles, mean, standard deviation (SD), determination coefficient (R2), relative percentage difference (RPD; 
for n ≥ 75), and root mean squared error of prediction (RMSEP). SOC, soil organic carbon; NIRS, near-infrared spectroscopy.

Table 2. Results of calibration and validation of the determination of SOC contents (%) by NIRS
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Type Country n P5 Mean SD P95 R2 Bias RMSEP

Calibration / 15,864 0.03 0.25 0.44 0.97 0.97 0.001 0.145

Validation

China 120 0.00 0.17 0.21 0.68 0.95 0.03 0.050
New Zealand 153 0.02 0.09 0.05 0.19 0.46 0.00 0.043

Belarus 77 0.01 0.09 0.17 0.15 0.95 0.06 0.062
Finland 243 0.02 0.16 0.38 0.28 0.98 0.01 0.057

Germany 96 0.04 0.19 0.26 0.72 0.98 0.02 0.061
France 48 0.00 0.33 0.83 1.04 0.99 0.00 0.071

Lithuania 100 0.02 0.21 0.27 0.86 0.96 - 0.05 0.060
Norway 55 0.03 0.14 0.04 0.15 0.98 0.00 0.033
Sweden 41 0.01 0.09 0.10 0.17 0.72 0.04 0.059

UK 54 0.07 0.62 1.38 4.70 1.00 0.06 0.139
Vietnam 134 0.00 0.08 0.13 0.13 0.91 0.01 0.040

The Netherlands 1863 0.03 0.22 0.31 0.94 0.96 - 0.01 0.061
Note: the 5th (P5), and 95th (P95) percentiles, mean, standard deviation (SD), determination coefficient (R2), bias, and root mean squared error of
prediction (RMSEP). SIC, soil inorganic carbon; NIRS, near-infrared spectroscopy.

Table 3. Results of calibration and validation of the determination of SIC contents (%) by NIRS
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Type Country n P5 Mean SD P95 R2 Bias RMSEP
Calibration / 24,825 1.60 5.45 7.34 18.0 1.00 0.00 0.6

Validation

China 137 0.59 4.09 2.80 9.95 0.98 0.00 0.4
New Zealand 153 5.54 14.1 10.28 26.7 1.00 - 0.04 0.4

Belarus 87 2.67 15.2 13.6 40.6 0.98 0.02 1.0
Finland 243 2.56 8.02 8.12 18.7 0.97 0.60 1.2

Germany 100 2.75 4.70 1.25 6.77 0.97 0.02 0.2
France 48 1.78 4.18 1.71 7.44 0.97 - 0.15 0.3

Lithuania 100 2.17 5.40 5.52 11.4 0.99 0.05 0.6
Norway 59 3.96 5.65 2.11 9.78 0.98 - 0.09 0.3
Sweden 49 2.25 10.3 8.57 27.1 0.99 0.02 0.7

UK 54 4.51 7.69 3.45 14.7 0.98 0.50 0.4
Vietnam 167 2.10 5.71 1.85 8.24 0.99 - 0.01 0.2

The Netherlands 2259 2.06 5.86 4.63 14.3 0.99 0.00 0.5
Note: the 5th (P5), and 95th (P95) percentiles, mean, standard deviation (SD), determination coefficient (R2), bias, and root mean squared error of
prediction (RMSEP). SIC, soil inorganic carbon; NIRS, near-infrared spectroscopy.

Table 4. Results of calibration and validation of the determination of SOM contents (%) by NIRS
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Type Country n P5 Mean SD P95 R2 Bias RMSEP
Calibratio

n / 49,121 1.0 11.1 11.2 38.0 0.98 0.07 1.8

Validation

China 47 15.9 30.6 11.0 49.4 0.98 - 0.04 1.8
New Zealand 147 2.3 17.1 11.1 38.5 0.99 - 0.23 1.5

Belarus 87 1.0 3.4 1.9 6.9 0.77 0.04 1.1
Finland 243 1.4 15.9 12.9 42.1 0.97 - 0.87 2.6

Germany 96 7.8 17.0 5.9 28.2 0.94 - 0.01 1.5
France 48 2.4 19.2 12.6 41.8 0.99 - 0.90 2.0

Lithuania 100 2.1 8.7 3.9 14.8 0.93 0.01 1.1
Norway 59 2.1 10.5 8.0 27.1 0.96 0.14 1.6
Sweden 50 1.2 17.7 14.8 42.8 0.99 - 0.02 1.9

UK 54 10.2 21.4 9.9 34.7 0.81 0.83 4.7
Vietnam 168 8.1 36.1 15.6 57.6 0.99 0.00 2.0

The Netherlands 1852 1.0 10.3 10.9 31.9 0.99 0.05 1.3
Note: the 5th (P5), and 95th (P95) percentiles, mean, standard deviation (SD), determination coefficient (R2), bias, and root mean squared error of
prediction (RMSEP). NIRS, near-infrared spectroscopy.

Table 5. Results of calibration and validation of the determination of clay contents (%) by NIRS



`
ISOP 2025

Page 11

Table 6. NIRS calibration statistics based on results of conventional methods
Soil 

characteristic
Calibration

n Year R2 RPD RMSE Bias Sres Reference
N-total 55,947 2004 0.99 8.6 0.53 0.002 0,53 ISO 13878; NEN 6966
S-total 37,783 2004 0.97 5.5 0.21 -0.000 0,21 NEN 15587-2 ; NEN 6966
K-CEC 16,144 2006 0.79 2.0 2.19 -0.040 2,19 ISO 23470; NEN 6966
Ca-CEC 15,742 2006 0.97 5.5 17.53 0.483 17,52 ISO 23470; NEN 6966
Mg-CEC 15,732 2006 0.88 2.7 6.32 -0.015 6,32 ISO 23470; NEN 6966

pH-CaCl2 89,075 2013 0.97 5.3 0.18 -0.004 0,18 Potentiometric; ISO 10390
SOC 21,976 2004 0.99 12.9 4.93 0.066 4,93 ISO 10694 
SOM 24,825 2004 1.00 17.5 6.46 0.007 6,46 NEN 5754
SIC 15,864 2004 0.97 5.6 1.45 0.001 1,45 NEN-EN 15936 

Clay 49,121 2004 0.98 7.0 17.99 0.664 17,97 NEN 5753
Sand 8,419 2015 0.96 4.7 58.39 1.390 58,37 NEN 5753
ECEC 16,122 2005 0.97 5.8 20.44 0.125 20,44 ISO 23470, 2018; NEN 6969

Number of samples (n), year of introduction into routine soil testing, determination coefficient (R2), RPD, root mean squared error (RMSE), average 
difference between NIRS and reference (bias), standard deviation of residuals (Sres), and references of the reference methods for the calibration data set.
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Table 7. NIRS calibration statistics based on results of conventional methods

Soil 
characteristic

Reference vs NIRS Reference vs Reference

n β R2 RPD RMSE Bias SE F p 
(0.05) R2 RMSE

N-total 1502 0.94 0.97 5.4 0.26 -0.05 0.01 0.98 0.32 0.98 0.21
S-total 1497 0.93 0.90 3.0 0.11 -0.01 0.00 0.79 0.38 0.95 0.08
K-CEC 1934 1.05 0.69 1.4 1.68 0.09 0.04 1.17 0.28 0.99 0.28
Ca-CEC 1930 0.94 0.97 5.7 14.21 -0.89 0.32 0.11 0.74 0.99 5.62
Mg-CEC 1922 1.01 0.91 3.1 4.61 -0.05 0.11 0.01 0.92 0.99 0.96

pH 1843 0.94 0.95 4.4 0.21 -0.04 0.00 1.72 0.19 0.99 0.07
SOC 1840 0.98 0.98 6.4 2.98 -0.12 0.07 0.04 0.85 0.98 3.11
SOM 2259 0.99 0.99 10.6 4.62 -0.02 0.10 0.00 0.99 0.99 4.14
SIC 1863 0.98 0.96 5.1 0.61 -0.11 0.01 1.22 0.27 0.99 0.33

Clay 1852 0.98 0.99 8.5 13.24 0.45 0.31 0.02 0.90 0.99 8.20
Sand 1796 0.95 0.97 5.3 46.73 4.91 1.10 0.34 0.56 0.99 15.71
ECEC 1981 0.95 0.97 6.0 15.26 0.35 0.34 0.01 0.90 0.99 7.79

Number of samples (n), slope (β), determination coefficient (R2), RPD, root mean squared error (RMSE) of the average difference between NIRS and reference 
(bias), standard error of bias (SE bias), F- and p-values (ANOVA) of the reference versus NIRS, and R2 and RMSE of the reference versus the reference (duplicate) for 
the validation data set.
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determinations using NIRS for samples taken in China versus reference methods

Validation of soil inorganic carbon (SIC) content and clay content 
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Fig 3. Validation of active carbon (POXC) (a) and soil bulk density (b) determinations by NIRS versus 
reference methods
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Fig 4. Validation of SOM, SOC, ECEC and Clay determinations by NIRS versus reference methodsPage 15
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Fig 5. Relationships between SOC content and active carbon (a), clay content and active carbon (b)

Relationships between SIC and SOC contents/clay contents
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Initial values P5 Mean SD P95

SOC (%) 0.83 3.19 3.17 9.12

SOM (%) 1.70 5.96 5.92 16.9
N-total (mg N kg-1) 750 2,552 2,377 7,395
C:N 9.0 12.5 3.7 19
pH 4.8 6.1 0.95 7.4
Amount of C (kg ha-1) 24,900 95,556 95,106 273,600
C breakdown (%) 2.20 2.84 0.36 3.40
SOC after 25 years (%) 0.13 1,07 1.25 3.56
Note: The MINIP model inputs included soil organic carbon (SOC), soil organic matter (SOM), N-total, and pH. The expected SOC 
content after 25 years (without carbon input) is also presented .

Table 8. Calculated mean SOC breakdown (% per year) with the MINIP model, using results of 
30,451 soil tests of samples taken in the Netherlands

Running the MINIP model
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Soil Carbon Check
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Soil Health Indicator
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Soil Life Monitor
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 These two broad-spectrum soil tests have 
improved soil testing routine, contributed to 
increased insights into soil fertility; thereby led 
to more sustainable soil management and to 
achieve Sustainable Development Goals. 

 Also, contributed to sustainable agriculture and 
environment. 

Page 21

Conclusions

 Soil carbon check, soil health indicator and soil 
life monitor can be done quickly and cost 
effectively.

 Have been verified by VERRA.
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Thank You
Keep in 
Touch

SUSTAINABILITY
Sercuring Sustainable Development Goals

 & Caring for the Next Generation

Email: VN_CS@eurofinsasia.com
Chon.NguyenQuang@eurofinsasia.com

Hotline: (+84) 28 7107 7879
 

(+84) 834-075-555
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