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Introduction

v' Conventional soil tests are laborious and expensive

Physical Biological

v" New broad-spectrum soil tests offer the potential to assess many
soil characteristics quickly

v But often face challenges with calibration and validation.

Contaminants

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

v' A three-step approach was applied: Chemical

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.

NIRS and multi-nutrient 0.01 M CaCl, 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

Ll strategy to SDG 13.
hdl

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).
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A three-step approach:

Step 1: establishment and selection

» Near Infrared Spectroscopy (NIRS) for measuring Kkey soil physical, chemical (soil quantity),
and biological characteristics,

» While multi-nutrient extractions with 0.01 M CaCl, 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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1. Soil sampling

Farmers’/Agri-food sector
request for soil sampling and -

analysis: Fields; ;

2. Pre-treatment

Calibration
Farmers’ information:
v’ Current & future land use -

3. Analysis by NIRS

Validation

v’ Soil cultivation & management

4. Analytical results:

Soil nutrients, pH, ECEC, SOC,
SOM, SIC, active C, C:N ratio, C:S
ratio, soil texture, soil bulk
density...

6. Report to farmers:

v' Analytical results
v'Nutrients, SOC storage
v/ Changes in SOC storage
v Soil Health Indicator...

Database building &
statistical analyses

5. Calculation of SOC changes
via MINIP-model

Fig 1. Conceptual framework of NIRS for
Soil Carbon Check, Soil Health Indicator and Soil Life Monitor
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Analytical procedures

v Soil samples taken from various countries in Europe, China, New
Zealand and Vietnam.

v Simply by NIRS and CaCl, determinations and calculations with the
MINIP (Mineralization Nitrogen, Phosphorus and Carbon) model.

v’ Calibration and validation of NIRS determinations based on the
database built-up over 10 years those are results of standard soil
analysis methods.

v" MINIP model allows making estimations of SOC changes over time as

function of soil type, characteristics, climate and SOM management.

v' Mathimatical analysis using standard deviation (SD), relative
percentage difference (RPD), correlation coefficients (R?) and root

mean squared error of prediction (RMSEP; average difference

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

AR A A S N e ey
limit quartil Med uartile Average| St. Dev Unit Analyses/References

CaCl, 0.01M

DON 2007 319 186 7175  mg kg DA; NEN-ISO 15923-1
NH,-N 2004 0.5 4.4 6.7 9.9 7.7 4.7 7175  mg kg DA; NEN-ISO 15923-1
NO,-N 2004 1.2 3.4 6.3 14 11.2 12.2 7175  mg kg DA; NEN-ISO 15923-1

S 2017 2.0 3.7 5.5 10.1 18.4 78 16,085 mgkg'  ICP-AES; NEN 6966
P 2004 0.2 1.1 2.0 3.8 3.0 32 326957 mgkg' DA; NEN-ISO 15923-1

K 2004 8.0 58 83 121 100 67 310417 mgkg'  ICP-AES; NEN 6966

Mg 2004 4.5 76 127 216 170 132 310,048 mgkg'  ICP-AES; NEN 6966

Na 2004 5.0 9.0 15 27 25 46 239,181 mgkg'  ICP-AES: NEN 6966
Si 2012 3.0 4.1 6.3 12 13 16 45,750 mgkg'  ICP-MS: NEN 17294-2

Fe 2012 2.0 2.1 3.0 3.1 3.4 2.4 45724 mgkg'  ICP-AES: NEN 6966
Zn 2004 0.1 0.4 1.3 2.2 15 15 66,541 mgkg' ICP-MS; NEN 17294-2

Mn 2004 0.25 15 4.1 8.1 6.2 7.4 80,001 mgkg'  ICP-AES; NEN 6966
Cu 2004 20 21 30 43 37 34 73,128 ugkg'  ICP-MS; NEN 17294-2
Co 2004 2.5 46 10 21 17 24 58,556 pgkg' — ICP-MS; NEN 17294-2

B 2004 75 103 145 219 203 197 72,897 ugkg'  ICP-AES: NEN 6966
Mo 2012 3.0 3.8 4.0 42 4.9 5.2 45725 ugkg'  ICP-MS: NEN 17294-2
Se 2008 2.0 2.1 2.8 3.9 3.5 2.5 58528 ugkg'  ICP-MS; NEN 17294-2

I pH 2004 - 5.0 5.3 6.2 5.6 0.90 354,187 - Potentiometric; 1SO 10390
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Table 2. Results of calibration and validation of the determination of SOC contents (%) by NIRS

nmmmm-mm

Calibration 21,976 1.99 4.88 0.99 12.9 0.49
Chlna 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

Validation 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 5™ (P5), and 95" (P95) percentiles, mean, standard deviation (SD), determination coefficient (R?), relative percentage difference (RPD;
forn 275), and root mean squared error of prediction (RMSEP). SOC, soil organic carbon; NIRS, near-infrared spectroscopy.
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Table 3. Results of calibration and validation of the determination of SIC contents (%) by NIRS

__Type | Country | n | P5 | Mean| SD_| P95 | R | Bias | RMSEP

Organozgé:ﬁice F,‘.: eurofins ‘
Sac Ky Hai Dang

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

Validation 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 5™ (P5), and 95" (P95) percentiles, mean, standard deviation (SD), determination coefficient (R?), bias, and root mean squared error of
prediction (RMSEP). SIC, soil inorganic carbon; NIRS, near-infrared spectroscopy.
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Table 4. Results of calibration and validation of the determination of SOM contents (%) by NIRS

nmmmm-mm

Calibration 24,825 1.60 5.45 7.34 18.0 1.00 0.00
Chlna 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
Validation 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 5" (P5), and 95" (P95) percentiles, mean, standard deviation (SD), determination coefficient (R?), bias, and root mean squared error of
prediction (RMSEP). SIC, soil inorganic carbon; NIRS, near-infrared spectroscopy.
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Table 5. Results of calibration and validation of the determination of clay contents (%) by NIRS

__Type | Country | n | P5_| Mean| SD | P95 | R | Bias | RMSEP_

Organo;j%;ﬁice ’.T.Q eurofins ‘
' Sac Ky Hai Dang

Ca”l;’” atio / 49,121 1.0 11.1 11.2 380 098  0.07 1.8
China 47 159 306 110 494 098  -0.04 18

New Zealand 147 2.3 1714 111 385 099  -023 15

Belarus 87 1.0 3.4 1.9 6.9 0.77  0.04 1.1

Finland 243 1.4 159 129 421 097  -087 26

Germany 96 7.8 17.0 5.9 282 094  -001 15

Validation France 48 2.4 192 126 418 099  -090 2.0
Lithuania 100 2.1 8.7 3.9 148 093  0.01 1.1

Norway 59 2.1 10.5 8.0 271 096  0.14 1.6

Sweden 50 1.2 177 148 428 099  -0.02 1.9

UK 54 102 214 9.9 347 081 083 4.7

Vietnam 168 8.1 361 156 576 099  0.00 2.0

The Netherlands 1852 1.0 103 109 319 099 0.5 1.3

Note: the 5" (P5), and 95t (P95) percentiles, mean, standard deviation (SD), determination coefficient (R?), bias, and root mean squared error of
prediction (RMSEP). NIRS, near-infrared spectroscopy.

Page 10
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Table 6. NIRS calibration statistics based on results of conventional methods

Calibration
characteristig n Year R? RPD RMSE Bias Sres Reference

N-total 55947 2004  0.99 8.6 053  0.002 053 1SO 13878; NEN 6966
S-total 37,783 2004  0.97 5.5 021 -0.000 021  NEN15587-2; NEN 6966
K-CEC 16,144 2006  0.79 2.0 219 -0.040 2,19 IS0 23470; NEN 6966
Ca-CEC 15,742 2006  0.97 55 1753 0.483 17,52 1SO 23470; NEN 6966
Mg-CEC 15732 2006  0.88 2.7 632 -0.015 6,32 1SO 23470; NEN 6966
pH-CaCl, 89,075 2013  0.97 5.3 018 -0.004 0,18  Potentiometric; SO 10390
SOC 21,976 2004 099 129 493 0066 493 1SO 10694
SOM 24,825 2004 100 175 646 0007  g46 NEN 5754
SIC 15,864 2004 097 5.6 145 0001 145 NEN-EN 15936
Clay 49121 2004 098 70 1799  0.664 1797 NEN 5753
Sand 8419 2015  0.96 47 5839 1390 5837 NEN 5753
ECEC 16,122 2005  0.97 58 2044 0.125 20,44 IS0 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.

Page 11
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Table 7. NIRS calibration statistics based on results of conventional methods

_ Reference vs NIRS Reference vs Reference

RPD RMSE Bias

Soil
characteristic

N-total
S-total
K-CEC
Ca-CEC
Mg-CEC
pH
SOC
SOM
SIC
Clay
Sand
ECEC

n

1502
1497
1934
1930
1922
1843
1840
2259
1863
1852
1796
1981

B

0.94
0.93
1.05
0.94
1.01
0.94
0.98
0.99
0.98
0.98
0.95
0.95

RZ

0.97
0.90
0.69
0.97
0.91
0.95
0.98
0.99
0.96
0.99
0.97
0.97

5.4
3.0
1.4
5.7
3.1
4.4
6.4
10.6
5.1
8.5
5.3
6.0

0.26 -0.05
0.11 -0.01
1.68 0.09
14.21 -0.89
461 -0.05
0.21 -0.04
298 -0.12
4.62 -0.02
0.61 -0.11
13.24 0.45
46.73 491
15.26 0.35

S

0.01
0.00
0.04
0.32
0.11
0.00
0.07
0.10
0.01
0.31
1.10
0.34

Fi‘ eurofins

Sac Ky Hai Dang

B

0.98
0.79
1.17
0.11
0.01
1.72
0.04
0.00
1.22
0.02
0.34
0.01

p

(0.05)

0.32
0.38
0.28
0.74
0.92
0.19
0.85
0.99
0.27
0.90
0.56
0.90

RZ

0.98
0.95
0.99
0.99
0.99
0.99
0.98
0.99
0.99
0.99
0.99
0.99

RMSE

0.21
0.08
0.28
5.62
0.96
0.07
3.11
4.14
0.33
8.20
15.71
7.79

Number of samples (n), slope (B), determination coefficient (R?), 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.

Page 12
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Validation of soil inorganic carbon (SIC) content and clay content
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Fig 2. Validation of soil inorganic carbon (SIC) content (a) and clay (< 2 pum) content (b)
determinations using NIRS for samples taken in China versus reference methods
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Relationships between SIC and Bulk density
(a) (b)
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Active carbon (POXC) by reference method (mg Kg™') Soil bulk density by reference method (g cm?3)

Fig 3. Validation of active carbon (POXC) (a) and soil bulk density (b) determinations by NIRS versus

reference methods
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Page 15 Fig 4. Validation of SOM, SOC, ECEC and Clay determinations by NIRS versus reference methods
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Relationships between SIC and SOC contents/clay contents
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Fig 5. Relationships between SOC content and active carbon (a), clay content and active carbon (b)
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Running the MINIP model

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

Initialvalues | __P5 | _Meam | _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'l) 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'l) 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 .

Page 17
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Soil Carbon Check

Carbon Check is part of Eurofins Soil Health Solutions. The healthier |
the soil, the better the contribution to Sustainable Development Goals.
You can understand more about:

1. How much carbon is captured in your soil

2. How stable is your soil carbon.

3. How can you improve soil carbon by 4 per 1000,

4. How is your soil carbon content developing overtime.

Name | Soil

Soil Carbon 4
Sustainalbe Development
GOALS

Client code: LTO000038 Date sampling: /3/2022 Sail layer: Contact Eurofins:
Date Report: 3/13/2022 Sample-/order number: 0-30am Se= OR code
528-2022-05090001 Density: Gea reference of sampled field:
215 kgt See QR code
1. How much carbon is captured in my soil?
: i kg per hectare ton per hectare
Soil organic carbon (S0C) 180 % 58320 583
iz equals
Carbon dioxide (COz) 214034 2140
2. How stable is my soil carbon?
Soil organic matter (SOM) 0% 235 10
ox 1o0%
N I
Dyearsic Average stable
Soil arganic carbon (SOC) 160 % I el ey —=aE
A 2
Total Carbon (TC) 170 %
f— Tatal Carbon ﬁ
Active carbon 353 mg perkg Othar zeil arganic carben Activa 55
e =T
— ‘Soil organic carbon —_—
/N ratio 101
c/sratio 8211
Clay %
Clay/SOC ratia &1

=~ eurofins
Sac Ky Hai Dan

eurofins

Towards 4%oe soil carbon increase

If the amount of carbon stored by soils increases by 4 per 1000 (so
0.4% or 4%o) per year, the annual increase of carbon dioxide (CO3) in
the atmosphere would be significantly reduced. This will slow down
the greenhouse effect and prevent further climate change. as agreed
in (among others) the Paris climate agreement (COP 21).

3. How ¢

an | improve soil carbon by 4 per 10

Soil Orianic Carbon Balance = +4%o

ses70 [
0% 1.55 1.60 1.61%
Curren zoil carbeen sstus: 58320 kg C pernectare =24 1o CO;per nectare
Outpur expeciad Ereakdown (mineraization) 1750 kg C per hectare =64 1o CO;pernectare
iApUE ] incut nesdied to maintain 2ol argaric carbon status 1750 kg C per hectare ton €O, per hectare
T - itional input needed o improve by 4 per 233 kg C per hectare =09  ton COzper hectare
s
Total required carbon input 1983 kg C perhectare —73  tonCO,perhectare

Sean QR-code or follow hyperlink [emil] to optimise your personal carbon managsment

4. How is my soil carbon content developing overtime?

Soil organic carbon, %

21
20
19
18
17
18 [

L I
14
13
12
11

10
2018 2016 2020 2021 2002 2003 2024 2026 2028 2027 2028 2028 2000

In the last 4 years there is a significant increase in soil organic carbon %.
The increase has been 3.7 ton CO; per hectare per year, so 4 carbon credits per
hectare.
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b ot od e . .
- S— : f i
Soi Heafth Indcator 5 part FEUOANS 5ol Solargank mater, SO 25 e S Curorins Soil Health .
Health Solutions The heafhier the soil the  Carsan in o angaric matter & 60 sl e, TC o » f .
o i v s et | oot et . 18 e Indicator % eurorins Soil Health
Dvslopment Gos' Suphur inseileoganie mames, % 08 . . 2
N mto ] ; H
o . € i bactmtal bomess - Sl Hesith hdiezmor is part of Eurafine Sail Indicator
ClagSOC ratio © infungal bz o Heath Sautions The heaithier the soil, the
S0C/hy a0 A C OO 2 berter the contrioution to Sustainabis Soil Heath Incicator is part o Eurofins Sod
sy pa
F Developmam Goals. Health Solutions The healthier the soil, the
Soil layer: - Ry betier the contribution 1o Surminable
Soil Biodiversity Regenerate sails i i i
Reporting date: 20/03/2024 Sample mumber- 0-Zon C ersity 1.wa| eg Crop based guidelines Optimise crop yield and qualit Devalonment Goss.
EEETIEL Fies bioh Main nutrients  Broccoli Iceberg lettuce Leek
Late autumn
e Microbial biomass, mg PLFAG B yiekd ol 11 @ - s o
erchial Soil Organic Carbon Balan
Prudent use of water and nut G posie Wecrotial ctivly mg NAg N kg/ha 140 8 0 g - 0 4%
Acts 5 kg/ha a 2 8
Soil composition % G L P kg/ha 0 0 0 o - rm
a H ol fing) cam(oGram) & & o & w o Jon
= 5 Saprophynes B kgha 2 5 a = y
cardd o ooz Sﬂ o = a 3 Currere o carbon stus: SG467 kgCpeheaare =272  ton CO;perhectae
Carbonane im 02 Peotoms Micro N Output: expected breakdown (mineralisation) 1525 kg C per hectare ‘ton €O, per hectare
ol i e (S0 25 nutrients
o i i o F2 kgiha Rather low Rather low Rather low IRBUENIN] Heeded to maintzin soil organic carbon stz 1525 kg Cperhedare ton C0; per hectare
pH = Essential nutrients U High food & feed quai 2 kg/ha 1 0 1 | Aditional input nesdd to improve by 4 per 1000 226 kg Cosrhecars o CO; per heatars
c s Mn kgiha Low Low Low - —
G, as . . R 5 ; ; Total reqired carboninpit 51 kg Cperhecare o CO; per hectare
P 70 Main nutrients mgkg kgha .
. e e o . Ni kg/ha Rather low Rather low Rather low Scan GR-code or follow hyperiink (email) to optimize your personal carbon management
Soi stucure o 2T e e : :
N Mo kg/ha Very low Very low Very low . i
ik 2 saing 15 P ——— w22 C o e Risk of P-leaching
ok wed v 5 S owe [ O W ) Benefiial nutrients Py igte 500
Ak scll suctural dogradiatian © ol & sock: s [ - e | Posuraton, % ™
Soupehingcapachy = Si_kgiha Goad Good Good
Soil density QT pgantaiatio n2 i Co kgiha Good Good Good
Pp— i Toial P siock % F Se.g/ha 6 6 6 .
A Ca e naiable e C e . Na kg/ha 0 o 0 egislation
i o s [ i il e B i
Salt indices b p:r:wm - N Bio available heavy metals B £ [E= [ ]
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Soil Life Monitor

eurofins Soil Life

Monitor

Sail Life Manitor is part of Eurcfing
Sail Hesith Solutions. The hesithier
the £oil, the ber the comribusion 1o

et Davdopmant Cone Sail biodhverty reprasens te varsy
) [op——
4 dierie i of 5ol e rastes hesthy
sol, withincrassed resiiencs
Name | Soil
Test Account
Tz Lined
Egy Explanation
The bicogical parameters are based on the phaspholpid faty acics (PLFAS) that are prasent PLFAS cecur in the cellwalls of iving crganism Difierent
&incticnal groups have 2 urique compastion of FLEAS. By messuring the composiion of the PLEAS & ingerping ofthe microbial commurity can bs given.
. P —— P - Tha target valss = corrected based on the orgsnic mater perrantage
Date report: 04/05/2023 ordar number: 0-30am Microbial biomass
578 20732050005 Contact Sample taker: The sum of al PLFAs s an indication of the amount of microbes. Bacause PLFAS are rapidly degradd afer 2n arganism diss, it mainly represems she liing

ricrobial biomesz. The microtil biomass is an indicator of the general disease suppression. The there arz the
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Result Unit mg PLFA per kg

there & with pathagens for space and food. The microbial blomiss can be increasad by adding effecive Organic matter such 25 compost. oid manure.
green manures r cultvating grains ind. straw). Other reduuced sail tlage covering the 5o, temporary grassland or

less ploughing up of permanen: grassland.
Certain groups of bacteria break down (simple) organic material, fix nurients, bind atmospheric nitragen, convert ammarium into ritrate rirogen,
T T I EEEs T stable aggregates, increase disease resistance and form breakdown products that can weaken or kil pathogens. Bacteria are stmulated by easily degradable
- cteria . matariats with 2 low C/N ratic such as sumy.
&o " positive e T IIINmm T Acanomyerees
@  Actinomycetes v U | Acinomycstes are 2 group of Gram positive bacieria that form threzds that resemble Singal hyphae 2nd 2re able 1o brask down complax materials
b Gram negative [ Actinomycetss are imponant for disease resistance. because some species can exete antibiotics or parasitze pathopens. They can also compsts with
pathogenic fungi for space and food. Actinomycstes prefer iry condiions and develop poorly in compacted sail or add concisons pH <3)
Total Fungi 13 — I Fungi
= R+ | Fungi cause degradasion of comples forms of organic manaria, form stable aggregates, excrate organic acids which improve the availabilty of some
Saprophytes nutrients and increase disease resistance through competition or predation. Fungi are stimulzted by recalditrant materials with 2 high C/N ratio such as straw
Mycormniza 08 — e and compost
Arbuscular Mycorrhiza
The PLFA analysis gies insight in the biomass of the aciive mycalium [network of hyphas) of arbuscular mycorrhiza. These fungi e in symbiosis with plant
Protozoa 016 e B | Foots and thereby ncresse the root surface. In exchange for sugars, the plant recsives water and nutrints such 25 phosphonus and potassium, Crops that
are not able t form 2 symbiosis with arb. mycorhiza are crucifers (2. cabbage and yellow mustard) and the goassfoct family fe.g. sinach and beet). A
high availatle phosphate content will reduce the development of mycorthizas.
“ Protozoa
Protozna are single-cell micro-crganisms that contin 2 cell nucleus (eukaryotes). The mostimpertant function of protuzos s to make nutrients available o
the plant by "grazing” on microorgarisms {mainly bacterial. The actuity of protazoa i highly dependent on the presence of meisture in the soil The radius
Result Unit of 2ction of protozos i imited o water fims 2nd water-fled porss
Thefu rati indicates the proportion between the fungal and bacterial biomass [expressedinmg C / kal. n general, undisturbed ecosystems
S, 4 o have a higher fungi/bacteria ratio than disturbed systems. Organic and low-input systems have a higher fungi/baceria ratio compared to enriched
Carben in microbial biomass 269 mg Cky conventicnal systerms. Disturbances such as tilage and removal of crop residues can lower the fungi/bacteria ratic.
Carben in bacterial biomass 9 mgChg” PLEA diversity
Carbon in fungal biomass 01 mgCg” The Diversity Index {Shannon - Wiener index)is an indicator of the diversiy of the scil lfe. The index Uses the rumber of spacies and their sbundance s
_ e | inpus. Higher diversityis often related to better stabify and resiience. Disturbances,lack of diverse input from food scurces and an infensive arop rosaion
Fungi/bactenia ratio . Gin decrezsa the diversy.
. 08 - R ¢ B ;
Gram(+)/Gram{-] ratio Gram(+}/Gram(-) ratic
Acidity (pH) 62 - Grami'+) bacteria are generally larger than Grami-) bacteria and can form spores This makes them mere resistant 1o drought and water sess. Grami +}
Soil organic matter (SOM) 23 % dominant populations (>} are more common at the start of the growing season and typically move 0.2 more balanced community when the scil
b condiions become more favorsbis throughaut the growing sesson. Grami- dorninant popuiations (<) are aften associated with ather fors of sress such

Clay

s plowing and pesticide use: Grami-) bacteria can bemer tolerane these fomms of dissurbance dus to the presence of an outer membrans.

Contact & info

After this repart has boen sent, the samde will e stared for anather two weeks for you ot Eurofins Agro, i the rature and testmethod of the sampk 5 permit. Within that
pariod you may complain andjor requast addtianal tes.
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Conclusions

v' 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.

v' Also, contributed to sustainable agriculture and
environment.

N R

w &«\‘ J

v Soil carbon check, soil health indicator and soil \N‘ g
life monitor can be done quickly and cost X
effectively. gl

v' Have been verified by VERRA.
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SUSTAINABILITY

Sercuring Sustainable Development Goals
& Caring for the Next Generation

Hotline: (+84) 28 7107 7879
(+84) 834-075-555

Email: VN_CS@eurofinsasia.com

Chon.NguyenQuang@eurofinsasia.com
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