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Solil Fertility Soll Fertility Test

Managing soil nutrient status in 1. Diagnosis
soils to create Optimum conditions Rapid chemical analyses to assess the plant-

_ _ available nutrient status, salinity, and elemental
for plant growth In relation to toxicity of a soil in relation to crops.
agricultural sustainability and 2. Interpretation

o Deficiency — sufficiency — excessive
o Non-toxic - toxic

environmental protection. er singn 2002

Soil fertility depends on: 3. Recommendation
« Inherent soil properties (physical and o What to add?
chemical properties, clay mineralogy) > How much to add?
_ _ ’ o When to add?
o Soll organic matter o Where to place?

o Climate (soil moisture & temperature)



Plant Response (Relative Yield)
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Soll Health

« Soll health is a metaphor with the

following elements:

- Functionality: promotes utility and
processes that maintain integrity
and stabllity of biosphere

- Vitality: soil Is a living system, a
complex assemblage of
numberless and mostly nameless Organic
biota mediating basic soill Bi.kdensity $
processes and plant interactions

- Sustainability/Resilience: a soil's
enduring capacity to promote Iits Nimineralisation
myriad functions in the face of Objective > Subjective
disturbance

Well-being

Stewardship %

Climate
mitigation

—>» Qualitative

enzymes 7
pH

Water Aggregate
retention stability

Indigenous
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storage




Hawaii Soil Health Test

Hawaii Soil Health Test Report

University of Hawai'i
College of Tropical Agriculture and Human Resources

Client: Kaiwiki Food Forest

Plots: New Market Garden Plot

Soil series: Kaiwiki; Hydrous, ferrihydritic, isothermic Acrudoxic Hydrudands

Soil health is defined as “the continued capacity of soil to function as a vital living ecosystem that sustains plants,
animals and humans” (NRCS, 2018). Healthy soils ensure that the following critical services are provided: clean air
and water, productive crop and grazing lands, thriving forests, diverse wildlife and scenic landscapes.” Assessing soil
health requires an evaluation of the physical, chemical, and biological state of the soil. CTAHR is currently develop-
ing a soil health test that will enable farmers, ranchers, and land managers monitor the effects of land use on seil
health. The first step in this process is to select a suite of indicators (measurements) that best describe the physical,
chemical, and biological state of a soil. This report presents results of a preliminary set of indicators best suited to
characterizing soil health for Hawaii’s diverse soils and landscapes. In Table 1 we present these indicators for soil
physical, chemical, and biological properties and describe the significance of each indicator in relation to soil func-

tion.

Indicator

Function and Interpretation

69%

high

Physical Properties
Bulk density (g/cm’)

Water holding capacity (%)

Water stable aggregates (%)

Porosity and rooting envirenment; lower values are better; low bulk
density soils are light, porous, and promote root growth

Plant water relations; higher is better

Water infiltration, porosity, aeration; higher is better; soils with a high
percentage of stable aggregates promote water infiltration, hold water,
have high porosity, and promote root growth

Indicator

Plot

New Market Garden Plot

Chemical Properties

pH

Total organic carbon (%)

Hot water extractable organic C (mg kg™)

Nutrient availability; 6.0—7.0 is ideal, this is the pH range where plant
essential elements are most available and toxicities are negligible

Natural resource reserve and overall soil function; higher is better; TOC
is a measure of the amount of soil organic matter in soil, soil organic
matter benefits all aspects of soil function

Energy source for microbes and readily mineralizable N; higher is better;
this pool of extractable C is involved in aggregate formation in addition
to its bioavailability

Biological Properties

€Oz burst (mg C kg™)

Mineralizable nitrogen (mg kg™)

B-glucosidase (mg kg™

B-glucosaminidase (mg kg™)

Metabolic activity of micrebes; high equals active micrebial community

Soil biological activity and available substrate for N mineralization; high-
er is better; this is a measure of the soil's natural capability to supply
plant available N

Microbially produced enzyme associated with C decomposition; higher
is better; a measure of soil’s natural ability to cycle C

Microbially produced enzyme associated with N mineralization; higher
is better, a measure of soil’s natural ability to cycle N

Substrate Availability Properties Sample 1 Median
{n=117)
Hot water extractable organic C (mg kg"‘} 1136 927.62
€O, burst (mg Ckg™) | 176.42 171.31
Mineralizable nitrogen (mg kg"‘) 94.16 44,47
Water holding capacity (%) | 180.05 145.20
Subscore for substrate availability (%) 69
Master Soil Properties
Water stable mega aggregates (%)| 7.04 18.23
pH 4,86 6.24
Total organic carbon (%) | 13.94 7.53
Subscore for master soil properties (%) 68
Biological Activity Properties
B-glucosidase (mg kg"‘) 98.31 100.17
B-glucosaminidase (mg kg"‘) 53.78 51.30
Subscore for biological activity properties (%) 59
Other
Bulk density (gem™)| 0.22 0.55
Soil Health Score
69%




 Does crop performance respond to a soil health score?
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This is a critical area of inquiry that is needed to help guide how we
best use the results of a soil health test.



Kawikl Food Forest

Soil: highly weathered volcanic ash soil
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Hawai‘i Soil Health Test
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Hawaii Soil Health Test Report

University of Hawai'i

College of Tropical Agriculture and Human Resources

Client: Kaiwiki Food Forest

Plots: New Market Garden Plot

Soil series: Kaiwiki; Hydrous, ferrihydritic, isothermic Acrudoxic Hydrudands

Soil health is defined as “the continued capacity of soil to function as a vital living ecosystem that sustains plants,
animals and humans” (NRCS, 2018). Healthy soils ensure that the following critical services are provided: clean air
and water, productive crop and grazing lands, thriving forests, diverse wildlife and scenic landscapes.” Assessing soll
health requires an evaluation of the physical, chemical, and biological state of the soil. CTAHR is currently develop-
ing a soil health test that will enable farmers, ranchers, and land managers monitor the effects of land use on soil
health. The first step in this process is to select a suite of indicators (measurements) that best describe the physical,
chemical, and biological state of a soil. This report presents results of a preliminary set of indicators best suited to

characterizing soil heaith for Hawail's diverse soils and landscapes. In Table 1 we present these indicators for soil 69%
physical, chemical, and biological properties and describe the significance of each indicator in relation to soll func-
tion. hlgh
Indicator Function and Interpretation Indicator Plot
Physical Properties New Market Garden Plot
Bulk density (g/cm’) Porosity and rooting environment; lower values are better; low bulk Substrate Availability Pros Sample 1 i = il
density solls are light, porous, and promote root growth =117 |
Water holding capacity (%) | Plant water relations; higher is better Hot water extractable organic C (mg kg) [ 1136
CO,burst (mg C kg™*) | 176.42
Water stable aggregates (%) | Water infiltration, porosity, aeration; higher is better; soils with a high .
percentage of stable aggregates promote water infiltration, hold water, Mineralizable nitrogen (mgkg™) | 94.16
have high porosity, and promote root growth Water holding capacity (%) | 180.05
Chemical Properties Subscore for substrate availability (%) 69
PH | Nutrient availability; 6.0—7.0 is ideal, this is the pH range where plant Master Soll Properties
essential elements are most available and toxicities are negligible Water stable mega aggregates (%)| 7.04 18.23
Total organic carbon (%) | Natural resource reserve and overall soil function; higher is better; TOC il ass 73
is a measure of the amount of soil organic matter in soll, soil organic P ) Rt
matter benefits all aspects of soil function Total organic carbon (%) | 13.94 753
Hot water extractable organic C (mg kg*) | Energy source for microbes and readily mineralizable N; higher is better; Subscore for master soil properties (%) 68 L
this pool of extractable C is involved in aggregate formation in addition
to its bioavailability Biological Activity Properties
B-glucosidase (mg kg'*)| 98.31
Biological Properties * o
" SO
€O, burst (mg C kg™*) | Metabolic activity of microbes; high equals active microbial community B-glucosaminidase (mg kg™) [ 53.78 5130
Mineralizable nitrogen (mg kg*) | Soil biological activity and available substrate for N mineralization; high- Subscore for biological activity properties (%) 39
er is better; this is a measure of the soil’s natural capability to supply Other
nt avallable N ==
- Bulk density (gem™®)| 0.22 055
p-glucosidase (mg kg") Microbially produced enzyme associated with C decomposition; higher
. Soil Health Score
is better; a measure of soll’s natural ability to cycle C
69%

B-glucosaminidase (mg kg™)

Microbially produced enzyme associated with N mineralization; higher
is better, a measure of soil’s natural ability to cycle N




Interpretation Recommendation

Soll Fertility Soil Fertility
e Soll has very low nutrient

status — especially P, Ca, and

e Manure applications to build
soll P and Ca

K e Sulfate of potash to raise soill
| K
Soll Health Soil Health

e Soil Is rich in organic matter
e Soil health tied to soll organic
matter

e Manure will likely improve soll
health score




Soil: highly weathered volcanic ash soil
Location: Upper orchard

Kuilike Farm

mmhos/cm ppm, ug/g
DESCRIPTION pH EC P K Ca Mg
North Top 8 #1 47 g 116 58 45
South Top 8 #1 48 10 58 34 47
South 8 - 24 50 8.0 17 37 35
South Top 8 #2 49 19 54 41 45
MNorth Top 8 #2 47 24 132 53 45
North 8 - 24 49 10 74 39 30
Center 8 #1 50 20 70 65 40
Center 8 #2 49 g 80 68 37
Center 8 - 24 49 17 39 38 20

Soil is very acid

All nutrient levels very low

Sample Information

Job Control No:
Sample Label:
Date Received:
Send Copy To
Elevation (ft.):

15-050702-001
UPPER GARDE
9/10/2014

Map Unit:
NSoil Series:
Soil Category:
Soil Depth (in):
Latitude:

LIGHT SOIL

Plant Grown:
Plant to be gro
Can you till 4~
Test Results O
Longitude: ...

Test Results and Interpretation

LIGHT SOIL

INTERPRETATION
Soil Analysis Results JExpected | Very Low | Low I Sufficient |
_pH 6 ‘ 6.15 T SR R R e B T s |
P ppm 74 67,5 TR e T S R SR T
K _ppm 54 . 300
Ca_ppm 2649 |© 3500
Mg ppm 270 700

e Soil pH and Ca sufficient

* P may be on the low side
e Kverylow
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Hawa

67% 93%
high very high
Indicator Plot
Substrate Availability Properties Veggie Cacao Median
Plot Plot (n=117)
Hot water extractable organic C (mg kg™)| 1156 4504 927.62
€O, burst (mg Ckg™)| 242.62 | 857.56 171.31
Mineralizable nitrogen (mg kg?)| 54.68 247.34 44.47
Water holding capacity (%) | 152.00 | 352.59 145.20
Subscore for substrate availability (%) 69 94
Master Soil Properties
Water stable mega aggregates (%) | 28.18 7.47 18.23
pH 6.36 6.73 6.24
Total organic carbon (%) | 16.39 24.75 7.53
Subscore for master soil properties (%) 69 88
Biological Activity Properties
B-glucosidase (mg kg™)| 60.84 218.33 100.17
B-glucosaminidase (mg kg™)| 19.92 92.08 51.30
Subscore for biological activity properties (%) 17 89
Other
Bulk density (gem™)| 0.42 0.35 0.55
Soil Health Score
67% 93%

Soll Health Test
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Take Home

Soll fertility and soil health testing are different and both useful

A soll fertility test provides a diagnosis from which a clear and
actionable recommendation can be made

A soll health test is more nuanced and the results are highly influenced
by soil organic matter status

Soll health testing is useful to monitor trends over time related to soll
management strategies

Soll health is not directly correlated with crop yields
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