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Meet the New Advisor of Nutrient Management and Soil Quality

My name is Anthony Fulford, and I am a newly appointed Nutrient Management and Soil Quali-
ty Advisor. My office is located in Stanislaus County, but [ will also be serving San Joaquin and
Merced Counties. Currently, I am developing the direction of my research and extension pro-
gram and welcome your feedback on knowledge gaps and research priorities for nutrient man-
agement and soil quality. I hope to hear from many of you in the coming months, but until then I
wanted to tell you who I am, where I have been, and how I found myself in California.

I grew up in Illinois with a desire to understand the interconnectedness of natural ecosystems.
Ultimately, my passion led me west to Colorado where I studied forestry at Colorado State Uni-
versity. My experience in Colorado convinced me to enroll in graduate school where I studied
soil remediation and reclamation of urban soils in Illinois and soil fertility of rice cropping sys-
tems in Arkansas. It was during graduate school that I realized I wanted to understand how ef-
fective nutrient management could sustain and improve ecosystem services. I continued my
postgraduate research, where I focused on soil health testing and nutrient management practices
for corn, soybeans, and wheat in Ohio.
I . My general interest in soil health and nutrient management continues to
w expand, but my previous research has focused on the development of rap-
New Soi] A id and cost-effective pitrogen soil test methods.. One of the questions we
Visor wanted to address during my graduate research in Arkansas was: “Can we

Understanding identify a soil nitrogen test capable of accurately predicting the yield-

Soil Health_ maximizing .fertili.zer nitrogen rate for rice at the beginqing of the gtowing

) Anthor, g 2 | season?” This project led us to discover that by quantifying soil nitrogen
ony F ulford, php from a 0 to 12-inch sampling depth, we could improve our prediction of

UCCE Nutrient mineralizable nitrogen and ultimately the accuracy of our recommended
Management and Soj] fertilizer nitrogen rate. The question we wanted to ask during my postgradu-
Quality Advisor ate work in Ohio was: “Does extractable soil protein nitrogen represent a

significant fraction of organic nitrogen?”” The main result of this project was
that we were able to provide evidence that the method used to extract soil
protein does not quantify nitrogen derived from a specific organic nitrogen
source (for example fungal nitrogen) but instead extracts nitrogen derived
from diverse organic matter sources. This result has led us to consider soil
protein as a suitable indicator of soil organic nitrogen across a wide range
of soil types and cropping systems in Ohio.

I am excited by the opportunity to work in California to advance soil
health and nutrient management. There is a good deal of interest in estab-
lishing practices at the farm level that will improve soil health while simul-
taneously maintaining productivity and profitability. I would like to build
on this interest and bring practical information about soil health testing and
nutrient management to Stanislaus, San Joaquin, and Merced Counties. |
hope you will join me in addressing some of the emerging questions sur-
rounding nutrient management and soil health in California.

- Anthony can be contacted at (209) 525-6825 or amfulford@ucanr.edu

amfulford@ucanr. edu

(209) 525-6825
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Profile

o Soil health conceptually integrates chemical,
physical, and biological soil properties

o Soil health testing services differ among la-
boratories

o Identifying suitable soil health indicators is
crucial to managing soil health

What is soil health? How do you measure soil
health? What management practices affect soil
health? These questions, along with many others, are
routinely asked by those new to the idea of soil
health and the answers are not always clear. Every
field and production system is unique, and therefore
what defines a “healthy soil” changes with the land-
scape. However, despite these unique features, there
are common indicators that can be evaluated to de-
termine soil health. Understanding soil health begins
with knowing what these indicators are and how
they respond to management practices.

What is soil health?

One common definition of soil health is, “the ability
of a soil to function.” At first, this definition appears
to be very simple and easy to understand, but when
you consider what it means for a soil to function you
notice the complexity underlying this seemingly
simple definition of soil health. The ability of the
soil to function cannot be determined simply by iso-
lating one aspect of soil. The soil’s nutrient availa-
bility, for example, contains factors other than the
soil’s chemical properties that indirectly impact nu-
trient availability. To properly address soil function,
it is necessary to begin thinking about the chemical,
physical, and biological processes that occur in soil.
These three processes are connected and when
considered together represent soil health.

Diagram 1 Chemical, physical,

I and biological con-
< . straints can affect
). |soil health, and the
goal of soil health
management is to
implement practices
that target those
limitations.

How do you meas-
ure soil health?
Soil health assess-
ment can be done in
the field or in the
laboratory. Qualita-

Chemical Physical N

Biological

tive soil health as-
sessments are generally conducted in the field using

observational indicators, while quantitative assess-
ments are typically conducted in soil testing labora-
tories using analytical indicators. The focus for part
one of this series will be on quantitative soil health
indicators.

Currently, there is no standard set of soil health
measurements offered by all soil testing laboratories.
The methods used to quantify soil health indicators,
the number of soil health indicators evaluated, and
the analysis cost per sample differ among soil testing
laboratories. The Comprehensive Assessment of Soil
Health, Haney Soil Health Test, and Solvita Soil
Health Suite are three commonly used and nationally
available soil health testing services. An example of
the soil health measurements provided by The Com-
prehensive Assessment of Soil Health (CASH) are
shown in Table 1. The 10 soil health indicators of
CASH were selected from among a much larger set
of potential soil health indicators based on their abil-
ity to respond to different management practices and
represent important soil processes. Additional con-
siderations included sampling logistics, cost of soil
sampling and analysis, and how easy the results were
to interpret.

Quantifying soil health can be done by integrating
the results of different chemical, physical, and bio-
logical soil tests into a single number, the soil health
index. To generate the soil health index provided by
CASH, each of the soil health indicators are first
evaluated based on their value relative to all other
values derived from soil of similar texture. The rela-
tive values then receive a rating from 0 to 100 and
are assigned to one of five categories: very low (0 to
20), low (20 to 40), medium (40 to 60), high (60 to
80), or very high (80 to 100). For a given soil textur-
al class, the soil health index is then determined by
calculating the average score of the CASH indica-
tors. Representing soil health as a single number al-
lows for a quick and easy comparison of soil health
indices among different management and production
systems.

What management practices affect soil health?

The goal of soil health management is to establish
conditions necessary for proper soil function. This
goal can be achieved by implementing management
practices that overcome chemical, physical or bio-
logical limitations and improve the soil’s resilience
to environmental stress. Organic matter regulates
multiple functions in soils including nutrient storage
and cycling, water holding capacity, structural stabil-
ity, and resource provisioning to the soil food web.
Organic matter connects different soil functions,
much like the hub of a bicycle tire connects indi-
vidual spokes, thus integrating the chemical,
physical, and biological properties of soils. (See
Diagram 2)

Consequently, soil health management practices
generally focus on ways to increase the quantity, or




improve the quali-
ty, of soil organic
matter.  Manage-
ment practices that
build, maintain, or
improve the quality
of soil organic mat-
ter are shown in
Table 2. The addi-
tion of stabilized

organic matter,
such as mulch and
Diagram 2 compost, builds

soil organic matter by
increasing the fraction of soil organic matter that is
resistant to rapid microbial decomposition. Building
soil organic matter can alleviate physical constraints
on soil health by improving structural stability and
decreasing bulk density. Diversifying crop rotations
and leaving the soil surface covered with crop residues
after harvest can maintain soil organic matter by im-
proving soil aggregation and limiting soil erosion. Ad-
ditionally, optimizing soil fertility can avoid under- or
over-fertilization and ensure a consistent amount of
above- and belowground biomass will be returned to
the soil at the end of the growing season, thus sustain-
ing organic matter inputs. Incorporating crop residues
with a low carbon-to-nitrogen ratio or using plants as
green manure can improve soil organic matter quality
by providing nitrogen-rich organic matter to decom-
posers, thus improving microbial nutrient cycling of
organic matter. Similarly, cover crops capture residual
soil nutrients not used by the preceding crop and re-
turn these nutrients to the soil organic matter during
decomposition.

Summary

The concept of soil health provides a useful way of
describing the integrated chemical, physical and bio-
logical constraints on soil function. An important point
to keep in mind when evaluating soil health is that,
currently, soil health testing services are not standard-
ized among different soil testing laboratories. There-
fore, knowing which indicators are evaluated by a la-
boratory and how they are interpreted are critical to
understanding soil health. Ultimately, soil manage-
ment practices that influence the quantity or quality of
soil organic matter will have the greatest impact on
soil health by augmenting the soil’s chemical, physi-
cal, and biological functions.

To simplify information, trade names of products have been
used. No endorsement of named products is intended nor is
criticism implied of similar products which are not men-
tioned.

Table 1. Chemical, physical, and biological soil health
measurements provided by the Comprehensive Assess-
ment of Soil Health (CASH).
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Soil Health Indicators’

Chemical Physical Biological
Wet aggregate . v
pH St Soil respiration
stability
Extractable nu- Available water .
. . Organic matter
trients capacity
Penetration .
. Protein-nitrogen
resistance
Soil texture Active carbon

tThe indicators listed in the table are from the Standard Soil
Health Analysis Package of CASH (http:/
soilhealth.cals.cornell.edu/testing-services/). The exact method and
number of soil health indicators evaluated differ among laborato-
ries. It is important to know what soil health indicators a laborato-
ry measures when consideringsoil health testing services.

Table 2. Soil health management practices that can
build soil organic matter (SOM), maintain SOM, or
improve the quality of SOM.

Soil Health Management Practices’
Build SOM* Maintain SOM Improve SOM
. . Incorporate
Apply mulch Dlvers1fy c1op nitrogen-rich crop
rotation .
residues
Apply Leave soil Incorporate green
composts surface covered manures
Adopt Optimize soil Establish cover
no-tillage fertility Crops

TThis table is not intended to be a comprehensive list of soil health
management practices but rather to serve as an example of man-
agement practices that influence soil organic matter;

1$SOM, Soil Organic Matter.

Soil Health Resources

Soil health testing services:
Comprehensive  Assessment
(http://soilhealth.cals.cornell.edu/)
Haney Soil Health Test (https://www.wardlab.com/)
Solvita Soil Health Suite (https://woodsend.com/)

Soil Health News:

University of California Agriculture and Natural Re-
sources — Solution Center for Nutrient Management
(http://ucanr.edu/sites/

Nutrient Management Solutions/stateofscience/
Soil Health 894/)

Natural Resource Conservation Service — Soil Health
Division
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/
soils/health/)

of Soil Health
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Anthony Fulford,

Nutrient Management and Soil
Quality Advisor

UCCE Stanislaus County

The University of California, Division of Agriculture and Natural Resources (UC ANR) prohibits discrimination against or harassment of any person in any of its programs or activities on the basis of race, color, national
origin, religion, sex, gender, gender expression, gender identity, pregnancy (which includes pregnancy, childbirth, and medical conditions related to pregnancy or childbirth), physical or mental disability, medical condition
(cancer-related or genetic characteristics), genetic information (including family medical history), ancestry, marital status, age, sexual orientation, citizenship, status as a protected veteran or service in the uniformed ser-
vices (as defined by the Uniformed Services Employment and Reemployment Rights Act of 1994 [USERRA]), as well as state military and naval service. UC ANR policy prohibits retaliation against any employee or
person in any of its programs or activities for bringing a complaint of discrimination or harassment. UC ANR policy also prohibits retaliation against a person who assists someone with a complaint of discrimination or
harassment, or participates in any manner in an investigation or resolution of a complaint of discrimination or harassment. Retaliation includes threats, intimidation, reprisals, and/or adverse actions related to any of its
programs or activities. UC ANR is an Equal Opportunity/Affirmative Action Employer. All qualified applicants will receive consideration for employment and/or participation in any of its programs or activities without
regard to race, color, religion, sex, national origin, disability, age or protected veteran status. University policy is intended to be consistent with the provisions of applicable State and Federal laws. Inquiries regarding the
University’s equal employment opportunity policies may be directed to: John I. Sims, Affirmative Action Compliance Officer and Title IX Officer, University of California, Agriculture and Natural Resources, 2801 Second
Street, Davis, CA 95618, (530) 750- 1397. Email: jsims@ucanr.edu. Website: http://ucanr.edu/sites/anrstaff/Diversity/Affirmative Action/.
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