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Long-term agricultural experiments
inform the development of climate-smart

agricultural practices

Studying cropping systems over decades illuminates slow-changing but important effects on soil
carbon, soil biota, water holding capacity and more.

by Kristina Wolf, Israel Herrera, Thomas P. Tomich and Kate Scow

gricultural productivity in the United States
Abstract Ahas increased dramatically over the last few de-

cades, but in the face of climate change current
California’s Mediterranean agro-ecosystems are a major source of U.S. management practices might not sustain current levels

fruits and vegetables, and vulnerable to future extremes of precipitation of production (Gregory et al. 2005; Lobell et al. 2008).
and temperature brought on by climate change, including increased Some practices that achieve high crop yields and profit
drought and flooding, and more intense and longer heat waves. — for example, minimal use of crop rotations, high

To develop resilience to these threats, strategies are necessary for rates of fertilizer and pesticide inputs, minimal carbon
climate-smart management of soil and water. Long-term, large-scale, inputs and soil disturbance — also result in degrada-
replicated ecological experiments provide unique testbeds for studying tion of ecosystem processes on which agricultural
such questions. At the UC Davis Russell Ranch Sustainable Agriculture systems rely. Such degradation can reduce resilience,
Facility (RRSAF), the 100-year Century Experiment, initiated in 1992, is making these systems more vulnerable to high tem-
investigating the effects of multiple farming practices in a farm-scale peratures and uncertainty in water supply, resulting in
replicated study of 10 row crop cropping systems. It includes different lower productivity in times of extreme weather condi-
fertility management systems: organic, conventional and hybrid tions, such as prolonged drought (Tilman et al. 2002).
(conventional plus winter cover crop) systems; different crops: wheat, Climate-smart agriculture means increasing resil-
tomatoes, corn, alfalfa, cover crops and grasslands; and different irrigation iency to extreme and unpredictable weather patterns
systems: rainfed, flood irrigated and drip irrigated. We briefly describe induced by climate change by following three princi-
and report on a selection of long-term experiments conducted at RRSAF ples: (1) developing agricultural cropping systems that
investigating soil management and irrigation practices, which are an are productively resilient in the face of climate change;
important focus for developing climate-smart strategies in Mediterranean (2) reducing greenhouse gas emissions attributable to
systems. For example, long-term monitoring of soil carbon content agriculture to further reduce contributions to global
revealed that most crop systems have experienced a small increase in warming; and (3) proactively and adaptively managing
soil carbon since 1993, and increases in organically managed plots were farms in a way to buffer farm productivity and profit-
substantially higher. As RRSAF continues to build upon this rich dataset ability against the negative effects of climate change.
from one of a very few long-term row crop experiments in Mediterranean To make informed, evidence-based management
ecosystems, it provides a testbed for identifying climate-smart solutions decisions under new climate change regimes, data is
for these agronomically important ecosystems.
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Long-term experiments here are illuminating how soil

management and irrigation practices can influence the

resilience of agricultural systems to climate change.
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needed from long-term agricultural experiments, few
of which exist. As weather and climate patterns change,
repeated measurements over decades can reveal what
may be slow but incremental changes in crop yield

and quality, as well as soil quality and biodiversity
(Rasmussen et al. 1998).

Century Experiment at RRSAF

A long-term agricultural experiment, known as the
Century Experiment, is underway at the Russell
Ranch Sustainable Agriculture Facility (RRSAF), a
unit of the Agricultural Sustainability Institute at

UC Davis. RRSAF is a 285-acre research facility and
working farm where, under realistic commercial-
scale conditions, controlled long-term experiments
are testing a variety of crop systems and management
practices related to fertility and nutrient management,
irrigation and water use, energy use, greenhouse gases
and soil health.

The Century Experiment was designed as a 100-
year replicated experiment. It was initiated in 1992,
when environmental and soil conditions were moni-
tored as a baseline prior to installation in 1993 of
10 cropping systems across 72 one-acre plots; since
then, one additional cropping system and restored
native grassland reference plots have been introduced
(table 1, fig. 1).

Soil and plant samples are collected regularly and
analyzed, and subsampled for archive and future analy-
sis. Crop yield and quality are measured annually at
harvest. Energy use, inputs and outputs are monitored
for all equipment and groundwater pumping through-
out the year.

The interior of each 1-acre plot in the Century
Experiment is maintained consistently for collection
of the long-term dataset. Microplots and strips within
each plot are available for additional experimental
investigations, which have included the impacts of dif-
ferent fertilizers or crop varieties, pest management
practices, tillage practices and soil amendments.

RRSAF research is also conducted in additional
plots that are not part of the Century Experiment to
focus on questions that explore practices that may
ultimately be adopted within the main experiment.
This research includes targeted investigations of soil
amendments, irrigation frequency and type, and new
crop varieties, and it permits side-by-side comparisons
of management history on the effectiveness of differ-
ent practices. UC and UC Agriculture and Natural
Resources researchers and the RRSAF team collaborate
regularly with local growers, as well as with researchers
from other institutions throughout the United States
and around the world, so that the research addresses
local issues and also has broader relevance for agricul-
ture in Mediterranean climates worldwide.

TABLE 1. Cropping rotations in 100-year study at Russell Ranch Sustainable Agriculture Facility

System Crop rotation Replications
Organic tomato-corn Tomato-corn Six
Transitional tomato-corn# Tomato-corn Three
Legume tomato-corn Tomato-corn Six
Conventional tomato-corn ~ Tomato-corn Six
Conventional wheat- Wheat-tomato Six
tomato
Alfalfa-tomato-corn Alfalfa-alfalfa- Six
alfalfa-tomato-
corn-tomato
Wheat-fallow Wheat-fallow Six
Wheat-fallow Wheat-fallow Six
Wheat-fallow Wheat-fallow Six
Wheat-fallow Wheat-fallow Six
Wheat-legume Wheat-legume Six
Native grass (reference Perennial native Three

system) grasses planted

in 2012

*The WCCis a bell bean, lana vetch and oat seed mix.

Winter cover

crop (WCC)?* Irrigationt Fertilizer source
Yes Irrigated Compost and WCC
Yes Irrigated Compost and WCC
Yes Irrigated Mineral fertilizer and
wcc

No Irrigated Fertilizer
No Supplemental§ Fertilizer

when wheat;

irrigated fully when

tomato
No Irrigated Mineral fertilizer
No Supplemental§ Fertilizer
No Rainfed Fertilizer
No Supplemental§ None
No Rainfed None
Yes Rainfed WCC
No Rainfed None

Pesticide
management

Organic methods
Organic methods

Conventional methods

Conventional methods

Conventional methods

Conventional methods

Conventional methods
Conventional methods
Conventional methods
Conventional methods
Conventional methods

None

1 Irrigation prior to 2014 was applied by flood (wheat) or furrow (tomato, corn). In 2015, subsurface drip irrigation (SSDI) was installed in tomato-corn plots. Alfalfa is irrigated by check-flood, and irrigated wheat by

furrow-flood if needed.

$The transitional system was located in three unassigned plots prior to 1999 when it was converted to a tomato-corn rotation. It was managed as a tomato-corn system similar to farmers converting from conventional

to organic, was managed with fully organic methods by 2000, and certified organic by 2001. It has been managed like the organic tomato-corn system since.
§ Wheat receives supplemental irrigation in plots that are not rainfed only when needed in excessively dry years, and at most two times in the winter, but in general receives no additional irrigation.
1 All crop systems are 2-year rotations, except for alfalfa-tomato-corn, which is a 6-year rotation of 3 years alfalfa, followed by tomato-corn-tomato.
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PLOTS: 210'x 210

FIELD: 2177"E-W x 1972’ N-S

Soil chemistry, biology changes

Maintaining healthy soils is a key to climate-smart ag-
riculture. Properties such as porosity, water retention,
drainage capacity, carbon sequestration, organic matter
content and biodiversity all help to confer resilience

to new pest and disease pressures and to extremes in
temperature and water availability (Borron 2006; Dick
1992; Pretty 2008). The California Department of Food
and Agriculture’s Healthy Soils Initiative, launched

in 2016, reflects the state’s commitment to improve

the quality of managed soils (CDFA 2016). Encourag-
ing best practices for maintaining healthy soils will
increase biodiversity as well as beneficial physical and
chemical properties of soil. Improving these proper-
ties will, in turn, confer resilience of agro-ecosystems
to uncertainties in climate, including unpredictable
rainfall patterns, new extremes in temperature and

unexpected shifts in the distribution of pests and dis-
eases (Borron 2006; Pretty 2008).

Intensive soil sampling is a key part of the Century
Experiment. Plots are sampled at least once every 10
years to as deep as 3 meters (9.8 feet) in eight depth
intervals, and a number of chemical and physical prop-
erties are measured. After 20 years, cropping systems,
with few exceptions (e.g., unfertilized wheat-fallow),
either maintained or increased total soil carbon content
to a depth of 2 meters (6.5 feet). Soil carbon increased
significantly more in the organic tomato-corn system
than it did in any other crops and management sys-
tems. Soil infiltration rates and aggregate stability were
also greater in the organic than conventional tomato-
corn system. This research also identified specific soil
fractions where early changes in carbon sequestration
can be detected, to help predict which practices pro-
mote increases or decreases in soil carbon.
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Fig. 1. Experimental design of the Century Experiment at the Russell Ranch Sustainable Agriculture Facility, showing the 1-acre treatments in year 25

of the planned 100-year experiment.“Even and odd years” in the legend (upper right) refers to the sequence of crop harvest and does not apply to

the 6-year alfalfa-corn-tomato rotation, which began in 2012. All crop systems are 2-year rotations, except for alfalfa-tomato-corn, which is a 6-year
rotation: 3 years of alfalfa followed by tomato-corn-tomato. Cover crops are grown either as part of a two-year rotation with wheat (in the “wheat-
legume” rotations) or as a winter crop in the tomato-corn rotation. Numbers within plots are identification numbers. See table 1 for further information.
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Changes in soil biology were evident as well: micro-
bial biomass was 40% higher in soils in organic than
in conventional tomato-corn rotations, and microbial
community composition under organic and conven-
tional management was distinctly different. More in-
depth analyses of the soil biota, including sequencing
of soil microbial communities and measuring abun-
dance of mycorrhizal fungi, are underway.

Amendment, cover crop effects

Use of agricultural and food wastes, and cover crops,
can reduce dependency on synthetic fertilizers that
rely on fossil fuels and generate greenhouse gases in
their synthesis. Also, use of soil organic amendments
helps organic and conventional growers to “close the
loop” by reducing energy and environmental costs of
waste disposal, and recycling valuable nutrients back
into the soil. At RRSAF, composted poultry manure
and winter cover crops provide sufficient nitrogen and
other nutrients to the organic tomato-corn rotation.
Organic tomato yields for 20 years under furrow irriga-
tion were not significantly different from conventional
tomato yields.

Soil amendments and winter cover crops have led
to increased soil carbon sequestration, higher infiltra-
tion rates and greater aggregate stability in the organic
system compared to the conventional systems; however,
these benefits may be of limited interest to growers if
yields are substantially reduced. A challenge is how to
combine use of organic inputs with subsurface drip ir-
rigation (SSDI) for organic systems. Organic relies on
solid sources of fertility, for example, cover crops and
compost, that cannot be delivered in the drip line, and
that rely on microbial activity to convert them into
plant-available forms. In SSDI systems, only a limited
area of the bed is wetted and microbial activity may be
reduced. Researchers at RRSAF are investigating the
feasibility of using different combinations and forms
of solid and liquid organic amendments in organic
tomato-corn rotations. This is particularly timely as
interest in organic farming and products increases
(Jerkins and Ory 2016).
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In 2012, a long-term experiment was initiated with
the soil amendment biochar, a form of charcoal made
from pyrolysis of organic waste materials. Application
of biochar to tomato-corn rotations at 10 tons per
hectare resulted in corn yields increasing in year 2 by
approximately 8%, but no other yield effects were ob-
served over 4 years (Griffin et al. 2017). Biochar had no
impact, however, on soil water retention. These results
underscore the importance of being able to draw con-
clusions based on long-term research, and the experi-
ment continues to be monitored.

Water management

Water quantity and quality are critical concerns for cli-
mate-smart agriculture in chronically drought-afflicted
California (Dettinger et al. 2015; Mann and Gleick
2015). SSDI may increase crop yields, reduce weed pres-
sure and improve water management in conventionally
managed systems (Ayars et al. 2015), but the trade-offs
associated with other impacts of SSDI, such as changes
to soil moisture patterns, reduced microbial activity,
altered accumulation of salts and reduced groundwa-
ter recharge, have received little attention. At RRSAF,
researchers are comparing effects of furrow versus drip
irrigation on crop yields, root growth, microbial com-
munities and soil structure. Many changes, such as

soil aggregate structure, are not evident immediately
and require long-term experiments to understand

and resolve.

Planting tomatoes in soil
with cover crop residue
still present. The use

of cover crops and soil
amendments in Century
Experiment plots has led
to increased soil carbon
sequestration, higher
infiltration rates and
greater aggregate stability
in the organic systems
compared to conventional
systems. Such soil
properties can help crop
systems withstand the
temperature extremes and
pest and disease pressures
that may occur as the
climate changes.

Samples of biofertilizer in its various stages, from raw waste to fertilizer. Using cover crops
and composted agricultural and food wastes lessens dependency on synthetic fertilizers,
reduces waste disposal costs and recycles valuable nutrients back into the soil.
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Researchers at RRSAF are
evaluating new varieties of
climate-smart crops, such
as perennial wheat, for
their yield and resilience in
California’s Mediterranean
climate. Here, students
hand harvest wheat for
data collection.
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