WESTERN ALFALFA &
FORAGE SYMPOSIUM

NovemberReno,
16-18,Nevada
2021

Organized by
The UC California Alfalfa & Forage Systems Workgroup and Cooperative
Extension Services of Arizona, California, Colorado, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, and Wyoming in cooperation with
California Alfalfa & Forage Association

PROCEEDINGS

2021 Western Alfalfa & Forage
Symposium
Grand Sierra Resort, Reno, Nevada
November 16-18, 2021
Organized by

Cooperative Extension Services of Arizona, California,
Colorado, Idaho, Montana, Nevada, New Mexico,
Oregon, Utah, Washington, and Wyoming
The UC California Alfalfa & Forage Systems
Workgroup
California Alfalfa & Forage Association
Published by:
University of California Cooperative Extension, Agronomy Research, and Information Center,
Plant Sciences Department, University of California, Davis, CA 95616. Please visit
http://alfalfa.ucdavis.edu/+symposium/proceedings/index.aspx for this and 50 years of
California, Regional, and National Conferences.

2021 Western Alfalfa & Forage Symposium
Reno, Nevada
November 16-18, 2021

It is with great pleasure that we welcome you to the 2021 Western Alfalfa & Forage Symposium!

Happy 50th Alfalfa Symposium!!
The California and Western Alfalfa Symposia have been held continuously since 1971, and so
this year marks the 50th Year of this important gathering of western hay and forage growers.
After a full 18 months of “Years of COVID-19,” it was a true risk as to whether this year’s
gathering would happen at all. We are happy to welcome this in-person meeting to all our
colleagues and friends from near and far.
The California Alfalfa Symposium was started by Dr. Vern Marble, Extension Specialist at UC
Davis in 1971. Since then, the Symposium has been held jointly with Nevada and Arizona, and
later, 11 western states like in this year.
On behalf of the planning committee, we hope you benefit from this Symposium which features
a full-day tour with industry related locations, talks on economics and market trends, forage
systems, water, environment, pest management, and grazing and forages beyond alfalfa.
This Symposium was organized by the Cooperative Extension Services of Arizona, California,
Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming in
cooperation with the California Alfalfa & Forage Association (grower non-profit association
with over 300 members).
We would like to express a heartfelt thanks to all who have taken extraordinary measures to
assure that you will have a range of speakers to address a wide variety of topics, including the
speakers, sponsors, exhibitors, and organizers.
Be sure to visit http://alfalfa.ucdavis.edu to see videos and proceedings from this year’s
Symposium, and symposia proceedings and videos from many years past.
Welcome to the 2021 Western Alfalfa & Forage Symposium!
Program Chairs:
Dan Putnam, Alfalfa Specialist, Plant Sciences Dept., University of California, Davis, CA
Earl Creech, Utah State University
Emily Meccage, Forage Genetics International, Senior Technical Support Specialist, Forage
Genetics International
Nicole Helms, Executive Director, California Alfalfa & Forage Association, Sacramento, CA
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PROGRAM PLANNING COMMITTEE
Our heartfelt thanks to all of those who worked tirelessly to bring the 2021 Western Alfalfa &
Forage Symposium to fruition. Many thanks!
Program Co-Chairs:
Dan Putnam, University of California, Davis
Earl Creech, Utah State University
Emily Meccage, Forage Genetics International
Registration:

Nicole Helms, Jane Townsend, Nida Agno, Debbie Murdock, Lora Velardo,
California Alfalfa & Forage Association

Logistics/Proceedings/Publicity:
Nicole Helms, California Alfalfa & Forage Association
Exhibits:

Nicole Helms, California Alfalfa & Forage Association

Audio-Visual:
Craig Giannini, University of California, Davis
Tim Kerbavaz, Talon Entertainment Audio Visual
PCA and CCA Credit Coordination:
Nicole Helms, California Alfalfa & Forage Association
Program Planning Committee: University of California Alfalfa & Forage Systems Workgroup
and Cooperative Extension Services of Arizona, California, Colorado, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, and Wyoming in cooperation with California Alfalfa
& Forage Association.
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2021 JIM KUHN LEADERSHIP AWARD
California Alfalfa & Forage Association,
Representing the Alfalfa and Forage Growers of California

Rick Staas

President and CEO, San Joaquin Valley Hay Growers Association and
Alfalfa Industry Leader
It is with great pride that the California Alfalfa & Forage Association has selected Rick Staas for
the Jim Kuhn Leadership Award in 2021.
The Jim Kuhn Leadership Award is
presented to a person or organization
for their lasting contributions to the
California alfalfa industry. The award
was established in 2005 when Kuhn,
an industry icon and forage
innovator, was killed in a vehicle
accident near his ranch in El Centro,
CA. Nominees are judged on their
knowledge of alfalfa, record of
leadership, and the extent and depth
of their contributions to the
California alfalfa industry and to
rural communities.
Rick Staas fulfills the leadership role Figure 1. Rick Staas (second from right) discusses drought conditions
in spades. For 40 years of his
in California with SJV Haygrower VP Norman Beach (right) and
haygrowers Nancy Bell and son Ryan Bell of Bell Farms in Gustine, CA,
working life, he has worked for the
during the 2015 drought.
San Joaquin Valley Hay Growers
Association - first as staff, then as
president at the largest single marketing cooperative for hay products in California, if not the
USA. Staas took over leadership of the Association from Mel Coehlo, also a leader in the
industry and a 2008 CAFA Kuhn Award winner. The Association has been one of the largest hay
marketing cooperatives in the world, with over 80 years of success.
The San Joaquin Valley Hay Growers Association was founded in 1940 by a group of visionary
growers who saw the strength in marketing hay as a group. This member-financed company
provides numerous benefits to members, including payments every two weeks, prices usually
above the state average, quality testing and evaluation, and a guarantee that members will
actually be paid by buyers. The latter is important in a ‘wild and wooly’ industry where one bad
transaction can ruin one’s day, if not a year of profits. The staff, led by Staas, are highly
experienced in understanding hay markets and quality and the role of various forage crops for
different classes of animals. They are deeply familiar with the subjective and lab evaluation of
hay quality and price. The Association markets up to 400,000 tons of hay and forage crops per
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year in California and neighboring states, and even internationally. Their primary markets are the
state’s $7 billion/year dairy industry, the largest of any state in the USA. Greater than 90% of
California’s alfalfa hay is marketed commercially (vs. on-farm production), with most of it tested
in laboratories.
Since 2002, Rick Staas has managed the Association as president/CEO with a keen sense of
business, but also a sense of personal worth and family values. This management approach has
been widely appreciated by employees, members, and customers. Norman Beach, Vice President
of the Association said, “He has a really tough stance in business, but has a huge heart
personally.”
“I really enjoy working with our grower members, who are a great group of people,” Staas says.
“We’ve been through a lot of good times and bad. Having a good relationship with our
customers is equally important and it takes an understanding of both sides to succeed.” Staas
continues, “Additionally, I think one of the most important reasons for success is the quality of
our employees who have been with us in most cases, more than 20 years. Their dedication adds
tremendous value”
Although not a hay grower himself, Rick has a deep understanding of what it takes to produce a
high-quality hay product on California ranches. He has led efforts to standardize hay quality
testing in California and the USA and works closely with grower-members in the San Joaquin
Valley to improve production methods and market their hay. He was a founding member of the
California Alfalfa & Forage Association and helped to write the by-laws in 1996, which
represents hay growers statewide. Staas has supported research efforts through the California
Alfalfa & Forage Research Foundation and worked cooperatively with University of California
scientists on pest management, production issues, and quality analysis.
His sense of history informs his current success and vision for the Association in the present. In a
tribute to the founders of the cooperative, Staas wrote:
“Having been with this company for 40 years, I have been around long enough to have
experienced many ups and downs for our growers. As I looked through the historical records
from the past 81 years, I was and still am in awe of the foresight of those who founded this
company. The continued success of the San Joaquin Valley Hay Growers Association is a great
tribute to the uncanny vision these individuals had at a very uncertain time for themselves and
other alfalfa growers. Somehow they saw something that no one else did and joined forces to
create an organization that grew quickly and has remained the marketing leader in the California
alfalfa industry since its inception.”
Of course, Staas has built upon this success with his own contributions in an environment of
shrinking acreage and ever-increasing economic pressures on farmers. Rick Staas lives with his
family wife Leanne, and children Ricky, Wyatt, and Ava in Tracy, CA. In addition to continuing
his life-long career in the successful marketing of hay crops, he enjoys sports, trips with family
to the beach, and motorcycling.
----Dan Putnam, UC Davis
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California Alfalfa & Forage Association
Jim Kuhn Leadership Award Recipients
(Complete biographies of these Kuhn Award recipients can be found at:
https://www.calhay.org/jim-kuhn-award.html)

2005 – Jim Kuhn, Farmer, Seeley, CA (awarded posthumously)
2006 – Dr. Vern Marble, UC Cooperative Extension Alfalfa Specialist, UC Davis, CA
2007 – Mick Canevari, UC Cooperative Extension Farm Advisor, Stockton, CA
2008 – Mel Coelho, Director, San Joaquin Valley Hay Growers Association, Tracy, CA
2009 – Tim Hays, Pest Control Advisor, Lancaster, CA
2010 – Seth Hoyt, ‘The Hoyt Report’, Ione, CA
2011 – Steve Orloff, UC Cooperative Extension Farm Advisor, Yreka, CA
2012 – Joe Machado, Sales Leader, America’s Alfalfa, Los Banos, CA
2013 – Harry Cline, Editor, Western Farm Press, Fresno, CA
2014 – Dr. Larry Teuber, Alfalfa Breeder, UC Davis, CA (awarded posthumously)
2015 – Dr. Mark McCaslin, President, FGI International, Minneapolis, MN
2016 – Tom Ellis, Farmer, Grimes, CA
2017 – Dr. Daniel H. Putnam, UC Cooperative Extension Forage Specialist, UC Davis, CA
2018 – Duane Chamberlain, Yolo County Farmer
2019 – Philip Bowles, Merced County Farmers, Los Banos, CA
2021—Rick Staas, San Joaquin Valley Haygrowers Association, Tracy, CA
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2021 Sponsors
Many Thanks!
The organizers of the 2021 Western Alfalfa & Forage Symposium wish to express their heartfelt
thanks to the many sponsors of this year’s Symposium. Without their support, putting on an
event of this size would be very difficult. Please take time to express your thanks to these
companies!

Ag Water Chemical
Anderson Hay & Grain Co., Inc.
BASF Corporation
Bowles Farming Company, Inc.
Hay & Forage Grower Magazine
Hesston by Massey Ferguson
LG Seeds
NovaSource
Progressive Forage
Reinke Manufacturing
San Joaquin Valley Hay Growers Association
Sierra Testing Service
Syngenta
Western Ag Enterprises, Inc.
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2021 Exhibitors
Ag Water Chemical
Agri-King, Inc.
Alforex Seeds
American AgCredit
America's Alfalfa
Arcusin Corp
BaleSkiis - LDAG Machinery
BASF Corporation
Bioensure/RMT Inc.
Bridon USA LLC
CAFRF Silent Auction
CKP Insurance
Cumberland Valley Analytical Services
First Financial Bank – Farm/Ranch Division
Harvest Tec
Hay and Forage Grower Magazine
Hesston by Massey Ferguson
Highline Manufacturing
HydroSide Systems
Innovative Forage Solutions, LLC
International Stock Food
Intuit Ag Consulting, LLC
KeyAg Distributors
Komet Irrigation Corp.
Krone North America
Landoll Company LLC
Legacy Seeds

LG Seeds
Liphatech Inc.
Mil-Stak Mfg. Co
NEXGROW Alfalfa
Nikkel Iron Works /T.G. Schmeiser
Northwest Ag Equipment
NovaSource
Nutrien Ag Solutions
Progressive Forage
RCO International, Inc.
Reinke Manufacturing
Rock River Laboratory
Sage Hill Northwest, Inc.
Senninger Irrigation
Sierra Testing Service
Staheli West, Inc.
Stanislaus Farm Supply
Stinger, Inc.
S&W Seed Company
The Gombos Company, LLC
USDA NASS, Pacific Region
Valley Irrigation
Warren & Baerg Manufacturing, Inc.
Western Ag Enterprises, Inc.
W-L Alfalfas
Zimmatic/Lindsay Corporation
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CURRENT TRENDS AND CHALLENGES FOR THE WESTERN DAIRY INDUSTRY
Paul Sousa, Western United Dairies; and Tiffany LaMendola, Blimling and Associates
California continues to hold its number one ranking in
US milk production. In 2020, the state produced just shy
of 20% of the nation’s total output and surpassed the #2
ranked state (Wisconsin) by 10.6 million pounds.
California’s weather, infrastructure and favorable
geography bode well for establishing the state as a dairy
powerhouse.
However, the state is no longer in growth mode. Some of
the consolidation is consistent with national trends – that
is, fewer operations with more cows. The drive towards
efficiency is evident no matter where the dairy is located.
California’s herd size (at just over 1,400 cows) is much
larger than the national average of 300 but consistent with other Western States such as New
Mexico (2,357 cows), Texas (1,653) or Idaho (1,466).

Though its ranking as the top dairy production state is far from threatened, California has
experienced some retreat. Higher feed costs and stricter environmental regulations are, in part, to
blame.

Paul Sousa, Western United Dairies, Turlock, CA and Tiffany LaMendola, Blimling and Associates, Madision, WI.
In: Proceedings, 2021 Western Alfalfa and Forage Symposium, Reno, NV, November 16–18. UC Cooperative Extension, Plant
Sciences Department, University of California, Davis, CA 95616. (See http://alfalfa.ucdavis.edu for this and other alfalfa
conference Proceedings.)
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In fact, California’s growth rate over the past ten years (at just 0.22%) is far less than other
producing regions such as the Southwest (AZ, NM and TX) at nearly 3% or the Mideast at 2.5%.
For two decades between 1988 and 2008, the state added over 760,000 cows. Indeed, cow
numbers in California hit a peak of nearly 1.85 million head in 2008. After several years of ups
and downs following 2008, the milking herd has largely been declining since 2014. This is
inconsistent with the national trend which has seen a
growth in overall cow numbers during the same time
frame.

Stringent environmental regulations in California (covered below) have no doubt put pressure on
the industry. Some attrition can also be attributed to lack of interest by the “next generation” as
many producers have noted a decline in their children returning to the dairy, leaving retirement
as the best option. Urban encroachment has
likely sped up consolidation in some areas like
Southern California and the North Bay.
Skyrocketing land values across the state has
also pulled acreage towards higher valued crops
such as tree nuts. Due to high land values, the
returns associated with growing alternative
crops have become more and more enticing. As
a result, many dairy producers have converted a
portion of available farmland into crops
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including almonds, walnuts, or olives. This creates a conundrum of sorts: cropland converted to
trees is no longer available to grow forage for cows, working against the ability to become less
dependent on outside purchased feed. At the same time, diversification allows for an on-farm
“hedge” against potentially volatile milk markets. During periods of low milk margins, potential
revenues from the other crops can help keep the overall operation afloat. Lenders seem keen on
the approach as well.
Another major factor is margin squeeze prompted by higher feed costs in the state. California
producers are typically more susceptible to rising grain prices as there is a heavier reliance on
outside purchased feed (that is different for many operations in the Midwest who grow much of
their own feed and may even have additional to sell). Given its distance to major feed growing
regions, California producers typically pay the highest landed feed prices of all major US dairy
regions. This is a situation only further exasperated by a multitude of supply chain snarls
prompted by the pandemic. These ongoing issues have local basis figures running high, adding
even further to the costs of grains as represented in the futures markets.
On top of higher transportation costs, the base price of corn and protein have also increased
rapidly over the past year. Demand has been solid (especially from China) and hits to crops in
other growing regions (like Brazil) have current balance sheets tight. The outcome of the 2021
harvests will be key to California producer margins in the year ahead.

Estimates via margin models such as the Dairy Margin Coverage program (DMC) show at
current futures levels for corn and soybeans, feed costs in the second half of 2021 could be up an
estimated $2.00 per hundredweight from 2020 if current levels hold. This is a rough, national
estimate and can certainly run higher for Western dairies given many factors surrounding local
markets and transportation. On top of grain markets, prices for alfalfa and silage are also of
concern given the drought impacting parts of the West.
Environmental issues are a significant challenge for dairies operating in California. This has
been a factor in the decline in the number of dairies and dairy cows in California noted above. It
has contributed to higher costs of production and frustration with understanding and complying
with a myriad of laws and regulations. However, the industry has also come to understand this
and has found ways to streamline compliance to reduce the cost, risk, and frustration of doing
business in California. Here we focus on two examples where seemingly insurmountable
obstacles drove ingenuity to develop manageable solutions or even opportunities.
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California is on a mission to tighten its belt on greenhouse gas emissions. This has posed a
challenge to businesses to reduce their carbon footprint, while continuing to do business in a
high-cost state. In 2016 the state legislature decided that dairy cows needed to do their part in
the state’s fight on climate change and proposed legislation to reduce methane emissions coming
from cows. Western United Dairies (WUD), and others in the dairy industry, worked with
legislators to improve the legislation. The legislation that was implemented requires livestock
and dairy operations to reduce their manure methane emissions by 40% by 2030. WUD then
went to work to find funding to achieve that goal. Because the state is serious about meeting the
goal, it has allocated $369 million dollars to help meet the target. Dairies have used that funding
to upgrade their facilities and diversify their revenue streams with dairy digesters, turning lemons
into lemonade.
The other big challenge has been water quality. Dairy leaders have worked with other industries,
stakeholders, and the Central Valley Regional Water Quality Control Board to develop an
alternative water quality regulatory structure in the Central Valley Salinity Alternatives for Long
Term Sustainability (CV-Salts). Under this new structure that was recently adopted, facilities
with water quality permits will fund safe drinking water for those whose water quality does not
meet standards in return for more time to find solutions to the water quality issue. A livestock
organization that was originally established to help dairies comply with the groundwater
monitoring requirements of their permit, the Central Valley Dairy Representative Monitoring
Program (CVDRMP), is now also helping to streamline and keep the costs down on that process.
This has also created room for partnerships to help address the water quality issue. The
California Department of Food and Agriculture (CDFA) has recently announced the creation of
the California Manure Recycling and Innovative Products Task Force, which will look for
solutions to create value added manure-based fertilizers and soil amendments. Perhaps even for
use by those who grow forage crops attending this conference. This will help dairies export
nutrients to other farmers who are looking for a source of local nutrients and soil amendments to
improve their yields and soil health.
California dairy producers are extremely resilient. However, given the many pressures outlined
here, we expect to continue to see consolidation in the industry in the year ahead. There are
already numerous reports of sell-outs and financial stress in the countryside. For those who
weather the current storm, a continued drive towards efficiency, diversification, and
environmental stewardship will no doubt continue to be the theme. Over the longer-term: the
variety of challenges facing the state’s industry will work to curb large-scale expansion. That
said, there is little to suggest a major step backward in total milk supply. Consolidation will
continue and the areas of the state that have faced attrition will likely see more. Still, in any case,
California will be home to an abundant milk supply.
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THE IMPORTANCE OF ALFALFA IN A WATER-UNCERTAIN FUTURE
Dan Putnam, Umair Gull, Khaled Bali 1
0F

ABSTRACT
It is a favorite sport of journalists to point to crops that use lots of water (almonds, alfalfa) as
being worthy of scorn during a drought. However, this simplistic examination of water demand
vs. supply is not likely to be productive. Water use should be balanced with productivity,
economic return, and…food production. A more important consideration is the resiliency of
agricultural food-producing systems given the certain variation in water supply which is a
current and future reality. Alfalfa has a key role to play in a water-uncertain future due to its
high flexibility during times of insufficient and excess water, due to important biological
features: 1) its deep roots which allow the use of residual moisture, 2) multiple harvests can give
partial economic yields when irrigation ceases, 3) alfalfa roots survive summer dry-downs, and
regrows when re-watered, 4) it can be flooded in winter to recharge aquifers, and 5) high salinity
tolerance. Alfalfa has proved to be highly flexible and resilient in surviving droughts while
sustaining productivity, even when as little as ½ the water requirement is applied. Contrary to
superficial thinking on crop choice concerning water supply, alfalfa, with its high flexibility, is
an important component to adjust to a water uncertain future.

Second summer regrowth with only
residual moisture, Tulelake, CA
Figure 1. The resilience of alfalfa was demonstrated during the 2021 drought at Tulelake, CA, where a full
yield of two-cuts of alfalfa was observed with zero irrigations. Only six inches of rainfall occurred before
March. Roots were deeper than 8 feet. This is an unusual result due to the excellent water holding capacity
of this soil, but illustrates the resiliency of alfalfa with limited water supply (Photo, July, 2021. D. Culp).

1

D. H. Putnam, Professor of Extension, Alfalfa & Forage Specialist, Department of Plant Science, University of
California, Davis, CA 95616. Email: dhputnam@ucdavis.edu. U. Gull, Asst. Professor, University of Agriculture,
Faisalabad, K. Bali, Irrigation Specialist, Kearney Research and Extension Center. Published IN Proceedings, 2021
Western Alfalfa & Forage Symposium, Reno, NV 16-18 November, 2021. (http://alfalfa.ucdavis.edu).
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INTRODUCTION
Signs on many highways in the West read ‘Food Grows Where Water Flows”. A deeper truth
for agriculture could not be spoken. Crops and plants simply use a lot of water to grow. It’s just
a fact. This is illustrated by the fact that California (for example) utilizes approximately 40-42%
of its water for agriculture, while total urban use for 40 million people in the most populous US
state is about 10-12% (Mount and Hanak, 2019; DWR, 2021). Environmental allocations
account for the remainder, either policy-driven environmental allocations or excess river flows
during high runoff. The oft-quoted ‘80% used in agriculture’ (Guo, 2015) considers only the
water controlled for human use.
It is often surprising to urban dwellers that food production takes so much water as illustrated by
the fact that many will use ‘gallons’ as a measure, whereas agriculture uses ‘acre-feet’ (AF). An
AF is about 326,000 gallons. Most crops use 1.5-4.5 AF per acre, with the total used by ag in
California ranging from 25.8 million AF to 33 million AF per year (Johnson and Cody, 2015).
Why do plants require so much water? Physiologically, plants require ‘turgor pressure’ to
drive photosynthesis and growth. The very moment turgor pressure is lost (wilting), cell
expansion stops, growth ceases, carbon dioxide
cannot be taken into the stomates (Figure 2),
photosynthesis slows and stops. Water must be
present in a continuous stream from soil through
roots and xylem to evaporate from leaves. If humans
were plants, we’d require 50-gallon drums of water
attached to each foot! While many plants can
sustain short-term deficits, plant growth of any type
sufficient to produce the yields required for a
productive agriculture must be grown (generally) in a
water-rich environment. This is especially true with
herbaceous crops like alfalfa.

Figure 2. The stomates on leaves must have
turgor from adequate water, allowing CO2 to
enter the plant for photosynthesis.

However, crops differ in their pattern of water use,
annual demand and drought tolerance. Annuals, for
example require water for germination and establishment and often have shallow root systems,
but can be easily fallowed during drought and grown during winter. Trees and perennials have
deep roots and (as with alfalfa) often grow all season long. Orchards are more difficult to stop
watering during droughts. Crops differ in harvest index (HI-percentage of the crop harvested),
which affects Water Productivity (crop yield produced per unit of water). Crops differ in the
timing of water demand and rooting depth. Here, we examine the characteristics of alfalfa vis-àvis its ability to sustain production during variation in annual water supplies.
DROUGHT CRISES – VARIATION IN SUPPLY IS THE KEY ISSUE
Periodic Crises. While droughts get most of the attention, variation in water supply in the West
is probably a more important consideration. Periodic drought, disappearing groundwater, and
even flooding events have been a reality in western states for decades and are likely to be
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exacerbated in the future due to
climate-change and increased demand.
As recently as 2017, the Central Valley
of California experienced floods, while
2021 saw the most severe drought seen
many years (Figure 3). For the first
time ever in 2021, Colorado River
managers reduced allocations to water
users in Nevada and Arizona due to the
ever-decreasing supplies in Lake Mead
and Lake Powell (Wilson and James,
2021). Crop growers in the Klamath
watershed were suddenly cut off in
2021 due to the drought and the
Endangered Species act, causing
tremendous disruption and anger
(Baker, 2021). This year was one of
the worst droughts we’ve seen
throughout the West, but we must
admit, the pattern is nothing new. The
2021 Klamath situation mirrored 2001,
when water was cutoff to protect the
Klamath sucker fish.
Figure 3. The 2017 California floods in (Elk Grove, CA)
were followed in 2021 with severe drought (Folsom Lake,
CA). Coping with variation in water supply is a key
component of the future. Photos: NY Times (top), CNN.

There are few simple answers to these
large looming issues for the West. High
demand by all players is a key
component. However, variation in
water supply is likely to be the more prominent feature of water supply situation in the future,
not just drought. Some reservoir and aquifers (not all) can be re-filled with a few years of good
precipitation. Excesses followed by drought are an on-going reality. In a time when satellites
can monitor water use and laws can dictate water usage (Charles, 2021), and tools like Open ET
(NASA 2020) can be estimate the amount of water different crops, all crops will be the subject of
intense scrutiny. The SGMA regulation of groundwater in CA (DWR, 2021a) will have
profound effects on cropping systems. Re-envisioning cropping systems that will adjust to these
conditions is key. How can alfalfa contribute to these systems?
CHARACTERISTICS OF ALFALFA THAT PROMOTE SUSTAINABLE
IRRIGATED CROPPING SYSTEMS – HIGH FLEXIBILITY IS KEY

Economic and food-producing value. First, all crops within a region must pass the test of
profitability as well as beneficial food production. Alfalfa is often one of the more important
crops in economic returns to growers in many western states, and sustains many farms.
Additionally, alfalfa is a significant food producer, though not often considered as such. Dairy is
the most important agricultural enterprise in California at over $7.5 billion/year in farm value
($19 billion in other values). Similarly, dairy is economically critical in other western states
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(particularly ID, OR, NM, TX, WA). Western states
now produce about 50% of the nations’ milk. Alfalfa
and other forages are ‘engines of food production’, and
the basis of on-farm profitability for thousands. Water
impacts must be balanced with the value created.
Deep Roots and Utilization of Residual Moisture.
Alfalfa roots have been documented as deep as 15 feet
(Figure 4), and routinely explore soils in the 3-8foot
range when soils provide no impediments (Figure 1).
Residual moisture from previous irrigation and rainfall
events (months earlier) are often very important in
sustaining alfalfa production during times of lack of
surface water from rain or irrigation. The deep roots of
alfalfa prevent over-irrigation past the root zone,
improving utilization of water to produce crop yield
(water-use efficiency). These vigorous root systems
also improve soil water infiltration and soil health.
High flexibility during droughts. There is now
considerable data that confirms the ability of this crop
to sustain forage production when irrigation is reduced
during droughts. No grower would prefer to underirrigate their crop, but when necessary, this crop
tolerates short-term droughts in most cases. Yields are
almost always lower when under-irrigated, but the crop Figure 4. Distribution of alfalfa roots at depths
showing most activity in the top 6 feet of depth,
can still produce adequate yields (Figure 5). Yield
but roots were observed to 15 feet in the Imperial
penalties from deficit irrigation strategies widely vary
Valley of California (USDA publication, circa
by soil type and environment (Cabot et al., 2017,
1910).
Montazar, 2020). Alfalfa often enters a ‘summer
dormancy’ in most cases after utilizing residual
moisture. This is not a zero-irrigation strategy, but offers the ability to ‘turn off the tap’ when
water is simply not available or needed for other uses. Savings in water during summer months
can be as much as ½ of full watering normally applied through irrigation systems (Figure 5).
Multiple Harvests, Partial Season Production. While most crops are harvested once during
the year, alfalfa is harvested multiple times. In most environments, over 60% of the production is
realized by mid-summer (Figure 6). In short-seasoned environments, harvests range from 2 to 5
and in longer-season environments 7 to 12 harvests. Yields typically decline later, even if fully
watered (Figure 5, 6). “Summer slump” (Ottman and Putnam, 2013) is a common observation in
alfalfa. Some of the later cuttings may not be fully economic even if fully irrigated. The highest
alfalfa yields (and highest quality) occur during the first few months of production at a time of
highest water use efficiency and lowest ET (Figure 5). This enables partial-season production
with limited water.
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Figure 5. Cutoff of irrigation water after July 4 of 50% of irrigation applications (top graph),
resulted in about 80% of full yield, (bottom graph) while cutoff (gradual or sudden) at 75% of ET
irrigation demand resulted in 95% of full yield. Savings of up to 20” of irrigation water were
observed. This is due to the high productivity in early harvests, and use of residual moisture even
after irrigations cease (data Davis, CA, 2015).
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60%
62%

Figure 6. Alfalfa yield patterns in a short-season 4-cut system (Tulelake, CA) and 8-cut long-season system
(Parlier, CA), average of 12 years of variety trials at these locations. Over 60% of seasonal yields are
obtained before early-July at times of greatest Water-Use Efficiency.

Drought Survival, Production upon re-watering. When partial-season dry-downs are
necessary, will the crop survive and recover to produce when watered again? The answer is
generally ‘yes’. When deficits were applied in Colorado studies, in virtually all cases, the fullywatered crop recovered in the following year (Figure 7-Cabot et al., 2017). In several of these
on-farm Colorado studies, the production of re-watered crops following two years of stress was
superior to fields that were previously well-watered (Cabot et al., 2017). We’ve found similar
recovery of previously-stressed alfalfa in California studies (Figure 7, Frate et al., 1992); About
9
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Figure 7. Deficit irrigation treatments in Colorado (left) and Fresno Co., California (right) both showed yield
reductions during dry-downs, but the crop recovered fully in the follow year when the crop was re-watered
(Cabot et al., 2017, Frate et al., 1992)

10

½ the irrigation water was saved in the Fresno study. The only exceptions to this result have been
on the harsh cracking-clay soils under high salinity and intense heat of the Imperial Valley,
where stand decline from summer deficits is more common.
High Water Productivity, High Harvest Index. The harvest index (HI-the percentage of
above-ground crop harvested for an economic product) of alfalfa is about 100%, whereas in most
crops the harvest index is from 10-50%. This, in addition to its high yield and deep roots, is the
reason that alfalfa is among the most efficient plants in Water Productivity (sometimes called
Water-Use Efficiency) – the amount of dry matter produced per unit water.
Ability to be over-watered in Winter to Recharge Aquifers. Given the high variation in
annual precipitation (Figure 3), the value of excess capture has not escaped the attention of water
managers. The concept of Flood-MAR (Managed Aquifer Recharge) which promotes flooding
of fields during times of high river flows have been studied (DWR, 2021b). Alfalfa has been
found to be suitable to this practice, with up to 30 feet of water applied to permeable soils with
minimal crop damage in Intermountain and Valley locations (Dahlke et al., 2018). More
recently, Bali et al. have shown winter flooding events not to damage alfalfa yields, in fact

Figure 8. Effect of winter flooding on alfalfa yield, Parlier, CA, 2020. Treatments that
were deficit irrigated (red columns) in the previous year were compared with fully
irrigated 2019 treatments (blue). Crop regrowth benefitted from winter applications.
From 8-10 AF of water was applied during winter periods with the intent to recharge
aquifers.
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benefitted yields due to the early irrigation events (Figure 8), which were similar to the results
found at Davis (Figure 9). Alfalfa has an advantage vs. fallow or other crops, in that nitrate
contamination of groundwater is likely to be a lower risk during excesses. However, it is well
known that alfalfa can be damaged with excess flooding, so only some soils are suitable for this
practice, and care must be taken to reduce oxygen deficits since flooding can kill alfalfa stands.
Water Early, Apply Deficits Late. Due to this seasonal production pattern (Figures 5 and 6),
emphasis on early production is key. Irrigation water is typically more available early in the
season or winter periods, and more precious in mid-late-summer. In 2021, we flood-irrigated
selected plots of an alfalfa study field that was full and deficit irrigated in previous two years
under advanced overhead linear move irrigation systems. We found that early season (FebruaryMarch) irrigations not only increased yields in the first three cuttings, but also sustained stands
and yields later in the year, even when deficits were applied in the summer (Figure 9). Early
season irrigation followed by summer cutoffs are recommended to cope with lack of water over
the summer months. This technique may be an important strategy to cope with droughts.
Salinity tolerance. Buildup of salinity is an unwanted consequence of drought. Contrary to
some published accounts, alfalfa is highly tolerant of salinity. Over four years of field trials in
Fresno County with applications of saline waters (ECw from 8-11 dS/m), we observed a buildup
of salinity effects over time, and the average yield effects was about 22% penalty over the four
years (Table 1). However, yields in this case were still high and economically viable in saline
plots. It is obviously not desirable to continually build up salinity, but these data confirm the
tolerance of this crop to these harsh saline conditions. This would enable alfalfa to be grown
utilizing degraded water (municipal wastewater, manure water, drainage water), a valuable trait
to extend water supplies.
Table 1. Effect of salinity on yield, average of 35 alfalfa varieties, over four years, Five Points, CA,
2017-2020 (planted 3/29/17). Water with ECw of 8 to 11 dS/m was applied to saline plots, and 12 dS/m to low saline plots. Soil salinity at the completion of the trial ranged from 12-16 dS/m EC
depending upon depth. Unpublished data (D.H. Putnam, UC Davis).
2017 Season
Yield - 4 cuts

2018 Season
Yield 7 cuts

2019 Season
Yield 8 cuts

2020 Season
Yield 7 cuts

Cumulative
Average (t/A)

Low

High

Low

High

12.0
17.3
14.7

7.7
13.0
10.2

39.0
52.7
46.1

30.5
42.7
36.1

Salinity Level

Minimum
Maximum

Average
Yield loss

Low

High

Low

High

3.5
6.0
4.8

3.6
5.5
4.6

10.2
14.6
12.3

7.9
11.3
9.6

4%

22%

Low
High
tons/acre
11.4
9.9
16.2
13.3
14.4
11.5
20%

31%

22%

Treatment Mean

4.7

11.0

13.0

13.0

41.1

CV%

16.3

16.5

12.8

20.5

10.0

LSD (p=0.05)

0.2

1.8

1.6

0.6

1.0
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SUMMARY
Although the sum-total water demand for a fully-watered alfalfa crop is high, this is mostly a
function of its high yield and season-long growth pattern. Under highly variable water supplies,
alfalfa cropping systems offers tremendous flexibility due to its ability to be deficit irrigated and
recover from droughts to yield normally. Alfalfa should be considered an important element of
future irrigated cropping systems designed for highly variable water supplies. Techniques for
growers to adapt to ongoing water challenges are necessary.

Early Irrigation

No Early Irrigation

Figure 9. Value of early season irrigation during drought
periods, Davis, CA, 2021 illustrated with drone images. February
and March flood irrigations greatly benefitted early growth and
yields, and the benefit was observed even as late as September.
Red/yellow areas indicate crop stress and poor growth.
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POISONOUS PLANTS THAT CONTAMINATE HAY AND FORAGES
IN THE WESTERN UNITED STATES 1
Bryan L. Stegelmeier 2
ABSTRACT
When alternative forages are available, grazing animals generally avoid eating poisonous plants.
However, when toxic plants are included in prepared feed and hay, they are often consumed, and
they can poison animals. Alternatively, some normally safe forages can under certain conditions,
produce and accumulate toxins and poison livestock. As poisoning often results in fatal or costly
debilitating disease, identifying toxic plants and their toxins in prepared forages is essential. The
purpose of this presentation is to review basic principles of identifying contaminated feeds,
review how to collect and where to have samples analyzed using case studies. Participants of
these discussions should become familiar with common poisonous plants in the western United
States and know how to get help in identifying and avoiding poisoning.
Key Words: poisonous plants, hay, bloat, nitrate, pyrrolizidine alkaloids, poison hemlock, black
nightshade, milkweed, cyanogenic plants, knapweed, yellowstar thistle, black henbane, Salvia
reflexa
INTRODUCTION
Case Presentation: A producer seeded a 120-acre irrigated field with Roundup Ready® alfalfa in
late spring. After planting a storm developed and high winds further seeded the field from every
weed available from the adjacent marginal property. Consequently, a forest of weeds and a little
alfalfa sprouted and quickly grew. The producer consulted with the seed company and they
decided the problem might be best resolved if they cut the contaminated hay and sprayed the
field with herbicide when the second crop started growing. They cut the weedy hay and stacked
it over on the corner with the intention of composting it. However, it was a challenging year and
hay was in short supply. A relative had some hungry cows and needed feed. So, after consulting
with the experts, they tested the hay for nitrates and decided to try and feed it. They were
cautious and planned to transition to the weedy hay slowly while monitoring for signs of toxicity.
So, they diluted the hay 1:1 with grass hay and spread it out through their feedlot. Within 12
hours of feeding, half of the 500-cow herd became anorexic, depressed with signs of colic or
malaise. Though much of the hay was consumed, the unconsumed part was removed. About
200 of the exposed cows were severely poisoned and they became reluctant to stand, recumbent,
and bellowing in pain. A 172 that were fatally poisoned and most died within 72 hours of
1
2
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exposure. Three of those that died were necropsied and all had massive liver necrosis. The
timing and presentation suggest poisoning relating to the weedy bales. Likely toxic plants that
could produce such severe liver necrosis include annual kochia, cocklebur, and Wedelia glauca. .
As kochia had been linked to several similar catastrophic poisonings and many of the bales were
estimated to contain 70% or more kochia, that was considered a likely cause. However, the
massive liver necrosis resembled cocklebur poisoning making it also a likely cause. Wedelia
was considered unlikely as it has been associated with liver disease, but not in North America.
Consequently, the remaining contaminated hay was collected, sampled, and fed to both naïve
cows and several cows that were involved in the
original case. None of the hay samples contained
carboxyatractylocide (the cocklebur toxin) or any of
the other aflatoxins that were tested. The previously
poisoned cattle would not eat the contaminated hay.
Grinding and administered the hay by pumping it into
the rumen also did not produce disease. When cattle
forced to eat the hay, they would carefully pick
through it. The remaining uneaten feed was collected
and found to contain significant amounts of Salvia
reflexa or lance leaf sage. When those plant parts or
other plants that were collected from near the original
field were dosed to cattle it produced hepatic necrosis
(see figure 1). Using a mouse bio-model the Salvia
toxins were identified and their presence was
confirmed in both the original contaminated hay and
rumen contents from those poisoned cattle.1
Figure 1: Salvia reflexa and S. reflexa-induced disease in cattle.
A- S. reflexa grown from seeds recovered from contaminated
hay. Notice the blunt tipped leaves. The flowers are pale blue in
clusters on the tips of the branches. The inset is an older plant
with 0.5 cm calyxes (arrowhead). The calyxes and the leaves are
the most toxic and were plentiful in the fines or remaining feed
previously exposed cattle would not eat. B- is the liver from a
cow that was poisoned with S. reflexa. Notice the marked
lobular pattern caused by lobular necrosis and hemorrhage. Cphotomicrograph of the liver shown above. Notice the
hemorrhage and necrosis (H) with relative sparing of portal liver
cells (P).

This is a great example of a lot of work and great
success as both the cause of poisoning was identified
and testing was developed to identify the plant in
contaminated feed and in the tissues of poisoned animals. Sadly, this is unusual as many other
possible poisonings remain unsolved. The objectives of this presentation are to provide you with
come direction to help you identify common plant poisoning and more importantly how to
assemble a team of collaborators to help you come up with answers that will help you identify
potential problems, diagnose poisoning when it occurs and develop methods to minimize the
effects of poisoning.
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SAMPLING AND PLANT IDENTIFICATION
Many toxic plants are exotic, noxious weeds that invade pastures and fields and many have the
potential to be harvested with the desired forage. The subsequent contamination is nearly always
patchy. Additionally, the nature of harvesting and storing forages smashes, fractures, ensiles and
possibly cooks fragile plant parts resulting in destruction of many of the characteristic plant
structures that are essential for identification. To overcome these problems, adequate sampling
of prepared forages is difficult. For example, hundreds of samples may need to be examined to
identify the 4 or 5 contaminated bales from a field of hay. As free standing plants are much
easier to identify, it is most effective to inspect fields before the forage is harvested and
processed. As knowing and identifying all potentially toxic plants can be challenging, consulting
with local extension agents and veterinarians who are familiar with local plants and problems can
be often helpful. Unidentified plants may be collected and sent to a local laboratory, plant
taxonomist or herbarium. Positive identification is more likely if an entire plant especially
flowers and seed pods are submitted. If a local herbarium is not available, the sample can be
dried and pressed between papers pressed two or three days down under several weights such as
a couple of large books. The pressed plant can then be taped to a piece of cardboard, or placed in
a folder, and mailed to the appropriate laboratory (see Table 1).
Toxin concentration in plants often varies and some populations may not be poisonous. In many
cases plants can be analyzed chemically to determine their toxicity and potential risk. For
chemical analysis potentially toxic plants can be collected green and frozen. If plant samples
cannot be maintained frozen until analysis, some plants can be dried before shipment. It is
advised that the appropriate laboratory consulted to ensure samples are properly collected,
preserved, shipped, and received at the laboratory (Table 1). Under some growing conditions,
many normally safe forages can accumulate toxins including nitrates or cyanogenic glycosides.
Under such questionable conditions, these forages should be sampled and analyzed to determine
their potential toxicity. As toxin distribution may not be homogenous, analyzing multiple
samples is also recommended. Most laboratories include multiple samples in their analysis and
report a range of results to ensure the resulting recommendations are reliable (see Table 2).
Table 1: List of potential references and resources
Local Extension Agent
USDA/ARS Poisonous Plant
Research Laboratory
State Animal Disease
Diagnostic Laboratory

Phone
Number

435-7522941

Local Herbarium
Microscopic analysis of feces
and ingesta to detect toxic
plant parts- Texas
Veterinary Medical
Diagnostic Laboratories

888-6465623

Web Page

http://www.csrees.usda.gov/Extension
https://www.ars.usda.gov/pacific-west-area/logan-ut/poisonousplant-research/docs/bulletin-415/
http://www.aavld.org/mc/page.do?sitePageId=33930&orgId=aavld
(Laboratories Accredited by American Association of
Veterinary Diagnostic Laboratories)
http://herba.msu.ru/mirrors/www.helsinki.fi/kmus/botmus.html
(List of public herbaria throughout the world)
http://tvmdlweb.tamu.edu
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DIAGNOSIS OF POISONED LIVESTOCK
When livestock are poisoned, clinical studies and post mortem examination are essential to
obtain a good diagnosis. As many nutritional, genetic and infectious diseases can cause clinical
diseases and lesions similar to those produced by toxic plants, veterinary examination and
collection of the appropriate samples for chemical analysis and microscopic analysis are critical.
As discussed with plant samples submission, expert consultation may also be needed to make the
proper sample collection, preservation and submission. Most states have excellent animal
diagnostic laboratories and if available submission of severely affected, moribund animals or
fresh animals that have recently died provides the best chance of obtaining a definitive diagnosis
and cause of death. Expertise is needed to collect the proper samples as many are unique and not
immediately obvious. For example, the ocular fluid is relatively protected within the sclera and
other eye tissues so that it changes very slowly after the animal dies. Subsequently elevated
ocular nitrates are excellent post mortem indicators of plant-associated nitrate poisoning. In
many cases the cause of death is not obvious even with post mortem and histologic studies. Such
negative results should not be discouraging as they can be used to exclude many potential
diseases and narrow the list of possible causes. Many studies result in a most likely diagnosis
and when integrated with local field studies can be useful to formulate an appropriate action to
avoid future problems or minimize the impact of that likely toxic plant.2
Table 2: Partial list of tests, samples, sample size and preferred method of shipping for
investigation of potential poisoning by plant toxins.*
Test
Blood counts

Serum biochemistries

Microscopic evaluation of
tissues
Post mortem or necropsy
Chemical evaluation of
serum, blood, eye fluid,
urine or milk
Chemical evaluation of
tissue
Chemical evaluation of
feces or gastrointestinal
contents
Plant identification

Sample
EDTA containing blood
tube (often a purple
topped tube)
Clot tube (often a redtopped tube)- contains
no anticoagulant. The
serum is separated from
the cellular portions
after clotting.
Various tissues (liver,
heart, lung, kidney, GI
tract, brain, and any
lesions)
Dead or moribund animal
Serum, whole blood,
urine or milk. The whole
eye is the best sample to
send if nitrate poisoning
is suspected.
Various tissues

Size
3-5 ml

Shipping
Chilled shipped on ice

5-10 ml

Chilled on ice or frozen
for extended delivery

2X2X4 cm pieces

Fixed in formalin

Whole animal
20 ml

Fresh
Stored in tubes or plastic
bags and shipped on ice
or frozen

2X2X4 cm pieces

Feces or ingesta

1 kg (about a sandwich
bag full)

Stored in plastic bags and
shipped frozen
Stored in plastic bags and
shipped frozen

Whole plant

Whole plant including
flowers, pods, leaves,
stems and roots

Fresh if delivered that
day, dried if hand
delivered later, pressed
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Plant chemical analysis

Whole plants

5 or 6 whole plants

Hay for weed
contamination and
weed identification
Hay for nitrate analysis

Stored baled hay

5 or 6 bales

and dried if sent
through the mail
Fresh if delivered that
day, dried if mailed or
frozen if they can be
maintained frozen
during shipping
Dry

Hay

Several representative
Dry
samples. These can be
core samples. 0.5-1 kg
Prepared feeds
Feeds
Representative feed
Dry
samples such as cubed
feed, 0.5-1 kg
Silage or green chopped
Feeds
Representative feed
Frozen
feed
samples- 3-5 kg
*Be sure to check with the laboratory as they often require specific sampling, sample preparation and
shipping. Label all materials with indelible ink; provide date, owner, location and contact information.

SPECIFIC POISONOUS PLANTS AND PLANT ASSOCIATED TOXINS
The following are some of the common toxins and poisonous plants that commonly contaminate
feeds and forages in the western United States. This list is not all inclusive and regional
problems may involve different plants. Additional texts, reviews and web pages contain
additional information on these and other toxic plant problems.3,4
Plant Associated Bloat and Rumen Acidosis: Bloat is probably the most common fatal plant
poisoning. Bloat is a common name for increased rumen pressure or tympany. It has various
causes, but the most common plant associated bloat is frothy bloat. Common plants associated
with bloat include alfalfa, ladino clover, red and white clover, green cereal crops, rape, kale and
others. Most contain soluble and quickly digested protein, saponins and hemicelluloses that
alter rumen surface tension and stabilize surface foam.5 Tannin containing legumes such as
sainfoin, crown vetch, milk vetch, fenugreek, and birdsfoot trefoil have similar proteins, but they
are more slowly digested and rarely cause bloat.6 Recently bloat resistant cultivars of alfalfa and
other desirable species have been developed to minimize bloat incidence and severity. Bloat is
most often seen when animals are allowed to graze rapidly growing lush pastures, but it can also
been seen when animals are fed high quality hay. Frothy bloat can also been seen in animals fed
grain diets. These cases are probably related to both rapid fermentation, acidosis, and microbial
production of foam stabilizing compounds.7
Clinically, bloat is seen as marked distension of the abdomen with prominent rumen distension
seen in the left paralumbar fossa. This distension and pressure results in dyspnea (labored
breathing) seen as grunting and open mouthed breathing, extension of the neck, and regurgitation
of rumen contents. If untreated, animals may quickly die. Death often occurs within hours of
exposure. Emergency treatment is to reduce rumen pressure via a trocar, cannula, or
rumenotomy. In less severe cases rumen pressure can be relieved using a stomach tube.
Antifoaming agents such as vegetable and mineral oils with various surfactants such as
poloxalene are also commonly used. Preventing bloat is difficult and most strategies only
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reduce the incidence. Supplemental feeding, mixed seeding, and strip grazing can be used to
limit the doses of quickly growing legumes to less than 30% of the diet. Antifoaming agents
mixed with minerals can be used to reduce the risk. Timed release rumen capsules containing
ionophores are also helpful.
Rumen acidosis is a complex disease involving the interaction of feed and rumen microflora.
Simplistically it results when forages or mixed rations include quickly fermentable carbohydrates
causing expansion of fermenting rumen microflora, production of lactic acid, and subsequent
damage to the rumen mucosal structure and function. Many cases are fatal and non-fatally
poisoned animals may develop secondary septicemia and hepatic abscesses. Treatment is
symptomatic and most poisoning can be avoided by controlling feed rations, allowing cattle time
to adapt to concentrate rations, and the use of ionophores and antibiotics to influence rumen
microflora.8
Nitrate-nitrite poisoning: Under some weather and growth conditions certain pasture and
cultivated forages accumulate toxic nitrate concentrations. Ruminants are especially sensitive as
they quickly reduce nitrates to nitrite. The reduced nitrite is absorbed and oxidizes hemoglobin
producing methemoglobin. Methemoglobin will not bind oxygen. In monogastric animals such
as horses the nitrates are not so easily reduced and much higher doses are required to be toxic.
Signs of nitrite poisoning include weakness, trembling, brown or cyanotic mucous membranes,
dyspnea, brown discolored blood, abortion and death. Poisoning is cumulative and all other
potential sources such as water, and feed additives should be included when considering
poisoning. Nitrates accumulate in all plant parts but may be especially high in stalks and
leaves. Seeds or grains are generally safe. Plants predisposed to accumulate toxic nitrate
concentrations (>0.5%) are listed in Table 3 and Figure 2.9 Nitrate accumulation is provoked by
nitrogen fertilization, drought or frost stress and some herbicide treatments. Water may be
contaminated with fertilizer, silage-pit or feedlot runoff.
Poisoned animals may be treated with intravenous methylene blue (8 mg/kg in cattle). As
methylene blue is rapidly cleared, treatment may need to be repeated every 2 hours. Other
suggested treatments include oral gavage with mineral oil,
antibiotic and vinegar to reduce nitrite production and
enhance toxin movement through the gastrointestinal tract.
In most cases the animals die quickly precluding treatment.
The diagnosis postmortem is best made analyzing the eye for
nitrates. The whole globe should be submitted as the nitrates
in this tissue are slow to be altered by autolysis and
saprophytic bacteria (see Table 2).
Figure 2: Kochia (Kochia scoparia) is an annual Asian weed that grows
rapidly into a 2 m large branching plant, with alternate hairy leaves. It is
commonly found in disturbed areas of fields, pastures and rangelands. In
some parts of the world it is used as forage, but in North America it has
been associated with liver disease, photosensitivity,
polioencephalomalacia, and nitrate poisoning. Other than nitrate
poisoning, the toxin or mechanism of toxicity has never been proven for
kochia.

Nitrate poisoning can be prevented by recognizing crops, weeds, and forages that are likely to
accumulate nitrates and avoiding contact with susceptible species. Forage nitrate concentration
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of >0.5% and water concentrations >200 ppm should be considered dangerous. Contaminated
forages can still be used if they are diluted with good feed or fed to less susceptible species.
Table 3: Partial list of plants predisposed to accumulate toxic nitrate concentrations
(>0.5%) that may contaminate hay and prepared forages.9

Sudan grass (Sorghum bicolor)
Fescue (Festuca spp.)
Dock (Rumex cripus)
Johnson grass (Sorghum halepense) Alfalfa (Medicago sativa)
Nightshade (Solanum spp.)
Sorghum (Sorghum spp.)
Sweet clover (Melilotus officinalis) Soybean (Glycine max)
Fireweed (Kochia scoparia)
Flax and linseed (Linum spp.)
Pigweed (Amaranthus spp.)
Beets (Beta spp.)
Lambsquarter (Chenospdium album)
Rape (Brassica spp.)
Canadian thistle (Cirsium arvense)
Corn (Zea spp.)
Jimson weed (Datura stramonium)
Rye (Secale cereal)
Wild sunflower (Helianthus spp.)
Wheat (Triticum spp.)
Cheeseweed (Malva parviflora)
Oats (Arena sativa)
Smartweed
(Polygonum spp.)

Pyrrolizidine alkaloid containing plants: This group of over 6000 plants contain over 650
different toxic pyrrolizidine alkaloids (PAs). In the western United States, there are several
indigenous PA containing plants, but those that commonly contaminate hay and poison animals
tend to be exotic, invasive, noxious weeds. As a group, PA containing plants are not very
palatable, but when they are included in hay or other prepared forages, they are readily accepted
and eaten. The PA toxins primarily damage the liver, resulting in non-specific but suggestive
histological changes (liver necrosis, fibrosis, biliary hyperplasia and megalocytosis). These
lesions are dependent on the dose and duration of poisoning. High doses produce extensive
damage or necrosis of the liver. This is seen clinically as acute liver failure with jaundice
(icterus), coagulopathy and hepatic encephalopathy. Lower doses are more common and also
damage the liver. However, in these cases the liver damage is less severe, but often results in
compromised animals with reduced hepatic function. Such animals may decompensate and
develop clinical liver disease months and even years after the initial exposure. Clinical disease
in these animals includes icterus, photosensitivity, weight loss and poor production. Such liver
failure is often precipitated by a stressful event such as pregnancy, lactation, poor nutrition or
bad weather. This delayed onset of disease complicates diagnosis as the causative contaminated
feed is gone and cannot be examined.
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Figure 3: Hound’s tongue (Cynoglossum officinale) is a
biennial noxious weed originally from Euroasia that has
spread throughout North America. The leaves of the first
year rosette are long (40+ cm) and broad, hence the
common name. In its second year the plant produces
flowering stems that are about 0.5 m tall and topped with
reddish purple flowers that ripen into small 8-10 mm
nutlets that are coverd with hooked barbs that easily attach
to hair and clothing.

Most PA containing plants are invasive noxious
weeds of varying toxicity making it difficult to
predict the risk and the extent or effect of
poisoning. Animal and individual susceptibility
to poisoning also differs. Horses and cattle are
more susceptible than sheep and goats. Young
animals are often much more susceptible than
mature animals and there are reports of
transmammary neonatal poisoning without
clinical signs of maternal toxicity.10 Selected PA containing plants (Table 4), include hound’s
tongue (Cynoglossum officinale- Figure 3), and several different Senecio species (See tansy
ragwort- Senecio jacobea- Figure 4). PA containing plants are the poisonous plant most likely to
contaminate grain and herbal products. Consequently human poisonings and deaths have been
reported.10 PA containing plants remain toxic in prepared feeds and food with minimal
degradation in most ensiling processes.11 Cereals products can be contaminated by dust alone
when they are co-harvested with PA containing plants. PAs have also been identified in honey,
milk and animal tissues (see Figure 6- Amsinckia).12
As most animals that develop clinical disease die, treatment of poisoned animals is limited.
Though little is known about sub-clinically poisoned animals, it is speculated that they have
permanent loss of hepatic function and are not likely to perform
to their full potential. Consequently avoiding exposure is the
suggested treatment. As with many other toxic plants, the best
way to ensure feed quality is to inspect the fields for invasion by
these plants prior to harvest.
Figure 4: Tansy ragwort (Senecio jacobaea) is a noxious weed that is a
native of the British Isles that has spread into Western Europe, South Africa,
Australia, New Zealand and North America. It commonly invades fields and
pastures in the Pacific Northwest. In spite of extensive control efforts using
chemical and biologic agents, it continues to be a problem. Tansy ragwort is
a tall (0.5-1.5 m), erect plant that is unbranched except at the inflorescence.
Poisoning occurs when plants contaminate feeds, when grazing animals
cannot easily differentiate the early rosette from grasses and clovers, or when
no other forages are available. S. jacobaea contains six major alkaloids of
which several have been shown to cross the placenta and to be secreted in
milk.
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Figure 5: Fiddleneck (Amsinckia intermedia) is an annual
that has spread over much of the southwest. The flower
is yellow or orange and it is shaped like the neck of a
fiddle resulting in the common name- fiddleneck.
Poisoning is sporadic and most often affects highly
susceptible young animals especially horses. When other
forages are lacking, resistant animals often seem to eat
fiddleneck without problems, but it is likely that such
subclinical poisonings have permanent sequelae that may
not been seen until months or years later. Fiddleneck
contains various PAs including intermedine and
echiumine. Similar Australian plants suggests that these
toxins have the potential to contaminate honey and
pollen.

Table 4: Partial list of pyrrolizidine alkaloid containing plants that have poisoned livestock
and may contaminate hay and prepared forages.12
Senecio douglasii var. longilobus
Woody groundsel
S. glabellus
Butterweed
S. intergerrium
Lamb’s tongue groundsel
S. jacobaea
Tansy ragwort
S. plattensis
Prairie ragwort
S. riddellii
Ridell’s ragwort
S. spartioides
Broom groundsel
S. vulgaris
Common groundsel
Crotalaria retusa
Wedge leaf rattlebox
C. sagittalis
Rattlebox
C. spectabilis
Showy crotalaria or rattlebox
Amsinckia intermedia
Fiddleneck, tarweed
Cynoglossum officinale
Hound’s tongue
Echium vulgare
Blue weed, Viper’s bugloss
Symphytum officinale
Comfrey
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Poison hemlock- Conium maculatum: Poison hemlock (Figure 6) is an introduced biennial or
perennial plant that grows along roads, ditches and fences. It is a prolific seed producer allowing
it to spread and invade in large patches into adjacent fields and pastures. Animals most often
avoid eating poison hemlock unless there are no other forages available. The toxins (conine and
gamma-coniceine) are similar to nicotine causing muscle tremors, salivation, incoordination,
dyspnea, increased defecation and urination and
death. If not acutely fatal, abortions and birth defects
also occur.
The leaves and stems are toxic and may contaminate
hay and silage. The seeds are highly toxic and can
contaminate cereal grains. Fortunately, poison
hemlock toxins are not as stable as many other plant
toxins and they degrade over several months in most
hay and prepared feeds. However, this degradation
may not be uniform, resulting in some portions of the
prepared feed having residual toxicity. Nearly always
the fresh plant material is uniformly toxic and most
poisonings occur when animals are fed contaminated
fresh, chopped forages.13
Figure 6: Poison hemlock (Conium maculatum) is an erect
biennial that grows up to 2 m tall. Originally from Europe, it
now grows throughout North America and it is commonly found
along ditches and roads where the ground is moist. The stems
are smooth and hollow and they often have purple spots. The
leaves are carrot-like, alternate, pinnately dissected and coarsely
toothed. The inflorescence is a flat topped umbel with multiple
small white flowers.

There are no specific treatments for poison hemlock poisoning and most animals recover if they
are allowed to recover with minimal stress. Supportive care might include a cathartic or
administration of activated charcoal to minimize absorption. The contaminated feed should be
removed to prevent further poisoning.
Black nightshade (Solanum nigrum), jimson weed (Datura stramonium) and henbane
(Hyoscyamus niger): Black nightshade (Figure 7) is found along fences and roads throughout
North America. It contains several glycoalkaloids, including solanine, hyoscine and
hyoscamine. These toxins are similar to atropine and alter the function of the autonomic nervous
system. Clinical signs include reduced salivation and decrease gastrointestinal motility. Under
some conditions this can result in epidemic incidences of colic. Similar problems have been
documented to occur when grains contaminated with jimson weed seeds were fed to horses in the
Midwest.14 Nightshade toxins are stable and if they are included in forages they remain toxic.
They are especially bothersome to the racehorse industry as these toxins can cross react in the
drug screens that are used to test racehorses. In most of these cases, identifying contaminating
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plants in feeds is difficult. Consequently, such false positives usually result in disqualification of
those animals.15
Henbane is a noxious weed that also grows along fences, roadsides and waterways. It can invade
fields and pastures and can contaminate hay and other prepared forages. The henbane toxins
(hypscyamine, hyoscine and atropine) are similar to those in black nightshade and jimson weed,
so they cause similar diseases to these plants. Henbane is generally not palatable unless it is
included in prepared forages.
Figure 7: Black nightshade (Solanum nigrum) is a spineless erect or
trailing annual plant that grows along fences and roads and on the
disturbed margins of fields. It has a small white flower that ripens
into a 0.5 to 1 cm round smooth green fruit that contains the toxin,
solanine. When the fruits turn black, they are edible.

Milkweeds (Asclepias spp.) and other cardiac
glycoside containing plants: Milkweeds (Figure 8) can
be found throughout the world as they grow along
roadsides, waterways and in disturbed areas. Most
species contain cardenolides or cardiac glycosides, but
the concentrations of these vary between the species and
plants. These toxins are similar to digoxin (the toxin in
foxglove, Digitalis
lannata) that is
widely used to treat congestive heart failure.
Cardenolides inhibit the sodium-potassium pumps on
myocardial membranes resulting in altered conduction and
contractility. Similar toxins can also be found in oleander
(Nerium oleander), lily of the valley (Convallaria
majalis), dogbane or Indian hemp (Apocynum
cannabinum), and pheasant’s eye (Adonis microcarpa).
Milkweeds are most toxic when in the vegetative stage
and they remain toxic when included in hay and other
forages.
Signs of poisoning are usually sudden death, dyspnea or
labored respiration, pulmonary edema, muscular tremors
and a weak rapid pulse. As no specific treatment is
available in large animals, prevention is essential. As
milkweeds tend to grow in small patches they can be manually removed or treated with various
herbicides.
Figure 8: Milkweed (Asclepias subverticillata) - Milkweeds are found throughout the world along road, waterways,
and in disturbed areas on the margins of fields and pastures. They are erect perennials that generally have broad
veined leaves. Most contain milky sap or latex and the flowers are usually terminal umbels colored from greenish
white to red.

Cyanogenic glycosides containing plants: More than 2000 plants throughout the world have
been shown to contain cyanogenic glycosides. Only a handful of these have been associated
with poisoning in livestock in the western United States and several of these are often used as
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chopped green forage and to make hay. Johnson grass (Sorghum halapense), Sudan grass
(Sorghum vulgare), forage sorghums (Sorghum spp.), and arrowgrass (Triglochin spp. Figure 9)
are generally used as hay. Other cyanogenic plants such as chokecherry (Prunus virginiana
Figure 10) and service berry (Amelanchier alnifolia) often grow along fences and field margins
and can inadvertently be included.

Figure 9: Arrowgrass (Triglochin maritima) is found throughout
North America in moist marshlands and pastures. It is a perennial
grass-like plant and the leaves are between 15 and 30 cm long,
linear, unjointed and sheathed at the base. The flower is
composed of a pediceled raceme that may grow up to 1.5 m tall.
The greenish flowers are inconspicuous and ripen into greenish
fruits. Cyanide is highly toxic to all animals as it inhibits cellular
respiration. Affected animals cannot use oxygen and develop
“cherry red” tissues and blood. Low, non-lethal doses of cyanide
have been associated with lathyrism-like disease, goiter, birth
defects such as arthrogryposis, and spinal cord degeneration and
cystitis. The mechanism of many of these changes is due to
damage to nerve coverings called myelin sheaths.

Figure 10: Chokecherry (Prunus virginiana)
is a small tree or shrub that grows in thickets
and along waterways. It can grow up to 5 m
tall and the leaves are ovate to obovate with
minimally serrate margins. The bark is grey
with obvious lenticles. The inflorescence is a
cylindrical raceme of white fragrant flowers
that ripen into dark purple round fruits. The
fruit is the only edible portion.

To be toxic cyanogenic glycosides must be hydrolyzed to cyanide or prussic acid. This
conversion is facilitated when the plant is damaged as by crushing, chewing, freezing, or wilting.
Drying or ensiling the plants decreases the cyanogenic potential as the cyanide is slowly
degraded and released over time. The concentration of cyanogenic glycosides in plants varies
and can be higher in young plants growing rapidly in cold moist weather; when heavily
fertilized; when frosted or drought stressed; or when the plants are treated with certain
herbicides.
Treatment of cyanide poisoning is difficult as most animals quickly die. As cyanide is quickly
dissipated from tissues, tissues such as liver, muscle and rumen contents must be collected within
a couple of hours of death, frozen in sealed, air tight containers and quickly analyzed. If
poisoned animals are found, recommended treatments include intravenous sodium nitrite (22
mg/kg) and sodium thiosulfate (600 mg/kg). These oxidize hemoglobin forming
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methemoglobin. Methemoglobin avidly binds cyanide protecting the cytochrome oxidase
system of cellular respiration from its effects. The best treatment is to avoid harvesting and
feeding these plants when they are likely to be toxic. Potential toxic feeds can be tested for their
cyanogenic potential.
Russian knapweed (Rhaponticum repens) and yellow star thistle (Centaurea solstitialis):
Russian knapweed (Figure 11) and yellow star thistle (Figure 12) produce a unique disease that
is specific for horses. These plants are both invasive species that grow in disturbed areas,
pastures and paddocks throughout the western United States. Though several toxins have been
identified and proposed, none have been definitively confirmed as the cause of this disease. This
is largely due to the extended duration of exposure that is required to produce the disease. All
parts of the plants are toxic and they remain toxic when dried and included in hay. Poisoning is
seen after the horses have eaten the plant for between 30 and 60 days. Affected animals lose the
ability to prehend and chew food and to drink water. The lesions are degeneration and necrosis
of specific locations in the brain known as the substantia nigra and the globus pallidus, resulting
in the morphological description of nigropallidal encephalomalacia. No other disease or toxin
has been shown to have such a site-specific effect.
Figure 11: Russian knapweed (right) (Centaurea repens) is a Russian plant
that has invaded many parts of the world. It is a perennial erect plant whose
branches can grow to about 1 m tall. The leaves are altenate with toothed
margins. The thistle like flowers are 1-2 cm in diameter and range from lavender
to white. The seeds are white with bristles on one end.
Figure 12: Yellow star thistle (left)
(Centaurea solstitialis) is a noxious
weed from the Mediterranean that is
well established in the western United
States. It grows in disturbed areas
along fields, roads and waste areas. It
is an annual branching herbaceous
weed that grows about 30 cm tall. The
leaves vary from deeply lobed at the
base to linear and entire on the stems.
The flowers are yellow and the bracts
are tipped with stiff yellow spines (10-20 mm).
There is no effective treatment for poisoning. Once clinical signs begin, poisoning is nearly
always fatal. Affected horses may be treated and maintained with liquids and oral liquid diets,
but they do not recover and nearly always continue to deteriorate until they must be euthanized.16
The best treatment is management to control the plants to minimize exposure and prevent them
from contaminating forages.
SUMMARY
Many poisonous plants remain toxic and can poison animals when they are included in hay or
prepared feeds. Hay fields should be closely inspected and potentially poisonous plants should
be excluded from harvesting. Other, presumably safe, forages may accumulate saponins, highly
soluble carbohydrates, nitrates or cyanogenic glycosides and this potential should be recognized.
Such forage may be tested and treated accordingly to minimize the risk of poisoning.
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A REVIEW OF CURRENT TOOLS FOR MANAGING POCKET GOPHERS IN
ALFALFA
Roger A. Baldwin1
ABSTRACT
Pocket gophers (Thomomys spp.) are often the most damaging vertebrate pests in alfalfa. The
amount and form of damage they cause can be quite varied but includes a loss in vigor and/or
mortality of plants, damage to subsurface drip lines, and loss of irrigation water down burrow
systems. In this paper, I highlight some of the tools that are used to manage pocket gophers in
alfalfa. Primary tools continue to include rodenticides, burrow fumigants, and trapping, although
other tools such as cultivation, burrow flooding, biocontrol, and repellents may have a role in
effective management programs as well.
Key Words: alfalfa, fumigation, pocket gopher, rodenticide, Thomomys spp., trapping
INTRODUCTION
Although many vertebrate pests cause problems in alfalfa, the most frequent offender is the
pocket gopher (Thomomys spp.). Pocket gophers are short, stout burrowing rodents, usually 6–8
inches in length. They spend most of their time below ground where they use their front legs and
large incisors to create extensive burrow systems. Pocket gophers will breed anywhere from 1 to
2 times per year, although in more southern irrigated alfalfa fields, they may reproduce up to 3
times per year. Therefore, continuous monitoring and control of pocket gopher populations is
needed to keep their numbers low. Although pocket gophers can breed at different times
throughout the year, there is typically a pulse in reproduction in late winter and early spring
depending on location and weather patterns. As such, control measures implemented before this
reproductive pulse will often be more effective given fewer pocket gophers to control at that
time.
If left unchecked, pocket gophers will cause extensive damage to alfalfa (8.8% loss in revenue
when present, Baldwin et al. 2014b). This damage includes consumption of tap roots and aboveground vegetation that can result in reduced vigor and/or mortality of alfalfa plants, loss of
irrigation water down burrow systems, and chewing on subsurface drip lines. Pocket gopher
mounds can result in additional problems including serving as weed seedbeds, burying of plants,
and causing damage to farm equipment.
A number of options are currently available for controlling pocket gophers but most control
centers on rodenticides, fumigants, and trapping. Other control options are available as well,
although their efficacy is less clear. I will briefly detail each of these approaches in the
following section.
_____________________

R. A. Baldwin (rabaldwin@ucdavis.edu), UCCE Wildlife Specialist, Department of Wildlife, Fish, & Conservation Biology,
One Shields Ave., University of California, Davis, CA 95616; In: Proceedings, 2021 Western Alfalfa and Forage Symposium,
Reno, NV, November 16–18. UC Cooperative Extension, Plant Sciences Department, University of California, Davis, CA 95616.
(See http://alfalfa.ucdavis.edu for this and other alfalfa conference Proceedings.)
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Toxic baits

CONTROL METHODS

There are three primary rodenticides for pocket gopher control: 1) strychnine, 2) zinc phosphide,
and 3) anticoagulants (e.g., chlorophacinone and diphacinone). Both strychnine and zinc
phosphide are considered acute toxicants. This means they kill after a single feeding.
Strychnine has generally been the more effective of the two and comes in a 0.5% concentration.
Zinc phosphide is also available for pocket gopher control; it comes in a 2.0% concentration.
Bait acceptance can be an issue with zinc phosphide, as it has a distinctive odor and taste that
pocket gophers are often averse to. This can limit the efficacy of zinc phosphide baits.
Anticoagulants such as chlorophacinone and diphacinone are multiple feed toxicants. With these
rodenticides, pocket gophers generally need to consume the bait multiple times over the course
of 3 to 5 days to receive a lethal dose. This means larger amounts of bait are required to
maintain a ready supply over this time period. Because of this, acute toxicants have often
yielded better results for pocket gopher control. Extensive laboratory trials have shown that
strychnine products are far more efficacious than other rodenticides currently registered for
pocket gopher control (Witmer and Baldwin 2014). Subsequent field trials indicated 100%
removal of pocket gopher populations across three vineyards, so strychnine does still appear to
be highly efficacious (Baldwin et al. 2017b). However, pocket gophers do develop a behavioral
or physiological resistance to strychnine if repeatedly used over time (Lee et al. 1990, 1992,
Marsh 1992). Therefore, strychnine baiting should be used only as one part of an Integrated Pest
Management (IPM) program.
There are two primary methods for baiting in alfalfa fields: 1) hand baiting with an all-in-one
probe and bait dispenser, and 2) a burrow builder. Hand baiting can be effective if you have
relatively few pocket gophers in a field. For this approach, an all-in-one probe and bait dispenser
is used to locate a tunnel. The bait is then directly deposited into the tunnel. The opening left by
the probe is covered up with a dirt clod or rock to prevent light from entering the burrow. When
using this method, care must be taken not to bury the bait with loose dirt as this will limit access
to the bait. Typically, it is recommended that burrow systems be treated at least twice to
maximize efficacy. Recent research has shown that the experience of the individual who applies
the bait is very important; those applicators who have been properly trained on how to use the
equipment, and who can detect the difference between extant versus back-filled tunnels, are
more than twice as efficacious as those individuals who have not received the proper training
(Baldwin 2014).
Although hand baiting can be effective for smaller pocket gopher populations, the burrow builder
can be a more practical method for treating larger areas. The burrow builder is a device that is
pulled behind a tractor on a 3-point hitch and creates an artificial burrow at a set depth. Bait is
then deposited at set intervals along the artificial burrow. While engaging in normal burrowing
activity, pocket gophers will come across these artificial burrows and consume the bait within.
This device must be used when soil moisture is just right. If the soil is too dry, the artificial
burrow will cave in, but if it is too wet, the burrow will not seal properly and will allow light to
filter in; pocket gophers will not travel down burrows if they are not sealed. The depth of the
burrow builder must also be adjusted for each field (and occasionally within the same field) to
ensure that the artificial burrows are created at the depth where most tunnels are found within
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that field. The artificial burrows must also be checked regularly to make sure that bait is being
applied; the application equipment often plugs, and if no bait is deposited, the process will
obviously not work. Although convenient to treat large areas, the efficacy of this method has
varied quite extensively from grower to grower. Experimentation is key in determining the
applicability of this approach for each grower.
Fumigation
Primary fumigants for burrowing rodent control have historically included gas cartridges and
aluminum phosphide. Studies have shown that gas cartridges are not effective for pocket
gophers. Aluminum phosphide, however, is quite effective. Aluminum phosphide is a
restricted-use material; it can only be used by or under the direct supervision of a Certified
Applicator. That said, it is quite effective and has a low material cost if used over small areas.
The primary method for applying aluminum phosphide is similar to that of hand baiting. You
use a probe to find a pocket gopher tunnel, then wiggle the probe to enlarge the opening (if the
probe hole is not already large enough to allow passage of the aluminum phosphide tablets into
the tunnel), and drop the label specified number of tablets or pellets into the tunnel. You then
seal up the opening to eliminate light from entering and the toxic gases from exiting the tunnel.
Once again, care must be taken not to bury the tablets with loose soil as this will render them
ineffective. Typically, each burrow system is treated twice to maximize efficacy. The key with
aluminum phosphide treatments is to only apply when soil moisture is relatively high. If you can
ball up a clump of soil at the tunnel depth and it maintains that ball in your hand, then soil
moisture is high enough to fumigate; if the clump falls apart in your hand, it is too dry. Because
of this, fumigation is typically most effective in late winter and early spring. However,
fumigation after irrigation can also be a good strategy.
In addition to aluminum phosphide, carbon monoxide generating machines can now be used to
control pocket gophers. As their name implies, these devices generate carbon monoxide and
inject it into the burrow systems which then asphyxiates the inhabitants. Trials have indicated
that this approach is moderately effective (56–68%; Orloff 2012, Baldwin et al. 2016, 2017a),
although efficacy is less than typically observed with trapping, aluminum phosphide, and
strychnine. Additionally, equipment can be expensive to purchase. However, many more
burrow systems can be treated during a day of application with this approach, so these machines
likely have utility moving forward, particularly for growers and pest control professionals who
have large acreage to treat.
A carbon dioxide injection device is now registered for use against pocket gophers as well. Data
on efficacy of this tool is limited at this point, although the expectation is that efficacy should be
relatively equivalent to that observed for pressurized exhaust machines. In contrast to
pressurized exhaust machines, the carbon dioxide injection device requires a tank of carbon
dioxide. This could make it more challenging to use over large acreage given the potential need
for multiple tanks per day.
Trapping
Trapping is safe and one of the most effective, although labor-intensive, methods for controlling
pocket gophers. Nonetheless, the cost and time for application is often offset by effectiveness
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(Baldwin et al. 2016). Several types and brands of pocket gopher traps are available. The most
common type is a two-pronged, pincher trap such as the Macabee, Cinch, or Gophinator, which
the pocket gopher triggers when it pushes against a flat, vertical pan. Another popular type is the
choker-style trap. Historically, these have been box traps that require extra excavation to place,
and may be a bit bulky to be practical in a large field setting. More recently, we’ve seen
increased use of a cylinder-type trap called the GopherHawk, which is a choker style trap that
takes little excavation and is quick and easy to set. Of trap types tested, the Gophinator trap
(Trapline Products, Menlo Park, CA) appears to be one of the most effective. In particular, it has
proven more effective than the Macabee trap (The Macabee Gopher Trap Co., Los Gatos, CA),
which is likely the most commonly used pocket gopher trap in the western U.S (Baldwin et al.
2013). The increased effectiveness of the Gophinator is due to its ability to capture larger
individuals at a greater rate. If an individual has old stock piles of Macabee traps, their
effectiveness can be increased by placing a cable restraint (0.06 inch in diameter, 9 inch in
length) to the front of the Macabee trap to help keep larger individuals from escaping. However,
the Gophinator trap is still more effective (Baldwin et al. 2015a).
For trap placement, the first step is to probe near a fresh mound to find the main tunnel, which
often is on the side closest to the plug of the mound. The main tunnel usually is 6 to 8 inches
deep; the probe will drop quickly about 2 inches when the tunnel is encountered. Traps will then
need to be placed in as many tunnels as are present, as you will not know which side the pocket
gopher currently is using. After placing the traps, you can cover the hole to keep light out of the
tunnel. However, covering trap sets only marginally increases capture efficiency when
temperatures are high (perhaps >85°, although the exact impact of temperature is not known) and
provides no increase in capture success at other times (Baldwin et al. 2013). Therefore, if setting
a large number of traps, a substantial amount of time in setting and checking traps can be saved
if the trap-holes are left uncovered. Various attractants have been tested to see if they will
increase capture success. They do not appear to increase capture success, although if using
covered trap sets, there could be a slight increase in capture success when using an attractant
such as peanut butter (Baldwin et al. 2014a). Human scent also does not influence capture
success, so there is little reason to worry about handling traps with bare hands (Baldwin et al.
2015a). Trap sets are typically only operated for 24 hours. If no activity is present in that
timeframe, they should be moved to a new location to maximize capture probabilities.
Pincer-type traps can also be placed in lateral tunnels, which are tunnels that lead directly to the
surface. To trap in laterals, the plug is removed from a fresh mound and a trap placed into the
lateral tunnel so that the entire trap is inside the tunnel. Pocket gophers will come to the surface
to investigate the tunnel opening and will be caught. This approach is quicker and easier to
implement than trapping in the main tunnel. However, trapping in lateral tunnels may be less
effective at certain times of the year (e.g., summer) and for more experienced and larger pocket
gophers (e.g., adult males).
Other control approaches.
A variety of other control options are sometimes used to control pocket gophers in alfalfa. They
are briefly discussed in the following paragraphs.
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Biocontrol. This approach relies on natural predation to control pocket gopher populations.
From a management perspective, this typically involves the use of barn owl boxes to encourage
owl predation of pocket gophers over alfalfa fields. Barn owls consume a large number of
rodents annually. However, no replicated scientific study has yet shown how effective barn owls
are at reducing pocket gopher populations in alfalfa fields, although recent investigations have
shown a reduction of small rodent numbers in areas occupied by barn owls. Additional research
is underway to better quantify the impact that barn owls have on rodent populations. At a
minimum, erecting barn owl boxes on the perimeter of alfalfa fields cannot hurt management
efforts, and may potentially help to keep pocket gopher numbers lower than they would be with
barn owl assistance.
Cultural practices. Habitat modification is an example of a cultural practice. This approach
involves altering rodent habitat to reduce its desirability for that site. This can be a good
approach for reducing pocket gopher populations in many other commodities, but unfortunately
is not as practical in alfalfa given the pocket gopher’s strong affinity for this crop.
Cultivation is a more practical example of a cultural practice in alfalfa. If you have an alfalfa
field that you are going to replant, deep ripping will eliminate many of the pocket gopher burrow
systems and will kill some pocket gophers in the process. Destroying the burrow systems helps
slow down potential reinvasion into fields, and when combined with an aggressive pocket gopher
management program post-cultivation, can provide a “clean slate” for a newly planted alfalfa
field.
Flood irrigation. Where still feasible, flood irrigation can help control pocket gopher
populations. When a field is flooded, the pocket gophers come to the surface to avoid drowning.
When at the surface, they can be picked off by a number of predators; growers and their dogs can
also actively seek out pocket gophers at this time to further reduce populations of these
damaging pests.
Gas explosive device. This instrument injects a mixture of propane and oxygen into the burrow
system and then ignites this mixture thereby potentially killing the burrowing rodent through a
concussive force. This approach has the added benefit of destroying the burrow systems, which
should slow down reinvasion rates by burrowing rodents. However, studies have not shown it to
be overly effective for many burrowing rodent species. Additionally, there are potential hazards
associated with this device including damage to buried pipes and cables, injury to the user, and
the potential to catch things on fire. These devices are also quite loud; as such, they are not
practical for use in or around residential areas. That said, this device does kill some pocket
gophers and may be useful in some specialized settings, particularly where destruction of pocket
gopher burrow systems is required.
Repellents. No substantive studies have shown that chemical repellents effectively keep pocket
gophers from inhabiting fields. However, a recently registered repellent called Protec-T (active
ingredient is methyl mercaptan) has shown some repellency in a minimally replicated study in
alfalfa (R. Baldwin, unpublished data). The product is added to irrigation water and fed through
subsurface drip irrigation (SDI) tubing. If effective, it could be a good tool to use to supplement
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other management strategies in SDI alfalfa fields, but additional research is required to provide a
more robust assessment.
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ALFALFA WEEVIL MANAGEMENT & RESISTANCE ISSUES
Kevin W. Wanner1, Ian M. Grettenberger2, Erika Rodbell3 and Madison Hendrick4
ABSTRACT
The alfalfa weevil is a key insect pest of alfalfa in the western US. For decades, inexpensive and
effective pyrethroid active ingredients have been used to maintain weevil populations below
economically damaging levels. During the last few years, producer reports of the failure of
pyrethroid insecticides (mode of action group 3A, MoA3A) to control alfalfa weevil, even after
multiple spray applications, have increased. Research to quantify the level of pyrethroid
resistance, and its distribution in the western region, has identified populations in six states that
are highly resistant to lambda cyhalothrin, the most commonly used pyrethroid. Several different
pyrethroid active ingredients are registered as a variety of commercial formulations for use in
forage alfalfa crops. Data collected to date indicates cross-resistance between these different
pyrethroid active ingredients, rendering the entire MoA3A class of active ingredients ineffective
against populations that have developed resistance.
INTRODUCTION AND RESULTS
Alfalfa weevil (Hypera postica) is one of the most damaging pests of alfalfa in the US, and
approaches to prevent damage have remained largely unchanged for several decades. During the
last few years however, alfalfa producers in the western region have reported increasing
problems managing this pest. The alfalfa weevil is native to Eurasia and North Africa where it
feeds on alfalfa and related native plants and was introduced into the US at least three separate
times. The three introductions are called the western (Salt Lake City UT in 1904), Egyptian
(Yuma AZ in 1939), and eastern (Maryland in 1952) races. This introduced pest has now spread
throughout the continental US and parts of Mexico and Canada.
Adult female alfalfa weevils lay their eggs within alfalfa stems. After eggs hatch, the tiny new
larvae feed inside the developing leaf buds. As the larvae grow larger, they begin feeding on
open leaves, at which point they cause the most damage. High populations can consume most of
the leaves, giving the field a white, frosted appearance and reducing yield and forage quality.
Alfalfa weevil management recommendations are rooted in integrated pest management (IPM)
principles: scout and identify the pest; monitor pest numbers; if pest numbers exceed the
economic threshold, employ available management tools (chemical, cultural, physical and
biological tactics) in a coordinated way to reduce pest numbers below the threshold. Larvae can
Key Words: Alfalfa weevil, pyrethroid, resistance
1 Kevin

W. Wanner (kwanner@montana.edu), Associate Professor of Entomology and Extension Specialist, Montana State
University, Department of Plant Sciences & Plant Pathology, Bozeman, MT 59717-2230
2 Ian M. Grettenberger (imgrettenberger@ucdavis.edu), Cooperative Extension Specialist, University of California Davis,
Department of Entomology and Nematology, Davis, CA 95616-5270
3 Erika Rodbell (earodbell@gmail.com), graduate student, Montana State University, Department of Plant Sciences & Plant
Pathology, Bozeman, MT 59717-2230
4 Madison Hendrick (mlhendrick@ucdavis.edu), graduate student, University of California Davis, Department of Entomology
and Nematology, Davis, CA 95616-5270
In: Proceedings, 2021 Western Alfalfa and Forage Symposium, Reno, NV, Nov.16 – 18, 2021. UC Cooperative Extension, Plant
Sciences Department, University of California, Davis, CA 95616. (See http://alfalfa.ucdavis.edu for this and other alfalfa
symposium proceedings.)

35

be monitored using a sweep net or by shaking alfalfa stems in a bucket. An average of 20 larvae
per sweep or 1.5 – 2.0 larvae per alfalfa stem are commonly used thresholds. Once the economic
threshold has been met, insecticide sprays can be used to reduce pest numbers and preserve
yield, or, if the field is within 7-10 days of being harvested, it can be cut early to prevent yield
loss.
Inexpensive and effective sprays of pyrethroid active ingredients (mode of action group 3A,
MoA3A) have been used extensively for several decades to manage larval populations in alfalfa
fields. This repeated use of pyrethroid insecticides has brought with it the threat of insecticide
resistance, which could render these materials ineffective. Synthetic pyrethroids are a large class
of insecticide with active ingredient names like permethrin, cyfluthrin, cyhalothrin and
cypermethrin and trade names such as Baythroid, Mustang Maxx and Warrior, among
many others. Failure of insecticide application and suspicion of resistance have been reported by
growers and agriculturalists in seven western states as well as the province of Alberta in Western
Canada (Rethwisch et al. 2019).
A collaborative project to quantify the level of pyrethroid resistance and characterize its
distribution in Western US states was initiated in 2019 with support from the USDA NIFA
Alfalfa Forage Research Program. Determining the current scope of resistance, as well as
identifying if populations are still susceptible, is a crucial initial step in developing a response to
pyrethroid resistance in alfalfa weevil.
A field trial in southern Big Horn County Montana using an ATV ground application confirmed
producer reports of pyrethroid insecticide failure in this area (Fig. 1). Lambda cyhalothrin (MoA
3A) applied at the high label rate failed to reduce larval populations two weeks after treatment
relative to untreated check plots. An insecticide with a different mode of action, Steward (MoA
22A), effectively reduced the population by 94% (Fig. 1). Interestingly, permethrin, a Type I
pyrethroid, provided intermediate control of larvae in this population, compared to lambda
cyhalothrin, a Type II pyrethroid (Fig. 1).
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Figure 1. Mean number of alfalfa weevil larvae (x̅ ± stdev) per ten sweeps 13-days after treating
field plots located at site 1 Big Horn County, MT, with lambda-cyhalothrin, permethrin and
indoxacarb at maximum label rates. Treatment effects are significant, ANOVA, (F=5.67; df= 3,
15; P= 0.012). Treatments with different letters are significantly different, p = 0.05, Tukey
pairwise comparison.
The emphasis of our project has been to measure pyrethroid resistance/susceptibility in various
alfalfa weevil populations across six western states. Laboratory bioassays use glass vials treated
with increasing concentrations of pyrethroid active ingredient. Larvae are added and then
mortality/morbidity assessed after 24 hr. These types of assays are crucial for determining just
how resistant populations are and to robustly make comparisons between populations. In these
studies, we focused on lambda-cyhalothrin, but also included other pyrethroid active ingredients
to test for cross-resistance. These additional materials were primarily tested on populations from
MT.
We have thus far documented numerous cases of pyrethroid resistance in alfalfa weevil
populations, as well as populations that continue to be susceptible. First, one laboratory bioassay
trial (Fig. 2) confirmed the field results reported in Fig. 1. When susceptible alfalfa weevil larvae
from Powder River County MT sites 1 and 2 were tested, larval mortality increased as the
concentration of lambda cyhalothrin in the glass vials was increased (Rodbell and Wanner,
2021). The same trend, however, was not observed for larvae collected from Big Horn County
MT sites 1 and 2, where mortality from lambda cyhalothrin never exceeded 30-50% even at the
highest concentrations tested (representing more than 30 times the label rate). These laboratory
results (Fig. 2) explain the complete failure of lambda cyhalothrin to control alfalfa weevil larvae
in the field trial (Fig. 1) and demonstrate extremely high resistance in this population.
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Figure 2. Concentration-responsive mortality by field site in Big Horn and Powder River
Counties. Percent mortality plotted against the logarithm of active ingredient concentration:
lambda-cyhalothrin (red symbols); zeta-cypermethrin (blue symbols); and permethrin (black
symbols).
An additional important trend was noted in this study. Bioassays using zeta cypermethrin (Type
II pyrethroid) in addition to lambda cyhalothrin (also Type II pyrethroid) suggest cross-resistance
between the different Type II active ingredients used to manage alfalfa weevil populations.
Similar to lambda cyhalothrin, mortality caused by zeta cypermethrin did not exceed 30-50%
even at the highest concentrations tested, for populations Big Horn County sites 1 and 2 (Fig. 2).
Interestingly, the higher concentrations of permethrin (Type I pyrethroid) were able to achieve
high levels of alfalfa weevil mortality, supporting the partial control observed for this active
ingredient in the field trial (Fig. 1). These results indicate that cross-resistance might not be
complete for Type I pyrethroids. However, permethrin is an older pyrethroid that is not as
effective as the next generation of pyrethroids such as lambda cyhalothrin, so its usefulness in
managing resistant alfalfa weevil populations is questionable.
In California, there are currently multiple locations with known resistance to lambda-cyhalothrin,
as determined through prior laboratory alfalfa stem bioassays or our dose-response bioassays.
We detected a gradient of resistance, with some populations showing a poor response in
mortality to lambda-cyhalothrin. At the same time, our “haphazard” sampling of alfalfa fields
where resistance was not suspected revealed populations that remained susceptible to lambdacyhalothrin and some that were moderately resistant. Some of these populations were still
extremely susceptible, with very high mortality even at very low insecticide concentrations.
This data is currently being analyzed and several trends are apparent. Populations fall into three
broad categories of resistance relative to label rates: susceptible to lambda-cyhalothrin;
moderately resistant; and highly resistant. These results suggest that the genetic basis for
pyrethroid resistance is established and wide spread in the Western US region, and pockets of
highly resistant alfalfa weevils may result in areas that frequently apply pyrethroid insecticides.
Bioassays that included zeta-cypermethrin (Type II) and permethrin (Type I) confirmed patterns
of cross-resistance observed in Montana. Pockets of highly resistant populations in Western
Region states also tended to be highly resistant to zeta-cypermethrin and partially resistant to
permethrin.
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BLUE ALFALFA APHIDS IN THE WESTERN US –
MANAGEMENT CHALLEGES AND SUCCESS VARY BY LOCATION
Michael D. Rethwisch1, Kassandra W. Allan2 and Nathan Tribby2
The blue alfalfa aphid, Acyrthosiphon kondoi, has become a major pest of United States alfalfa
production areas from the Mexican border into the intermountain areas of California, Nevada,
and Utah. This insect is problematic due to the toxin injected while feeding on alfalfa plants
multiplied by the large numbers of blue alfalfa aphids that are often present.
Populations of blue alfalfa aphid have been high the past 10 years than the previous decade, with
2020 numbers having the highest mean peak population at just under 550/sweep recorded thus
far in the 21st century.
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Geographical location is often a large factor in blue alfalfa aphid outbreak but also plays a role in
control. The blue alfalfa aphid does not survive hot summer temperatures in the low desert, and
is not known to survive freezing temperatures. In Japan, sexual morphs (female and male) have
been noted from northern colder climates, but evidence of egg production has not been
documented or been able to be found under varying laboratory conditions. This signifies that for
most of the U.S., alfalfa fields must be annually re-infested by blue alfalfa aphids flying into the
area.
What have we seen in recent years?
Low Deserts: In 2020 large migrations of winged blue alfalfa aphids were noted in early March
from water traps collecting up to 550 winged aphids in two days (approximately 275/sq ft/day).
In 2021 such migrations were not documented. The 2020 year allowed insecticide efficacy data
to be collected that compared control of the winged vs. non-winged aphids and provided data on
the feeding effects of the migrant aphids.
Data from 2020 trials indicate that distinct differences exist between insecticides for
repulsion/quick knock down of migrating adult blue alfalfa aphids into plots, and these
insecticides do not necessarily the same results for efficacy of stationary (non-winged) aphids.
Insecticides that resulted in the fewest number of winged blue alfalfa aphids were Sefina® and
Dimethoate.
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Increased yields were associated with the treatments that had fewest winged blue alfalfa aphids
although they had higher levels of non-winged aphids. This indicates that winged aphids
because of their size may be injecting more toxin into plants than smaller aphids. This factor will
need to be included in future aspects of economic thresholds. Highest yields were noted from
alfalfa treated 6 oz./acre of Sefina® and 1.0 oz./acre of Transform® WG 0.5 or more tons/acre).
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Biological controls in the low desert: Many years there are not sufficient biological controls for
blue alfalfa aphid. Because of the lack of aphid hosts during the summers, parasitic wasps that
attack blue alfalfa aphids are not present in the low desert. The few that are found must arrive in
winged migrating aphids that were parasitized prior to arriving in the area.
Many ladybeetles, especially the convergent ladybeetle (Hippodamia convergens), prefers cooler
temperatures. This species, while sometimes comprising almost 85% of the entire ladybeetles
found in alfalfa in later winter, will often decrease rapidly when daily high temperatures reach
and/or are above 85oF for several days. It is not unusual to have 90oF temperatures in February
in the low desert.
In Arizona and other western states, aphids naturally infected by an entomopathogenic fungus
(identified as Zoophthora sp. and Isaria sp.) have been observed in many alfalfa fields, with
infection rates reaching 80% during 2016-2017 (Mostafa et al., 2019). Some fungi require 80%
humidity levels for about 10 hours, which may be difficult to achieve naturally.
The commercial pathogenic fungus, PFR-97 20% WDG active = Isaria fumosorosea), is labeled
for application by several application methods including foliar as well as through irrigation, with
the latter potentially providing the necessary humidity levels. Field testing of PFR-97 in
Arizona resulted in alfalfa hay yields comparable to, and even greater, than many of the broad
spectrum insecticides, with over 0.5 and 0.17 ton per acre increase in yield compared to the
untreated control in 2017 and 2018, respectively (Mostafa et al., 2019).
Central Valley of California/late planted fields in low desert
Unlike the low desert, ladybeetles and other beneficial insects are more prominent in the central
valley, reducing dependency entirely upon insecticides for control. Disruption of beneficials by
the broader spectrum insecticides (dimethoate, pyrethoids) have been noted to result in reduced
yields by as much as 0.62 tons/acre compared to untreated alfalfa (Grettenberger et al., 2020).
This was due to more aphids in untreated alfalfa than in certain broad spectrum insecticide
treated plots due to the elimination/reduction of ladybeetles and demonstrates their value.
Similar results were also noted from a low desert trial in 2021. This situation was very unusual
in that it was very late planted alfalfa (Dec.), blue alfalfa aphids were not numerous until late
March, the field would endure almost 30 days of blue alfalfa feeding prior to harvest, and 7
spotted ladybeetles were very prevalent. In comparison to other local alfalfa at this time, this
alfalfa was slower growing. While broad spectrum insecticides provided the quickest reduction
in aphid numbers at 3 days post treatment, they also greatly reduced the numbers of ladybeetles.
Plant height measurements noted that untreated alfalfa was growing faster than most of the
broad-spectrum treated alfalfa the latter half of the experiment, and that highest growth rates
were documented from alfalfa treated with the higher rates of systemic insecticides (Sivanto®
Prime, Transform® WG). The higher rates of these chemistries provided longer control of blue
alfalfa aphids than lower rates. This resulted in higher alfalfa yields due to less stunting of
alfalfa from blue alfalfa aphid feeding, but also resulted in lower quality due to lower leaf:stem
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ratios than other treatments. The 14 oz./acre rate of Sivanto Prime had highest hay yields (2.64
tons), almost 0.6 tons/acre greater than untreated alfalfa (2.05 tons/acre).

Intermountain areas
The blue alfalfa aphid has developed into a major pest in the intermountain areas, and is reported
to be seen though much of the area. In Utah, issues were at first isolated to the southern
counties, but is now a problem throughout the region. Intermountain alfalfa is usually growing
at a slower rate than low desert alfalfa in mid-March due to cooler temperatures, and due to this
slower growth is more susceptible to damage by blue alfalfa aphid feeding. Yield losses of over
1.2 tons/acre have been reported in some instances in Utah (Ramirez, 2015).
Death of alfalfa plants can also occur from blue alfalfa aphid feeding, with reports from Utah,
Nevada and California. Economic losses of $6 million/county have been estimated by Utah
State University Extension personnel (J. Gale, pers. comm.). Intermountain alfalfa is also
thought to be affected by blue alfalfa feeding not only in the spring, but also in the fall.
Control of blue alfalfa aphids in intermountain areas is challenging, as beneficial insects are not
necessarily prevalent early in the year when aphids begin attacking alfalfa. Most insecticides
that are systemic and available for usage in alfalfa are not fully systemic but just acropetally
systemic (they move toward the growing tips, not downward toward the root system). This
poses difficulty in obtaining desired levels of insecticide control when using these products as
foliar applications, due to crop intercept relative to aphid location (which can often be on crowns
of plants early in the spring in intermountain areas). The crop intercept can also provide
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challenges when treating growing alfalfa, especially when alfalfa is 12+ inches in height, as
alfalfa below the treated areas receives very little insecticide. Aphids are somewhat protected in
these situations.
Table 1. Blue alfalfa aphid damage comparisons by geographic area

Geographic Area
Low Desert (already established
alfalfa hay that is already
growing and has been cut)
In-between

Intermountain

Alfalfa
Growth Rate
Fast

Damage from Blue Alfalfa Aphid
Feeding
Yield losses of 1,000 lbs. hay/acre

Longer period of growth. Yield losses on
newly planted hay of 1,200 lbs./acre, could
have been more if aphids had arrived earlier
in the growth cycle.
Severe. Can result in plant death of large
areas of field by feeding on plants in late
winter/early spring; loss of 2,420 lbs./acre

Medium

Slow

Management and successful control of blue alfalfa aphids is affected by growing conditions at
the various locations as there are wide differences across the west. Differences in available
products for blue alfalfa aphid also create challenges, as Transform® WG is not available for
usage on alfalfa hay in California.
Sefina® has recently been registered for usage in alfalfa hay. Sivanto® Prime has been the
industry standard for several years but changes may be on the horizon. The US EPA is currently
being sued, with the lawsuit asking the court to vacate registrations on the basis of noncompliance with the Endangered Species Act. Flupyradifurone (Sivanto®) is one product in the
pending case.
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USING DRONES TO CONTROL PESTS IN ALFALFA
RF Long1, X Li2, K Giles3, JT Andaloro4, EB Lang5, LJ Watson6, B Reynolds7, I Qandah8
ABSTRACT
Integrating drones (unmanned aerial vehicles, UAV) as a new method of pesticide application
into existing commercial crop protection systems requires extensive research and comparison to
conventional, proven application technology. Spray performance, expressed as efficacy against
target pests, spray quality expressed as coverage, and chemical residue are three key criteria for
evaluating the new technology. We investigated and compared these quantitative parameters
between a multi-rotor electric UAV, conventional piloted airplanes, and a ground sprayer rig in
three commercial alfalfa fields in California in 2020-21. Effective and equivalent control of leaffeeding insect pests was achieved with all three methods when delivering Prevathon® and
Vantacor™ insect control (chlorantraniliprole) at the same active ingredient labeled use rate in
different spray volumes (2, 5, and 10 gpa) on alfalfa (Vantacor registration expected in 2022).
Residue levels and spray coverage were also comparable and consistent between the UAV and
airplane applications across three sampling techniques as measured by residue levels on alfalfa
foliage, insecticide recovery from filter paper sentinel targets, and spray coverage on water
sensitive cards. Differences in droplet size and deposit characteristics were more variable for the
UAV than airplanes based on analysis of deposition images. The results of this study provide
confidence supporting the use of drones for pesticide application on agricultural crops.
According to the parameters tested, UAV application quality and crop protection performance
were comparable to that of the conventional fixed wing airplane and ground applications.
However, the droplet spectrum and the short-term fate of droplets from unmanned aerial spray
system may require further characterization and optimization for reliable crop protection.
Keywords: Drone, UAV, pesticides, insect pest control.
INTRODUCTION
Use of drones (UAV, unmanned aerial vehicle) for pesticide applications in agricultural crops is
increasing commercialized and becoming a reality for farm production. Drone technology
potentially provides an additional tool for growers to control pests on farms, supplementing
traditional ground and aerial spraying practices. This could be especially helpful where there's a
shortage of farm labor for applying pesticides or for small, tough to reach places that require spot
treatments.

RF Long, UCCE Farm Advisor, Yolo Co, 70 Cottonwood St., Woodland, CA 95695, email: rflong@ucdavis.edu;
Stine Research Center, FMC Corp., Newark, USA; 3Biological & Ag Engineering, UC Davis; 7Leading Edge
Aerial Technologies, CA; 8Technical Service Center, FMC Corp., Clovis, CA. In: Proceedings, 2021 Western
Alfalfa and Forage Symposium, Reno, NV, 16-18 November 2021. UC Cooperative Extension, Plant Sciences
Department, University of California, Davis, CA 95616. (See http://alfalfa.ucdavis.edu for this and other Alfalfa
Symposium Proceedings).
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Drone trials, 2020-21. We compared the performance of a small six-rotor UAV sprayer (PV35X,
Leading Edge Associates) versus a traditional manned airplane and ground sprayer rig for
applying insecticides for controlling armyworm and alfalfa caterpillars in alfalfa hay fields in the
Sacramento Valley. These summer worm pests can be highly damaging to alfalfa as the larvae
feed on the foliage, causing significant losses in yield and forage quality if left uncontrolled. We
conducted trials in two alfalfa fields using Prevathon® insect control at 16 oz/ac and in a third
field with Vantacor™ insect control at 1.38 fl oz/ac (= 0.054 lb/acre chlorantraniliprole, active
ingredient for both insecticides), along with surfactants.
In our 2020 trials using Prevathon® insect control, fields A and B were divided into two
sections each, with one area sprayed by conventional airplane, and the other by drone to compare
the performance of each application method. The application volumes were 5 and 10 gallons per
acre (gpa) for both drone and airplane. For the 2021 efficacy trial using Vantacor™ insect
control, field site C was divided into three sections with one area sprayed by ground rig, and the
other two areas by drone. The drone spraying was tested at two application volumes of 2 and 5
gpa, respectively, and the spray by the ground rig was at the application volume of 10 gpa. Note
that 2 gpa is the minimum aerial labeled rate for aerial application of Vantacor™ insect control.
Spray cards (water sensitive paper) were positioned in the alfalfa canopy prior to
spraying to assess spray coverage for both the drone and airplane applications. Plant samples
were taken after the fields were sprayed to determine the residue concentrations of
Prevathon® and Vantacor™ insect control on the alfalfa plants. We also took summer worm and
natural enemy counts before and after spray treatments using a standard sweep net to compare
the efficacy of the different spray application methods on summer worm control and secondary
impacts on beneficial insects.
RESULTS AND DISCUSSION
The spray cards revealed that the drone and airplane insecticide application methods had
equivalent spray coverage. The drone application had a bit more variability in terms of spray
deposition uniformity than by airplane. This was not due to inherent qualities of the drone, but
instead that the drone-based spray technology may require more optimization. Airplanes have
been used for applying pesticides for decades and that technology is refined. Drones are new and
there's a bit more work that needs to be done to fine tune them for optimum pest control in crops,
such as exploring different nozzle types for maximum coverage. While more research is
underway, our results show that effective drone applications can be made now with commercial
equipment.
There were few differences in the residue concentrations of Prevathon® and Vantacor™
insect control on the alfalfa plants between the drone and airplane application methods for 2, 5
and 10 gpa spray volumes (Figure 1). Likewise, there were no significant differences in summer
worm counts between the three treatment methods with drone, ground rig, and airplane
applications significantly reducing summer worms compared to the untreated control at 2, 5 and
10 gpa spray volumes at 3-7 days after treatment, DAT (Figure 2). Prevathon® and Vantacor™
insect control conserved natural enemies in both application methods, with no visible impacts to
predators (e.g. ladybird beetles) or parasitoid wasps that were found in a 50:50 ratio in fields
(Figure 3).
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CONCLUSION: FUTURE OF DRONES IN CALIFORNIA
Drones are a promising and viable option for aerial application of insecticides for pest control in
alfalfa fields. Overall, summer worms were controlled equally well with Prevathon® and
Vantacor™ using drone, ground sprayer rig, and manned airplane insecticide application
methods. California now has a specific UAV ("unmanned") ag pilot license category which
means that, for most commercial applications, the pilot of the drone is not required to have a
commercial pilot certificate, only the FAA UAV certificate and the CA DPR license.
A current limitation for the use of drones for aerial spraying of crops is the 55-pound
weight limit mandated by FAA regulations (Federal Aviation Administration) for the category of
“small” UAV’s. Some drone companies, such as Yamaha, have obtained certification for
handling more than 55-pounds in the U.S. and many others are in the process. This will help to
pave the way for more people to use drone technology on a larger scale in crop production.
Additionally, an industry-wise UAV Task Force is being formed to coordinate the development
of labels and standards.
Field Site A, 10 gpa

Field Site C, 2 and 5 gpa

Field Site B, 5 gpa

Figure 1. Prevathon® (Field A, B) and Vantacor™ (Field C) insect control insecticide residue
concentrations on alfalfa plants showed equal coverage for drone and airplane application
methods at 2, 5, and 10 gpa.

Field Site C, larvae pest counts

Figure 2. Prevathon® and Vantacor™ insect control showed excellent summer worm control by
drone, ground, and airplane application methods at 2, 5 and 10 gpa, 5-7 DAT, compared to the
untreated control, dashed line with pre-treatment counts 30-70 summer worms/10 sweeps.
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Field Site C, natural enemy counts

Figure 3. Prevathon® and Vantacor™ insect control showed no adverse impacts to natural
enemies (predators and parasitoid wasps) for drone, ground, and airplane application methods at
2, 5, and 10 gpa, 3-7 DAT, compared to the untreated control, dashed line showing 5-20 natural
enemies/10 sweeps.
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OPTIMIZING OVERHEAD IRRIGATION SYSTEMS
Matt Yost, Jonathan Holt, Jody Gale, Mark Nelson, Trent Wilde, Earl Creech, Niel Allen1
ABSTRACT
Drought is common in the West and producers need research-based irrigation strategies to stretch
limited water supplies. Various pivot irrigation technologies such as low-elevation sprinklers and
mobile drip irrigation have promising water-saving potential; but the investments required for
these technologies can sometimes be too great to incentivize producers to adopt. Several wellknown and less-expensive strategies exist. These strategies include regular maintenance of
irrigation systems, reducing irrigation rates, and advanced irrigation scheduling. Although these
strategies seem simple and straightforward, several irrigation professionals indicate that many
growers still struggle to utilize them. Furthermore, many of these strategies have not been tested
with experimental rigor. Therefore, the objective of our study was to identify which inexpensive
water management strategies may maintain yield with less water. An experiment was conducted
at 12 commercial alfalfa (medicago sativa L.) fields in southcentral Utah in 2019-2021. Alfalfa
was cut and harvested 2 to 4 times each year. Existing sprinkler equipment (regulators, nozzles,
sprinkler bodies) on these pivots ranged from 3 to over 20 yr old. Three equipment (existing,
new, new with 10% rate reduction) treatments were implemented on one span (4th-6th tower) of
the pivot at each site. Four irrigation scheduling treatments (grower schedule, irrigation
scheduler application, soil moisture-based, and a commercial model [FieldNET Advisor®]) were
also implemented on 16 adjacent sectors (each ~50 ft wide). Results showed that new irrigation
equipment did not consistently improve alfalfa yield at any of the fields in 2019 and 2020. Five
of 51 cuts across fields and years had an average alfalfa yield increase of 0.3 tons/acre, but these
five cuts were not consistently at the same fields. Likewise, 10% reductions in irrigation rates
rarely impacted alfalfa yield. Six of 51 cuts had an average yield decrease of 0.4 tons/acre and
the decrease did not consistently occur at the same fields. The three advanced irrigation
scheduling approaches did not consistently improve alfalfa yield compared to the yield produced
by the cooperating grower’s irrigation schedule. They did, however, often reduce water use by
up to 15% in some cuts and in some fields. These results suggest that many growers could cut
irrigation rates by 10% without adversely impacting alfalfa yield, and that worn sprinkler
equipment may not be causing as much non-uniformity issues as expected. Advanced irrigation
scheduling approaches may have more potential to reduce irrigation rates than improve alfalfa
yield and should be considered where water optimization is desired or required.
Key Words: alfalfa, drought, irrigation scheduling, pivot maintenance, soil sensors
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IRRIGATION IS HIGH PRIORITY
Irrigation can be one of the most challenging inputs to manage in forage production because it
requires constant adaptation to weather conditions, and usually involves at least 8-10 and
sometimes more than 20 decisions each season about the timing and amount of irrigation to
apply. In addition to these complexities, alfalfa does not always receive the “irrigation attention”
that it needs, perhaps because it is perceived as a crop that tolerates drought and difficult
growing conditions well and/or efforts are sometimes shifted to other crops perceived as more
lucrative. Regular feedback from Extension, irrigation professionals, and crop advisors confirm
these challenges, and suggest that concentrated effort on irrigation maintenance and innovation
should be a high priority for alfalfa and forage production.
IRRIGATION STRATEGIES
Multiple technologies and strategies for advanced irrigation exist, but investments and skill
required for these strategies vary widely. One common approach to advanced irrigation is new
pivot irrigation technologies such low-elevation spray application (LESA), low-energy precision
application (LEPA) nozzle systems and mobile drip irrigation (MDI). These technologies show
promise and have documented increases in alfalfa yield through improved irrigation uniformity,
coupled with frequent water savings. These investments [(additional ~$15, $75, $140/acre for
LESA, LEPA, and MDI, respectively beyond a
mid-elevation spray application (MESA)] in
new pivot technologies can sometimes be too
large for some alfalfa growers to adopt these
practices. Several other less expensive
strategies to improve irrigation management
exist. Some of these include:
• regular maintenance of irrigation
systems (replacement of worn irrigation
nozzles, pressure regulators, and other
equipment; Figure 1).
• reducing irrigation rates to avoid slight
over-irrigation.
• advanced irrigation scheduling.
Prioritizing which method(s) of irrigation and
irrigation equipment management might
Figure 1. Moss debris clogging pivot
improve alfalfa yield and quality will help
sprinkler.
growers improve their profits, and deal with
diminishing water supplies that are prevalent across the Intermountain West.
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WHY SCHEDULE IRRIGATION?
The short answer is because yield, forage quality, and profit in irrigated agriculture are directly
and heavily influenced by proper irrigation schedules. Arriving at the ideal irrigation schedules
can, however, be quite complex. Some of the major benefits of irrigating with the proper
frequency and amount are:
• optimize production and profit.
• improve irrigation efficiency.
• decrease excessive deep percolation below the root zone.
• decrease runoff.
Irrigation frequency options are sometimes limited by the timing of water availability and
irrigation delivery systems. However, opportunities to refine irrigation schedules usually still
exist for most applications. Irrigation rates can almost always be adjusted when using sprinklers,
and irrigations can often be concentrated at critical times despite water schedule constraints.
Restricted irrigation options are often cited as a reason not to attempt to set the right rate and
timing of irrigation. The important concept here is to accurately define the irrigation need, and
then do everything in your power to meet the irrigation need of your crop.
HOW TO SCHEDULE IRRIGATION?
Modifying irrigation schedules can be one of the simplest and most inexpensive ways to improve
water management. The first step to selecting a schedule is water measurement and monitoring.
The importance of this cannot be overstated. Inaccurate water measurements will thwart almost
all other efforts to refine irrigation management. This can be as easy measuring water volume in
buckets placed under moving sprinklers. The more accurate and continuous measurements can
be obtained with flow meters.
Irrigation schedules for sprinklers can usually be easily modified by changing flow rates,
irrigation set lengths, nozzle size, and other methods. The premise of the selecting the right
schedule is to apply rates/frequencies that do not exceed soil intake rates, do not exceed the
maximum allowable soil water depletion between irrigations, and meet crop water use or
evapotranspiration (ET) demand. This approach will reduce or prevent runoff and unnecessary
water losses. Several methods exist for selecting irrigation schedules. Some of the major types
include:
•

Irrigation scheduler systems that utilize weather data to estimate ET, calculate water
balances, and recommend irrigation schedules according to maximum allowable
depletion for each soil type are a great way to start scheduling irrigation. The Washington
State University Irrigation Scheduler (Figure 2) is one of the widely available free
programs in the Intermountain West (weather.wsu.edu/is/). Although it is a free
application, it does require time to setup fields, input irrigation amounts, and interpret and
apply the schedules it recommends.
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•

Monitoring soil moisture by hand using the feel method,
or a with variety of soil moisture sensors. Many new soil
moisture sensor companies (Figure 2) have now
developed ways to access soil moisture data remotely on a
computer, phone, or other device – making data more
accessible than before. Utilizing this approach requires
equipment purchase/rental, installation, and maintenance,
along with subscription costs for remote access of soil
moisture data.

•

Commercial scheduler programs that utilize crop growth
models, soil characteristics, and ET estimated from
satellite or aerial imagery are also available mainly for
use with pivot irrigation. One of the available programs
and services, among many, includes the FieldNet
Advisor® program by Lindsay Corporation (Figure 2).
Many of these programs have the ability to send
prescriptions directly to pivots for autonomous irrigation.
They general include subscription costs and time to setup
fields, input crop management details and to apply
schedules.
COST OF SCHEDULING

Advanced approaches to irrigation scheduling sound great, but can
I really afford them on my farm? While it is difficult to compare
the cost of large variety of scheduling approaches, we provide
some general guidelines below for equipment costs (not including
labor nor inflation – which are highly variable). Soil moisture
sensing costs are highly dependent on what equipment and data
access options you want, but generally plan on at least about $3
per acre per year for these. The irrigation scheduler is a free
application, but does require frequent manual input of irrigation
data. FieldNet Advisor currently costs roughly $4 per acre per
year. As you explore these options, be sure to remember that
returns (improved yield/quality or reduced water/energy costs)
from irrigation scheduling approaches need to outweigh the costs,
and that you plan to adjust your irrigation based on the data you
collect.
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Figure 2. Soil moisture sensor
program developed by
MeterGROUP (top), irrigation
scheduler program developed by
Washington State University
(middle), and FieldNet Advisor by
Lindsay Corporation (bottom).

RESEARCH RESULTS
In 2019, a study was established on 12 alfalfa fields in
southcentral Utah to test several irrigation strategies that
might stretch limited water supplies (Figure 3). On each
pivot, a single span (normally the 4th to 6th span from the
center point) was split into three sections of each size. On
two-thirds of the span, new sprinkler equipment (nozzles,
regulators, sprinkler) of the same brand and type were
installed (Figure 4). One of these thirds had slightly smaller
nozzles that were designed to apply 10% less water than the
other two-thirds. This allowed us to test how new sprinklers
and a 10% reduction in water rates might influence alfalfa
yield and water use. In each of the thirds, four alfalfa yield
samples were collected each cutting by harvesting 10 ft of
the windrow (15.5 ft wide) for each sample. The study was
repeated in 2020 at 10 of the same fields as 2019.

Figure 3. Location of the 12 test
pivots .

On the same pivots, four irrigation schedules were
tested. Irrigation rate but not timing was the
difference between irrigation schedules. We
intended to adjust both rate and timing but this was
not possible when working in production fields. The
four schedules were the i) grower’s conventional
irrigation rate and timing; ii) a rate based on soil
moisture sensors (Teros 10 water content sensors)
installed to 3 ft at a single location in each field, iii)
rate determined by the irrigation scheduler
application with weather data collected on-site; and Figure 4. Design of the sprinkler
iv) rate recommended by Lindsay FieldNet Advisor. maintenance and rate reduction
Each of the four irrigation schedules were replicated experiment. One-third of a single span on
four times utilizing four large sectors in 2019 or 16 each of the 12 test pivots was modified in
this manner.
smaller sectors with four replications of each
schedule in 2020 and 2021. Pivot control panel
updates were required on many pivots to make automated control and FieldNet Advisor
operational. These updates were problematic on several pivots and resulted in only 9, 6, and 6
fields with schedule treatments in 2019, 2020, and 2021, respectively.
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1. Maintaining Irrigation Equipment.
In 2019 when the study begin, the age of the sprinkler
packages on the 12 pivots ranged from 3 to 20 years.
The average wear on the nozzles was assessed by
measuring the inner diameter of the nozzles with a
caliper and comparing it to the design diameter. Nozzle
wear ranged from 0 to 2% across the sites. Regulator
wear was assessed by measuring pressure on the outlet
site with 40 psi on the inlet side. Regulator wear ranged
from 1 to 50% across the sites.
Replacement of sprinkler equipment impacted alfalfa
yield in only 3 of 37 (8%) cuts in 2019 and 2 of 19
(11%) in 2020 (Figure 6). These yield improvements
did not always happen on fields with the oldest
sprinklers. They also did not consistently occur on the
same farm across cuttings, but rather random cuts at
various farms had yield improvements with new
sprinklers. This indicates sprinkler parts may last
longer than anticipated.

Figure 5. Screenshot of FieldNet that
shows an example design of the
irrigation schedule study. Each pivot
had 16 small sectors with four
replications of four irrigation
schedules.

Figure 6. Summary of the impact of new sprinklers on alfalfa yield at
test fields in 2019 and 2020. Green (+) indicates that yield was
improved, orange (-) indicates a reduction in yield, and blue was no
impact on yield.
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2. Reducing Irrigation Rates.
The 10% reductions in irrigation rates rarely impacted alfalfa yield in 2019 and 2020. In both
years, there were a couple cuttings that had increased yield with less water. Overirrigation was
not an issue on these sites so its unclear why their was a yield increase. Of more interest was
whether irrigation reductions decreased yield. In 2019, only 2 of 37 (5%) cuts (Figure 7) had
reduced yield with less water, and reductions occurred in different fields for various cuts. The
low frequency of yield reductions was likely related to the weather in 2019. The spring and early
summer was much wetter than normal at nearly all the sites. The average reduction in yield at
these two cuttings was 0.44 tons/acre. In 2020, only 4 of 19 cuts (21%) had yield reductions with
10% less irrigation. This was likely related to the extremely low precipitation in 2020. Many
sites received no rainfall for several summer months. The four cuttings in 2020 had an average
yield reduction of 0.37 tons/acre. This indicates frequent opportunities for slight cutbacks in
irrigation rates without impacting production, especially in years with more precipitation.

Figure 7. Summary of the impact of new sprinklers on alfalfa
yield at test fields in 2019 and 2020. Green (+) indicates that
yield was improved, orange (-) indicates a reduction in yield,
and blue was no impact on yield.
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3. Irrigation Scheduling Approaches.
The advanced irrigation scheduling approaches only impacted yield at 5 of 47 (11%) alfalfa
cuttings across 2019-2021 at a total of 10 different fields. Only one site had repeated effects of
irrigation schedules (Farm 4, Figure 8). This site was the only site where advanced irrigation
schedules improved alfalfa yield in a single cutting in 2019 and 2020. At the other three sites,
advanced irrigation schedules maintained or slightly reduced yield in some cases. These results
demonstrated that advanced schedules had minor impacts on alfalfa yield.

Alfalfa Yield (tons/acre)

Water use differed among the irrigation schedules, and differed by year. The 2019 growing
season was much wetter than normal in the spring and early summer. By contrast, 2020 was drier
than normal and 2021 was extremely dry with severe water shortages on many of the fields. In
all three years, soil moisture sensors recommended among the lowest irrigation amounts. Field
Net Advisor recommended more irrigation than all other methods in 2020 and 2021. The
irrigation scheduler recommended similar or slightly more irrigation than the soil moisture
sensor approach. The conventional irrigation schedule utilized by cooperating growers was often
near the amount recommended by other approaches. These results indicate that irrigation
scheduling may have more potential to save water than to improve yield.
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Figure 8. Impact of irrigation schedules on alfalfa yield at 5 of 47 cuts where it was tested during
2019-2021. Yield was not impacted by schedule at the other 42 cuttings.
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Figure 9. Average water use across farms for four irrigation schedules. 2019 was a wetter than normal
year and 2020-2021 were both dry years.

CONCLUSIONS
This study suggests that many growers could cut irrigation rates by 10% without adversely
impacting alfalfa yield, and that worn sprinkler equipment may not be causing as much yield loss
and non-uniformity issues as expected. Advanced irrigation scheduling approaches may have
more potential to reduce irrigation rates than improve alfalfa yield and should be considered
where water optimization is desired or required.
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ALFALFA ON SUBSURFACE DRIP IRRIGATION (SDI) – PROS AND CONS
Douglas Larson, Ag Water Chemical
ABSTRACT
Early adoption of subsurface drip irrigation in the United States arguably took place over forty
years ago. In that time, the process has become much more refined in large part due to
innovation in drip products and the knowledge obtained from early adopters and researchers.
These early systems typically consisted of light walled drip tape developed for above ground
applications, often installed without flush manifolds, adequate vacuum relieve valves or pressure
compensating emitters that are common throughout the industry today. With no effective ability
to flush sediment from the drip lines, as well as emitter openings that were susceptible to root
intrusion, it was considered to simply be a matter of time before the distribution uniformity of
the irrigation system would be compromised. Life expectancy was often estimated to be short
lived…certainly less than ten years.
Buried systems of today have emission devices and flow paths designed specifically for
subsurface applications. The ability to flush sediments and impurities with proper velocity at
each individual zone is now commonplace. Air relief, pressure sustaining and/or reducing valves
are incorporated when needed, filtration systems and flush lines properly sized and installed, as
well as water quality maintained to increase system longevity and distribution uniformity. If
properly maintained, these systems can and have performed effectively far beyond those early
expectations of half a dozen years, with proven life spans of ten, fifteen, twenty years and
beyond. Creating a much more viable option for those wishing to adopt the technology.
Subsurface applications continue to have obstacles. The majority of which can be overcome to
allow for increased efficiencies in water, soil, and plant nutrition…contributing to better plant
health, higher yields and an increased return on investment under SDI. The key of which can be
planned for through a deep investigation of pros and cons to subsurface drip irrigation in advance
of adopting the technology. To benefit from the advantages of applying water directly to the
active root zone, rather than simply overapplying water to the soil surface in the hope that the
proper amount of water will infiltrate into the soil profile, growers must learn to manage these
systems properly. Adopting or changing cultural practices to better align with the newly
incorporated ability to apply water directly to the soil profile is an important step in realizing the
benefits of SDI systems on alfalfa.
As such, this paper provides an overview of key points related to the Pros and Cons of
subsurface Drip Irrigation (SDI), specifically related to alfalfa production. It is intended as an
introductory overview for those interested in gaining a basic understanding of the considerations
Douglas Larson, National Sales Manager, Ag Water Chemical, Fresno, CA. Email:dlarson@agwaterchemical.com.
In: Proceedings, 2021 Western Alfalfa & Forage Symposium, Reno, NV 16-18 November, 2021.
(http://alfalfa.ucdavis.edu).
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necessary prior to installing an SDI system on alfalfa. Each of these topic areas can and should
be explored further. Experienced professionals can assist producers as they explore options
specific to their individual operations. Readers will gain a greater understanding of key
considerations to subsurface drip on alfalfa.
Key words emboldened:
Alfalfa on Subsurface Drip Irrigation (SDI) – Pros and Cons
Increased efficiencies:
The idea behind drip has always been to place the precise amount of water at or near the root.
Decreasing evaporation and soil erosion, while simultaneously allowing for the spoon feeding of
water and other nutrients directly to the root zone…increasing efficiencies and sustainability
factors. In most SDI applications, irrigation water never actually reaches the soil surface, further
reducing evaporation, waste and weed pressure. As irrigation water is applied with much
greater precision, inadvertent leaching can be managed much more closely to conserve precious
resources. All the while, increased precision in the application of water supports improved crop
health and yield.
Nutrients:
SDI allows for nutrients to be spoon fed directly to the effective root zone, providing timely
delivery and uptake through the root system, reducing leaching of nutrients below the root zone,
often resulting in reduced application rates. As these nutrients are transported via water
infiltrating the soil profile, insufficient irrigation can leave soil dry between lateral drip lines
creating uneven distribution of needed nutrients. Thus, to maximize resources, close crop
analysis and management tools such as soil moisture monitoring are imperative to understanding
crop needs and nutrient movement in the profile.
Energy:
SDI systems are considered low-pressure closed systems utilizing a mere eight to twelve pounds
of pressure at the tape, resulting in a reduction of energy usage as compared to high pressure
irrigation systems. However, sand-media filtration pressure requirements are often in the 40-psi
range, along with pipe sizing and distance requirements dictating higher pressure needs. Thus,
drip does not always present the low energy cost option. Generally, drip is a higher energy user
than flood irrigation systems, but lower than that of pressurized sprinkler systems, so energy
savings may be negligible and site specific.
Plant longevity:
Irrigation cycles for non-SDI alfalfa fields often have an approximate two-week time interval
between applications, as the time between laying down the crop and bale removal is not
conducive to a quick irrigation schedule. SDI allows many growers to shorten this time frame
down to a 7 – 10-day cycle. This may seem insignificant, but this shortened cycle allows for the
alfalfa plant to recover and begin regrowth much more quickly. Keeping the crop more closely
aligned with desired cut and regrowth cycles, increasing plant health and the potential for
higher yield and quality. Some growers have even experienced an ability to keep their SDI
alfalfa fields in production longer than they had experience in flood operations.
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Soil characteristics and topography:
Soil characteristics play an important part in drip design, as understanding the likely movement
of water through the soil profile is hugely impacted by soil type. Drip designers closely evaluate
soil data to better select proper drip lateral spacings, depth, zone size, emitter spacing and flow
rate. In the case of soils that are more susceptible to compaction, this may dictate the need for
precision insertion of drip line laterals to allow for deep ripping operations. At 40,” the most
common tape spacing for alfalfa adapts well to this scenario. Although, SDI users commonly
experience a more mellowed soil condition over time due to the sub-terranean nature of SDI,
rather than the compaction realized from above ground applications of irrigation water,
compaction remains an important consideration.
Additionally, the feast or famine cycle of flood irrigation operations can reduce soil
permeability, reduce oxygen movement in the profile for periods of time while flooding out crop
stands at the lower end of the field and eroding vulnerable soils. All of which negatively affect
soil, plant health and yield. Irrigation timing must be aligned with field operations, allowing
heavy equipment to enter the field without damaging drip lines. Well managed SDI systems
commonly lead producers to find that they may very seldom or no longer need to deep rip
subsurface irrigated fields
Changes in soil type often relate closely to changes in topography, traditionally known to be an
obstacle for drip systems, as slight hills and valleys would cause fluctuations in both pressure
and flow. Today, pressure compensating emitters can help to overcome these changes in
elevation to provide a more even distribution of water. Although extreme topography continues
to limit SDI adoption in some cases, these subsurface systems do allow producers to recapture
unproductive ditches, roadways, pivot tracks and more. Still, drip tape is predominantly installed
uniformly throughout a particular field, although its consistent flows may not match the wide
variation of water demand based on soil properties throughout that certain field…an issue
common to all forms of irrigation.
System cost:
Initial cost of SDI systems can easily exceed $2,000.00 per acre. For producers accustomed to
flood irrigation, with virtually little cost above that of the water itself and its delivery to the field,
an SDI installation can appear to be overwhelming. Analysis must be done on a case-by-case
basis to better understand the potential for return on investment through increased quality and
yield, water and fertilizer efficiencies, improved plant health and longevity as well as labor
savings. There is no one-size-fits-all approach to understanding system cost or return on
investment for SDI systems. It deserves deeper consideration than a simple glance at initial
cost. With a verified useful life of a decade or more and reports of systems in use beyond 20
years, these systems can amortize well. However, quality design, product and installation should
not be sacrificed to meet low budgets and above all maintenance remains paramount to system
longevity.
Labor:
Labor costs and the scarcity of skilled farm workers is an ever-increasing issue in the ag
industry. As a result, SDI systems are often seen as labor savors when compared to most forms
of irrigation, especially with fully automated SDI. Automated or manual, these systems take
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very little labor to manage. However, installation is very labor intensive and although some
producers choose to install on their own, it is often recommended that producer’s contract with
an experienced local provider for at least their initial installation.
Qualified dealer:
Transition to subsurface irrigation has a substantial learning curve, especially when compared
to that of a flood system. The key is to find a good consultant, extension agent, supplier or other
professional who can provide guidance. A solid service provider can deliver valuable
experience and advice to a new user. With variables from soils, topography, crop, environmental
conditions, to water quality and flow the learning curve is substantial. Beyond the trusted
advisor or dealer, the producer must take an active role in the management of the system.
Knowledge, experience, and on-site evaluation…especially with alfalfa, is needed to establish
irrigation schedules. Yet, these systems can be more forgiving than expected due to their timely
and precise water application. With a well-designed system and a solid advisor, a grower can
quickly adapt to the use of an SDI system. Greater grower involvement in planning and
implementing system use leads to a smoother transition.
Cultural practices:
Flood irrigated fields commonly have a .5% to 2% downfield slope, which is ideal for the
transition to drip. However, these irrigation systems should not be scheduled in the same
manner. Flood is traditionally a feast or famine approach to irrigation, with common issues such
as soil erosion, over saturation of oxygen deprives soils or extremely dry hydrophobic soil
conditions. SDI is more of a precision application of timely water applied directly to the root
zone, so run times and frequency of irrigation is often quite different from flood. Growers will
need to adapt their cultural practices to SDI systems, rather than employ their old flood
strategies. It is critical to have a clear understanding of system capabilities along with specific
plant needs. Knowing the hourly application rate of each individual system along with closely
monitoring the soil moisture of the profile will be imperative, as excessive runtimes in some
soils can lead to preferential flows, which results in poor lateral water movement and reduced
distribution uniformity.
Germinations:
Most certainly, germination of alfalfa seed via SDI systems can be a challenge for producers,
due in large part to the shallow depth of newly sewn alfalfa seed and the soft soil structure of the
seedbed. Moving water from the buried drip lines to the soils surface is not always possible with
SDI. Producers often surge or pulse these buried systems to push water laterally, as well as
toward the soil surface. Through a series or shorter than normal irrigation events, these stacked
irrigations can better fill the complete profile. However, it is not uncommon for growers to
maintain some form of flood or sprinkler irrigation capabilities on these fields to overcome this
SDI limitation.
Sprinkling up new crop alfalfa provides for a much more uniform germination process. Preirrigating these newly planted fields through the drip system can help to fill the soil profile
ahead of seed drilling as well. However, sprinkling up these plantings remains the most
preferred method. For these new SDI plantings, drilling alfalfa seed in the fall months to assist
with germination is preferred as a means of utilizing winter moisture to help establish a full
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profile and uniform crop stand. Lack of doing so often results in an uneven crop stand in the first
year or two of production, as plants closer to drip lines flourish, while those located between
lateral lines struggle to become established.
Flood and sprinkler irrigation can work as well yet present their own set of challenges in a soft
seed bed. Especially, in those cases where field workers must carry-out various duties in these
freshly irrigated fields. These irrigation sets will often last 12 hours or more, causing very deep,
soft mud in the seedbed. This mud not only makes it difficult to walk or work in fields, but
tracks made can leave long lasting impressions, lasting far beyond the season. Additionally, with
no plant root structure to hold newly planted seed beds in place, flooded fields become highly
erodible until full germination and substantial root development takes place. These
germination challenges must be taken into consideration when designing an SDI system. Many
variables should be evaluated; flow rates, lateral and emitter spacings, depth of drip tape,
irrigation timing, soil types, etc. There can be germination limitations for other crops as
well…especially in regions with historically low spring precipitation.
Root intrusion:
Always a concern on buried drip, it is inevitable that roots will search out drip line emitters
over time. Certainly, maintaining a well irrigated soil profile helps to prevent root intrusion.
However, periodically throughout the season, alfalfa systems will be shut down allowing the soil
profile to dry, causing roots to search for alternative sources of water. Additionally, system
shutdown over the winter season can provides ample opportunity for root hairs to search out
water sources…including emitters.
Several steps can be taken to minimize this risk to the system, the first of which is to select drip
lines that are designed for this type of installation. Most manufacturers have developed heavy
walled polyethene drip tape products, some of which have a small flap of material that covers the
emission point of the emitter, to make it more difficult for soil particles, roots and other
contaminants to enter the emitter when not irrigating.
Emitters and filter disks impregnated with a herbicide have also been developed in an effort to
inhibit these root hairs from entering emitters. Released at extremely low levels, these products
can impede root intrusion by creating barriers to roots at emitter openings. In other cases,
herbicides, chlorine, acid, and other chemicals have been used to hinder, prevent, or destroy
these damaging root hairs in or near the emitter. Left unchecked, these tiny roots will likely
completely plug emitter openings, eventually rendering all or part of the drip lines useless.
Prevention and maintenance are the keys to long term success in SDI.
Rodent control:
Rodents have long been known to have a detrimental impact on crops, but they can create even
greater havoc to these subsurface systems. So much so, that it is not uncommon for irrigation
companies to discourage growers from making the switch to drip prior to getting existing rodent
issue under control.
Drip tape is manufactured with different wall thicknesses…measured in milliliters. Above
ground drip applications typically use a five or six mil tape, while buried systems commonly use

65

thirteen to fifteen mil. This heavier wall thickness provides greater system durability and
longevity, through greater resilience against sharp rocks and other objects in the soil profile. In
fact, these heavier walled tapes are typically a requirement for most government cost share
programs funding SDI systems. Additionally, the heavier wall thickness provides greater
resistance to an entire host of pests. Producers and drip installers report damage from frogs and
crickets, to insects and mice…all the way to gophers and the like. Even these fifteen-mil tapes
are no match for a gopher, as these and other rodents don’t just nibble in one location, they
damage tape indiscriminately throughout the field. Sometimes scattered up and down a
particular lateral, while in other instances chewing entire sections. Either way, one bite or an
entire section chewed, it must all be discovered and replaced.
Repairing these damaged sections is costly. Industry professionals commonly assign a $10.00
- $20.00 cost for each subsurface drip tape repair, the majority of which is the cost of labor to
discover and excavate the damaged lines. System pressure drop is the first indication of a leak in
the field, while finding an abnormally tall green patch of vegetation or puddled water at the soil
surface is simply the first step in locating a leak, as it is an indication of where the water is
surfacing. The difficult task is tracing that leak back to the buried line, as the spewing water will
often surface downfield from where the subterranean leak occurs. Once found and the soil
completely excavated to expose the leak, two couplers are used to attach a new pieces of drip
tape in place of the damaged section. Care should be taken to assure that the new section has the
proper flow and number of emitters to replace that which was removed. After the soil is
carefully replaced and the repaired section of drip line covered, the system should be purged to
assure that no soil or other impurities were ingested into the system through the damaged section.
Various strategies are used for discouraging in-field rodent activity. From mowing outer field
edges to reduce habitat, to using bates, traps and bounties to keep populations down. Owl boxes
are a common strategy to encourage natural nocturnal hunters and it is not uncommon to see bird
stands created to encourage hawks and other daylight predators as well. Each of these strategies
has its own place in an Integrated Pest Management Program (IPM). Including Protec-T, an
EPA approved deterrent to gophers in subsurface drip acres. Injected into the enclosed water
column and applied through the irrigation system at a rate of one to two gallons per acre, ProtecT can have a significant impact on driving gophers above ground…where predators, traps and
other incorporated IPM strategies can have a decimating effect on the rodent population.
Water Quality:
To a large extent, water quality is of minimal concern to sprinkler irrigators and often of even
less concern to flood irrigators. However, SDI is an entirely different situation, as water quality
issues must be discovered and properly diagnosed to overcome potential clogging issues.
Bicarbonates, minerals, iron, algae, pH and more can each have denigrating effects on drip
systems. Today, there are a wide array of products on the market to help growers battle these
water quality issues, along with numerous companies capable of assisting in the diagnosis,
prevention, and remediation of these dripline destroyers. The first course of action is always to
perform a proper water analysis when evaluating site suitability for subsurface or surface drip
applications.
Filtration:
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In addition to chemical water treatment when necessary, water filtration is of key importance,
as emitters are susceptible to clogging due to their very small orifices. Drip line manufactures
each have their own recommended specifications for the level of filtration deemed necessary for
each product line. One hundred twenty to two hundred (120 – 200) mesh filtration is the
common recommendation for drip tape products. This mesh designation is determined by the
total number of openings per one square inch. Thus, 120 mesh has 120 openings per square inch.
To understand that correlation to particle size; two hundred mesh screens filter down to the
approximate width of a human hair, so properly maintained systems can remove much of the
clogging potential in the water column.
Once a proper water analysis has been completed, determining the volume and level of filtration
is the next step, followed by the operation of the filter system itself. These systems are designed
to meet specified flow and pressure ranges. As these filtration systems remove particles from
the water column, they begin to increase back pressure, due to the contaminant load captured in
the filter unit. These contaminants must be purged (backwashed / flushed) from the system on
a regular basis to assure proper flow. This is often an overlooked detail, but this along with
pressure must be monitored closely and adjusted to match the filter specifications.
A properly designed and maintained automatic filtration system can run with very little
supervision. If flush water can be recaptured, the wastewater can be recycled and utilized,
maximizing water efficiencies. If maintained, filter systems have extremely long usable
lifespans, spreading the high cost of filtration over many years. Filter systems can often
comprise 10% - 15% of the entire system cost. Unfortunately, this causes producers to
sometimes look to filtration for cost savings, which is never recommended. Proper filtration is
an insurance policy for the entire SDI system. Thus it is not a place to cut corners. Additionally,
the dirtier the water, the more contaminants are to be removed from the water column. With this
heavier load of impurities comes more frequent backwash (flush) cycles, increasing wastewater
and energy consumption, so properly sizing and operation of filter systems is imperative.
What to do with this purged filter water is an issue to overcome right from the start as well. The
effluent is often pumped into a containment reservoir, diverted directly into the field or even into
an open ditch. Depending on the quality of water, these filters can have a significant volume of
wastewater, so growers must have a plan for this water.
Flushing the irrigation system:
Flushing or purging a system is not just intended for the filter station itself. Drip systems,
especially sub-surface drip systems, should have a regular maintenance program that includes
flushing drip lines periodically though the season, as well as after each fertilizer application.
This becomes increasingly important when using organic fertilizers, as those products tend to be
even more problematic, increasing plugging potential. Although this water has been filtered,
there are always small particles (silts, clay and debris) that pass through the filter system and
settle in the drip line, dictating the need for a purge of the entire irrigation system.
Yet, simply performing a periodic flush of the lines is not enough, it must be done properly. A
lack of proper pressure and velocity will not remove these impurities, so simply opening the end
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of drip lines will not necessarily remove these contaminants. There must be sufficient velocity to
remove the sedimentation. The commonly accepted practice is to flush laterals at a velocity of
one foot per second. If too many lateral lines are opened at one time, the velocity and flow are
reduced below this desired level…which translates into an ineffective flush. In today’s SDI
systems these laterals are typically tied into a flush-line at the bottom-side of the field, with two
flush-lines per single zone. Each of these lines is then purged independently to assure adequate
flush velocity. Proper flushing is imperative to SDI system longevity, so this is a must.
Unfortunately, all too often this practice is neglected.
Flow of water:
In addition to a clean water supply, drip systems also require a consistent supply of water. When
planning SDI systems, designers commonly divide the total volume of water into multiple zones.
These zones are then split into like sized sets, which correlate to the total volume of water
available. Commonly, 85% of maximum flow is factored as a safeguard to assure that relatively
small fluctuations in available volume will not compromise system performance. Even then,
multiple zones are incorporated into each set so that a large fluctuation in supply would still
allow a system to operate at proper flows by simply decreasing the number of total zones
included in each set. If a zone were designed to take most of the available water, a substantial
decrease in flow could render those irrigation zones ineffective. As such, once a system has been
designed for a particular flow rate, it is imperative that the system maintain that proper flow and
pressure to sustain the designed distribution uniformity of the system
In some areas, another common strategy to drip system design is combining multiple sources of
water into on-site reservoirs to allow for a more consistent volume of water. In turn, that flow
along with considerations for crop water needs helps to determine drip line spacing and flow.
Producers looking to transition to drip should fully consider all possible cropping possibilities.
A grower may be planning the system to support a particular crop, but it is often best to create a
more versatile system. One that can accommodate various plant row spacings and water
demands. Will the row spacing, tape orientation, drip tape depth and flow be conducive to other
cropping scenarios? The more versatile the system, the greater flexibility the producer will have
to make unforeseen adjustments over time. The key is planning, to create the most adaptable
system possible, as once installed there is very little ability to adjust flows upward, as the
infrastructure is set in place.
Salinity:
The accumulation of salinity in the soil profile is certainly an issue of concern for producers.
Although, some crops are more susceptible to the impact of excess salinity than others.
Commonly, SDI users rely on natural precipitation to assist in moving salts beyond the rootzone
of a particular crop, but Mother Nature is not always cooperative. As a result, it is not
uncommon for SDI designers to provide flood or sprinkler capabilities in these drip systems. For
example, in alfalfa SDI designs, some systems will include alfalfa valves or other valve
assemblies to allow the producer to attach sprinkler pipe or to simply flood irrigate the crop from
time to time. This provides the producer with greater system flexibility for seed germination, as
well as the ability to evenly soak the crop surface, allowing water to infiltrate the entire soil
profile, forcing salts below the drip lines and active root zone. Without this type of system, it
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can be very difficult to push accumulated salts from between the drip laterals and deep into the
soil profile. A long-practiced strategy has been to run SDI systems during natural rainfall events
to provide greater saturation as well. This creates a better pathway for salts to flow below the
root zone through the saturated profile as these salts often accumulate above and between drip
lines as normal SDI irrigation events do not typically fill that portion of the soil profile.
CONCLUSION
There are most certainly pros and cost to making the move to sub-surface drip irrigation.
Beyond the initial cost of installing an SDI system and overcoming the constrictions of land and
water, drip designers can design around most obstacles.
Yes, labor savings can be realized through the move to SDI systems and yield increases often
result from the precise and more timely availability of water and nutrients in the active root zone.
Reductions in water usage or at the very minimum better utilization of water resources is
common as well.
Greater plant health is often seen due to more timely irrigations. In the case of alfalfa, SDI often
provides for a shorter span of time between irrigations. Where flood operations often have twoweek cycles of feast or famine irrigations, flooding the bottom of fields for much longer than the
scheduled irrigation set, while drying out and even creating cracking in the soil profile between
irrigation events. Sub-surface drip allows for a shorter time interval between these irrigation
events. In turn, this helps reduce plant stress on the alfalfa plant, initiating regrowth more
quickly.
The initial keys to system longevity are quality design, components, and installation, along with
a solid maintenance program. In the early years of buried drip systems, the common expectation
was that these systems would have a useful lifespan of under ten years. Today, SDI systems
have proven to have much greater longevity. In fact, with proper maintenance, there is no reason
that the useful life of these systems should not be double that of those early systems.
The long-term key to success is maintenance. Producers should monitor pressures and flows
from the very first use of the system. Maintaining filtration systems per manufactures
specifications is imperative, while monitoring and responding to every-changing water
conditions to reduce plugging potential. Assuring that the entire system has appropriate vacuum
relief to prevent the ingestion of soil particles upon system shut down is mandatory. Producers
must proactively assure that rodent issues are controlled. And last, but not least, purging
impurities from irrigation lines through regularly scheduled and properly executed flush
protocols must take place.
Investigating whether to make the switch from flood to SDI should most certainly be done on a
well-informed, case by case basis. However, there is no reason to have deep concern for the
viability of these systems. It is a matter of finding a trusted advisor or dealer and investigating
all parameters very closely to evaluate the fit for each application, purchase quality components,
install, operate, and maintain the system properly and per specifications.
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ALFALFA AND GROUNDWATER MANAGEMENT STRATEGIES TO ADDRESS
DROUGHT AND LIMITED WATER SUPPLIES
Helen E. Dahlke, Yonatan Ganot, Nicholas Clark 1
ABSTRACT
Winter groundwater recharge, where farmland is flooded during the winter using surface water to
recharge the underlying groundwater, is a promising technology currently tested on alfalfa. In
this study, we investigated the suitability of semi-non-dormant alfalfa (Medicago sativa L.) for
winter groundwater recharge. A replicated complete block design study was implemented at the
Kearney Research and Extension Center (KARE) in Parlier, CA testing three treatments (3 days
of flooding followed by 4 days without flooding, 4 days of flooding followed by 10 days without
flooding, control) for a duration of 6 weeks in spring 2019 and spring/summer 2020. A total of
5.4 and 11.9 ac-ft/ac (2019) and 4.9 and 8.1 ac-ft/ac (2020) were applied in the 4 on 10 and 3 on
4 flood treatments, respectively. The spring 2019 experiment did now show significant
differences in yield in the first and second cutting but in feed quality (most notably in crude
protein and neutral detergent fiber content which were of fair quality). In contrast, the 2020
experiment which was conducted much later in the year (April – mid-May) again resulted in no
significant differences in alfalfa yield but extremely poor feed quality (utility grade). Together
these results indicate that while caution is appropriate to prevent deterioration in feed quality,
winter recharge in alfalfa fields with highly permeable soils appears to be a viable practice that
has no effect on total alfalfa yield.
Key words: suitability, groundwater recharge, forage quality, alfalfa
INTRODUCTION
Winter groundwater recharge, where farmland is flooded during the winter using surface water to
recharge the underlying groundwater, could potentially provide a wide range of opportunities for
long-term water security given the large irrigated acreage and water distribution infrastructure
available in California. Among the perennial cropping systems planted in California’s Central
Valley alfalfa is one of the most promising ones because it seldom receives nitrogen fertilizer,
which reduces the risk of leaching excess nitrate to groundwater, one of the main concerns when
using farmland for groundwater recharge. However, challenges and concerns remain regarding
the effect that winter groundwater recharge could have on alfalfa yield and crop health. One of
the main concerns when flooding alfalfa is the risk of crop injury, yield reduction or stand loss
under saturated conditions. Excessive anaerobic conditions could damage roots, increase the risk
of root diseases, could cause excess aboveground humidity affecting insects or diseases,
excessively high water tables, nutrient and herbicide leaching, and inability to perform field
1
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operations due to wet conditions (Ganot et al., 2021a,b). In addition, in the southern Central
Valley where demand for groundwater recharge is greatest, excess surface water for groundwater
recharge becomes available late in the rainy season (e.g. March-May) because water originates
from snowmelt from the Sierra Nevada Mountains, which might not align with the growing cycle
of semi-dormant alfalfa varieties that enter an active growing stage in February. To evaluate the
suitability of semi-dormant alfalfa for groundwater recharge, we conducted replicated on-farm
experiments on a mature Ameristand 835NT RR alfalfa stands with a fall dormancy rating of 8
on a Hanford fine silty loam (SAGBI rating Good; O’Geen et al. 2015) to assess crop response to
different excess winter water application rates and timings.
Methods
We implemented three treatments: i) 4 days of flooding and 10 days off (4 on 10), ii) 3 days of
flooding and 4 days off (3 on 4), and iii) control in a randomized complete plot design with three
replicates on nine 20x44 sqft plots (Fig. 1). Treatments were applied for a total of 6 weeks
between Feb 11 and March 24, 2019 and between Apr 6 and May 17, 2020, respectively. For the
low (4 on 10) and high (3 on 4) frequency treatment a total of 5.4 ac-ft/ac and 11.9 ac-ft/ac of
water were applied in addition to 2.32 inches of precipitation during 2019. In 2020 a total of 4.9
and 8.1 ac-ft/ac in addition to 0.56 inches of rainfall were applied on the low frequency and high
frequency treatment, respectively. Treatments were instrumented with volumetric moisture
sensors, electrical conductivity and soil temperature sensors (Meter TEROS 12), oxygen sensors
(Figaro KE-25), and redox sensors (built in hose), which were installed at 2, 20, and 40 inches
measuring at 10 min intervals. Plots were harvested with a small, flail-type harvester and
subsamples were collected for biomass, yield and feed quality analysis.
Results
One can see that during water application, soil water content quickly increased to field capacity
indicating saturated conditions. Oxygen measurements during 2019 and 2020 indicate that
available oxygen in the soil pore space gradually decreased over the course of the experiment,
reaching nearly anoxic conditions (0-2%) during the last two weeks (Fig. 1). Alfalfa yield of the
first and second cutting of the growing season in 2019 and 2020 did not show significant
differences between treatments. 2019 yields varied between 3150 – 3284 lbs per acre for the first
and 3393 -3762 lbs per acre (12% moisture content alfalfa) for the second cutting (Fig. 2a-b). In
2020, yield was measured during the first four cuttings of the season. Because of the late onset of
the groundwater recharge experiment in 2020 the alfalfa in the flood treatments could not be
harvested at the time of the first cutting (5/12/2020), leading to double the yield in the second
cutting (first cutting in the flood treatments) on 5/29/2020 (Fig. 2c). For the 3rd and 4th cutting no
statistical difference in yield could be observed between treatments and neither for the
cumulative yield over the first four cuttings, indicating that the flooding for groundwater
recharge did not have a negative effect on biomass production (Fig. 2c).
Alfalfa forage quality was assessed both in 2019 and 2020. Subsamples of the collected biomass
from all harvests were sent to Rock River Laboratory for feed quality analysis. The forage
quality test results showed a significant difference in crude protein (CP) content and total
insoluble fiber content (aNDF) but not in the least digestible fibre content (ADF) between the
control and flood treatments in 2019, indicating that the flooding for groundwater recharge has
an effect on forage quality.
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Figure 1: Environmental parameters measured during the 2020 recharge experiment in the Highfrequency (3-on-4) flood treatment plots. Sensors were installed at the soil surface, 25, 50, 100 cm below
soil surface.

CP content varied between 20.17% and 21.56% (p-value = 0.036) and aNDF varied between
39.75% and 40.72% between the flood treatments and the control in 2019. Because alfalfa
quality in the control plots (that were located in between the flood plots) was also comparatively
low in 2019, we decided to harvest two additional checks in 2020, one far away (commercial
control) from the flood plots and the other adjacent (irrigation control) to the flood plots in 2020.
There was a significant difference in CP, aNDF, ADF and Ash content between the controls and
the flood treatments, but overall feed quality was poor (in the control) and extremely poor in the
flood treatments. The overall poor feed quality could be the result of winter management of the
alfalfa stand. The alfalfa was not cut late in the fall season, resulting in a heavy stand early in the
growing season that might have created favorable conditions for pests and pathogens. However,
despite these management issues the results show clearly that water application for groundwater
recharge late in the spring (May) is influencing alfalfa forage quality much more heavily than
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early in the spring season (March), when temperatures are cooler.
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Figure 2: Alfalfa yield for 1st (4/23/2019)(a) and 2nd cutting (6/3/2019)(b) for 2019 recharge experiment.
Plot (c) shows the clustered bar mean of alfalfa yield in tons hay @ 12% MC per acre by harvest date
for the different irrigation treatments. The p-values were estimated with a Tukey honestly significant
difference test assuming a significance level of α=0.05.

CONCLUSIONS
Results from our experiments indicate that high-frequency and low-frequency flooding of
dormant and semi-non-dormant alfalfa during late winter, early spring showed no significant
effect on alfalfa yield (biomass production) but on feed quality, particularly the digestible fiber
content of the alfalfa. However, more research is needed to identify whether decreases in hay
quality are purely due to spring flooding, or due to stand management during the winter, or both.
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YIELD OF SPRING, SUMMER, AND FALL SEEDED ANNUAL FORAGES UNDER
SEASONAL DEFICIT IRRIGATION
Guojie Wang, Qianqian Fan, and Sally Blair1
ABSTRACT
In order to mitigate the negative impact of drought and irrigation water shortage on forage
production in Pacific Northwest, we need search and revisit alternative forage options. Due to its
high management flexibility and low seed and establishment cost, annual forages especially
small grains can be seeded in spring, summer, or fall for forage production under limited
irrigation water resources. We conducted three research trials from 2016 to 2020 in Eastern
Oregon, focusing on seasonal deficit irrigation effects on annual forage yield. The three research
trials are: 1) spring seeded full season annual forages, 2) summer seeded late season annual
forages after winter triticale harvested as hay, and 3) fall seeded annual forages. Four seasonal
deficit irrigation treatments are: full season irrigation from May 1 to September 15 (W1), lateseason deficit irrigation from May 1 to August 1 (W2), mid-season and late-season deficit
irrigation from May 1 to June 15 (W3), and no irrigation under dryland (W4). Twenty spring
seeded full season annual forage species yielded on average 8.35, 8.30, 5.75, and 4.00 Mg/ha
under W1, W2, W3, and W4, respectively. Irrigation after August 1 is not necessary to achieve
the highest forage yield for these 20 evaluated annual forage species. Pearl millet, foxtail millet,
sorghum-sudangrass, oat, and triticale produced approximately 5.00-6.00 Mg/acre under both
W3 and W4. Summer seeding of annual forages as a cover crop after winter triticale is not
recommended in a Mediterranean-like climate without adequate irrigation water after June 15
(W3 and W4). With irrigation until August 1 and September 15 (W2 and W1), summer seeded
late season annual forage species produced 3.20 and 2.40 Mg/ha on average, respectively.
Annual warm season grasses including sorghum-sudangrass, pearl millet, and foxtail millet had
the greatest average yield (4.90 Mg/ha) among four groups of annual forages evaluated under
W2. Seeding in mid-September or mid-October made little difference on all the winter species
evaluated except annual ryegrass. Winter annual species produced 12.39 Mg/ha and seasonal
deficit irrigation did not affect the yield level for all the species except annual ryegrass. In
summary, annual forages have potential to augment the perennial forage shortage in the PNW
with flexible planting dates and short growing seasons and matching species selection and/or
cropping systems with available water will give annual forages more opportunity.
Key Words: Annual forages, seasonal deficit irrigation, small grains, cover crops
INTRODUCTION
Since the early 1900s, annual forages have been used as a supplement to deal with drought and
perennial pasture shortage to avoid buying more expensive feed grain, thereby reducing cost
(McCartney et al., 2009). Annuals offer an alternate forage option that shifts production to
periods of feed shortage, like summer and autumn, and extend the grazing season beyond the
normal perennial grazing season, thus grazing year-round can be achieved and profitability can
be improved. Based on a study conducted in the Loess Plateau, a typical semi-arid region of
China, annual forage-based systems had higher water use efficiency compared to alfalfa
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(Medicago sativa L.) (Jia et al., 2009). Compared to perennials, annual forages have more
flexible planting dates (McCartney et al., 2008), enabling them to be used in variable cropping
systems: spring seeding as a long season cover crop, late summer seeding after harvesting an
annual crop or fall seeding as a winter crop.
With a Mediterranean-type climate, almost two-thirds of the precipitation in the PNW falls
between October and March. From May to September, rainfall declines and is both sporadic and
undependable. Therefore, irrigation during this period is necessary for most traditional forage
production systems. Due to frequent drought and climate change, irrigation water is limited in
PNW, especially for late season irrigation needs. Irrigation can be terminated at variable dates
with different water rights that exist in certain states. For example, in Oregon, irrigation will be
shut off earlier for junior users while senior users can keep irrigating without regard for the needs
of other users when water is inadequate to satisfy the requirements of all water users. The
research on forages response under variable irrigation cutoff seasons has been limited so far but
one study conducted by Orloff et al. (2016) evaluated the tolerance of cool season perennial
grasses under partial-season irrigation deficits in northern California and concluded that the
average annual yield of perennial forages across three years was 11.3 Mg/ha for the full-season
irrigation, 9.8 Mg/ha for mid-season cutoff (mid-July; before second cutting) and 6.9 Mg/ha for
early-season cutoff (late May; before first harvest). Tall fescue had the highest yield under fullseason irrigation while tall wheatgrass, intermediate wheatgrass and smooth bromegrass were the
most drought tolerant when an early-season irrigation cutoff was applied.
Plants have developed different mechanisms to adapt to drought, namely, drought escape,
drought avoidance, and drought tolerance (Basu et al., 2016). Drought escape occurs when plants
complete their life cycle before the onset of drought. They can form rapid phenological
development involving producing a minimal number of seeds before soil water scarcity happens.
Most annual forages fall into this category. Inducing developmental plasticity is another way
annuals use to escape drought. Plants reduce their growth when water is scarce while they can
have indeterminate growth during wet seasons. Drought avoidance is defined as the ability of
plants to maintain higher tissue water content when soil water content is reduced. This is
achieved by minimizing water loss and maximizing water uptake. Drought avoidance is the main
mechanism that sorghum-sudan and alfalfa adopt to resist drought. Sorghum-sudan and alfalfa
have the ability of deep rooting and produces high proportion of roots in the subsoil, thus
presenting greater drought resistance than other species when water stress occurred. Drought
tolerance is when plants are able to endure low tissue water content through adaptive traits like
adjusting osmotic potential to maintain cell turgor. Hasanuzzaman et al. (2019) pointed out that
barley can maintain a low content of organic osmolytes (Na+, K+ and Cl-) for osmotic adjustment
to endure low tissue water content. Therefore, we want to test diverse annual forage species
including small grains under seasonal deficit irrigation in eastern Oregon to explore forage
production alternative systems under drought and limited irrigation water.
MATERIALS AND METHODS
The trials was conducted at the Oregon State University Eastern Oregon Agricultural Research
Center (EOARC) at Union, OR, USA (45°12'23.6" N, 117°52'37.7" W, elev. 853 m) from 2017
to 2020. The climate in the region is Mediterranean-like characterized by wet and cool to cold
winters and dry and warm to hot summers. The long-term (1994-2019) average annual
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precipitation in the region is 434 mm (17"). Approximately 70% of the annual precipitation
occurs from October to March and 25% from April to June in low intensity (< 2-3 mm h-1) and
low volume (10-20 mm per event), which renders July through September the driest period. A
randomized complete block split-plot design with four replications was used for the trials. The
whole plot was seasonal deficit irrigation treatments while the subplot was annual forages. Four
seasonal deficit irrigation treatments were: full season irrigation from May 1 to September 15
(W1), late-season deficit irrigation from May 1 to August 1 (W2), mid-season and late-season
deficit irrigation from May 1 to June 15 (W3), and no irrigation under dryland (W4). Irrigation
was applied every Friday unless prohibited by other management practices through solid-set 12m (40') handlines with R33LP rotator (Nelson Irrigation Corporation, Walla Walla, WA) setting
0.9-m (3') aboveground. Irrigation amount for each irrigation event was based on the actual
accumulated evapotranspiration (ET) between irrigation events of alfalfa stand in Imbler, OR
within 40 km from the study site (https://www.usbr.gov/pn/agrimet/agrimetmap/imboda.html).
We applied 734, 437, 134, and 0 mm irrigation water yearly averaged over four growing seasons
for W1, W2, W3, and W4 treatments, respectively. The rainfall and alfalfa ET in the same period
were 85 and 826 mm, respectively. Twenty annual forage species were seeded in spring and
summer and ten annual and biennial forage species were seeded in fall.
RESULTS
Yield generally decreased as water stress increased for spring seeded full season annual forages.
In 2017, the forage yield averaged over all species was 7.8, 7.4, 4.3, and 2.5 Mg/ha under W1,
W2, W3, and W4, respectively. In 2018, the forage yield was 8.9, 9.2, 7.2, and 5.5 Mg/ha under
W1, W2, W3, and W4, respectively. However, no significant difference was observed between
W1 and W2 treatments in both years. The detailed species differences are listed in Table 1.
Under W1 and W2, annual warm season grasses besides teff yielded higher than the other forage
groups. However, under W3 and W4, both annual warm and cool season grasses besides teff and
annual ryegrass yielded higher than the other forage groups. For annual warm season grasses,
teff yielded less under W1 than other species in this group and its yield decreased sharply under
severe seasonal deficit irrigation. Proso millet is the earliest maturing species in annual warm
season grasses. Its yield was less than most producing species in this group. Under adequate
irrigation, pearl millet and foxtail millet could be a better choice while under severe irrigation
water shortage, sorghum-sudangrass could be a better choice.
For the summer seeded annual forages after winter triticale trial, winter triticale forage yield was
not affected by irrigation treatments and averaged 9.90 Mg/ha across two years. Summer seeded
annual forage species right after winter triticale did not germinate under W3 and W4 treatments
in 2017 and yielded low (1.6 Mg/ha for W3 and 0.6 Mg/ha for W4 averaged over species) in
2018. No differences in yield were found between W1 and W2 for any species. The detailed
species differences are listed in Table 2. Both warm season grasses and brasscias yielded above
4.0 Mg/ha under W1 and W2. Annual cool season grasses and annual legumes yielded less due
to poor germination and growth in the late summer seeding.
Seeding winter annual forages in mid-September yielded 1.50 Mg/ha more than seeding in midOctober, mainly due to annual ryegrass good germination in the early seeding. For other winter
annual species, seeding in mid-September and mid-October made little difference on forage
yield. Averaged over seven species, two seeding dates, four irrigation treatments, and two
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growing seasons, winter annual forages yielded 12.39 Mg/ha. Seasonal deficit irrigation only
affected annual ryegrass yield (Figure 1). Winter wheat and triticale yielded higher than other
species under most irrigation treatments and growing years. However, annual ryegrass yielded
the highest (14.89 Mg/ha) in one growing season under full season irrigation.
Table 1. The average yield of annual forage species under variable irrigation treatments in a spring
seeded cropping system across 2017 and 2018 in Union, OR.
Species

MSD (p ≤ 0.05)
among irrigation
treatments
———————————————Mg/ha—————————
—————
14.0 a†
14.0 a
7.3 abc
5.6 abc
3.4
12.8 a
12.9 ab
6.4 abcd
6.1 abc
2.5
11.9 ab
13.0 ab
11.7 a
7.2 ab
6.3
11.0 ab
11.6 abc
8.2 abc
8.0 a
3.0
W1

Irrigation treatment
W2
W3

W4

Pearl millet
Foxtail millet
Radish
Sorghumsudangrass
Oat
10.7 abc
11.6 abc
9.0 ab
6.0 abc
1.5
Proso millet
9.0 bcd
9.7 bcd
7.2 abcd
5.1 abcd
2.2
Brassica hybrid
8.6 bcde
8.2 cde
6.9 abcd
6.1 abc
1.5
Barley
8.6 bcde
8.5 bcde
8.9 ab
5.9 abc
1.8
Annual ryegrass
8.5 bcde
8.2 cde
5.7 abcd
1.9 cd
1.5
Rape
8.0 bcde
7.2 def
4.0 bcd
5.2 abcd
4.2
Wheat
7.8 bcde
7.4 def
7.4 abc
4.7 abcd
1.6
Soybean
7.8 bcde
7.9 cde
4.4 bcd
2.4 bcd
1.8
Kale
7.8 bcde
7.7 cdef
7.3 abcd
3.1 bcd
3.9
Triticale
7.2 cde
7.5 def
6.6 abcd
4.4 abcd
2.7
Field pea
6.8 de
6.1 def
5.1 bcd
2.2 cd
3.0
Turnip
6.4 de
4.6 ef
4.9 bcd
3.3 bcd
1.9
Chickling vetch
6.3 de
6.2 def
4.2 bcd
3.0 bcd
1.8
Teff
5.4 de
5.9 ef
2.0 d
1.6 cd
3.5
Cowpea
5.4 de
6.1 def
3.7 cd
3.7 bcd
1.1
Crimson clover
5.2 e
3.6 f
1.2 d
0.8 d
1.3
† Means followed by the same letter within a column are not significantly different at the 0.05
confidence level. MSD, minimum significant difference. W1, full season irrigation; W2, late
season cutoff; W3, early season cutoff; W4, no irrigation.
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Table 2. The average yield of annual forage species under variable irrigation treatments in a
summer seeded cropping system across 2017 and 2018 in Union, OR.
Species

Irrigation treatment
W1
W2
W3
W4
———————————————Mg/ha———————————
————
11.4 a† A‡
8.8 a A
7.4 a A
2.3 a B

Sorghumsudangrass
Radish
7.6 ab A
7.3 abc A
2.1 bcd AB
0.4 ab B
Pearl millet
7.6 ab A
5.1 abcde AB
2.0 bcd BC
1.0 ab C
Brassica hybrid
6.9 ab A
5.3 abcde A
2.2 bc B
0.8 ab B
Foxtail millet
6.9 ab A
7.6 ab A
1.8 bcd A
NA‡
Proso millet
6.7 ab A
5.8 abcd A
1.2 bcd B
0.4 b B
Oat
6.7 ab A
5.2 abcde A
1.8 bcd B
0.2 b B
Rape
6.5 ab A
6.7 abcd A
1.6 bcd A
0.9 b A
Kale
4.4 b A
5.4 abcde A
1.4 bcd A
0.9 ab A
Turnip
4.4 b A
3.4 bcde A
0.4 cd B
0.6 ab B
Chickling vetch
4.1 b A
4.3 bcde A
1.7 bcd AB
0.9 ab B
Soybean
4.0 b A
4.1 bcde A
3.1 b AB
1.3 ab B
Crimson clover
3.9 b A
3.0 cde A
0.6 cd B
0bB
Field pea
3.7 b AB
4.2 bcde A
2.4 bc AB
0.6 ab B
Teff
3.6 b A
2.5 cde B
0.5 cd C
0bC
Cowpea
3.3 b A
2.9 cde A
2.1 bcd AB
0.8 ab B
Annual ryegrass
3.1 b A
1.6 de AB
0.2 d B
0.2 b B
Wheat
2.4 b A
1.6 de A
0.5 cd A
0.8 ab A
Triticale
1.8 b A
1.7 de A
0.6 cd B
0.2 b B
Barley
1.7 b A
1.0 e AB
0.3 d AB
0.1 b B
† Means followed by the same lowercase letter are not significantly different within each column
at the 0.05 confidence level. ‡ Means followed by the same capital letter are not significantly
different within each row at the 0.05 confidence level. NA, not applicable; MSD, minimum
significant difference; W1, full season irrigation; W2, late season cutoff; W3, early season cutoff;
W4, no irrigation.
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Figure 1. Forage yield of several winter annuals under four seasonal deficit irrigation treatments.
* Means significantly different among irrigation treatments within species at the 0.05 confidence
level. W1, full season irrigation; W2, late season cutoff; W3, early season cutoff; W4, no irrigation.
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USING HAY TESTS SAMPLES TO MAXIMIZE ECONOMIC RETURNS
FROM P AND K FERTILIZATION
Steve Norberg1, Steve Fransen2, Joe Harrison3, and Don Llewellyn4
ABSTRACT
Developing critical plant nutrient levels in-season improves recommendations and applications,
saving producers time, expense and effort since many growers take samples for hay quality.
Three experiments were designed as follows: 1) Phosphorus (P) Rate study with differing rates
of P2O5 using monoammonium phosphate (MAP); including: 0, 30, 60, 120, 240 lb P2O5 acre-1
on a low testing P soil <10 ppm (Olsen P method); 2) Potassium (K) Rate study with differing
rates of K2O using potassium sulfate: 0, 40, 80, 160, 240, 320 lb K2O acre-1 on an <100 ppm K
soil (ammonium acetate method). The following is summation of three field years of results for
alfalfa harvested at mid-bud stage for all cuttings in the same field. Increasing P rate from 0 to
240 lb P2O5 acre-1 increased yield by 0.9, 1.5 and 1.6 tons acre-1 in 2018, 2019, and 2020,
respectively. Averaged over years and assuming $0.54 lb P2O5, the whole plant tissue level at the
economic optimum was 0.36 and 0.37% at mid-bud stage for 150 and $200 ton-1 of hay,
respectively. If the price per lb P2O5 is increased by 40 or 60% then optimum economic fertilizer
rate is decreased by 17% and 42%, respectively for $150/ton hay and 12% and 27% respectively,
when hay price is $200/ ton. No potassium response was found in 2018 but yield increased 1.14and 1.26-tons acre-1 in 2019 and 2020 respectively. About 80% of yield response occurred in the
first and second cuttings indicating that P and K need to be applied in the fall or early spring to
get the largest yield response. Potassium content in alfalfa varied widely between years optimum
K content for the two years but the optimum for $200 ton-1 hay, when the price lb of K2O is was
$0.36, is 1.9 and 1.6% for 2019 and 2020, respectively. If the price per lb K2O is increased by 40
or 60% then optimum economic fertilizer rate is decreased by 22% and 78%, respectively for
$150/ton hay and 14% and 42% respectively, when hay price is $200/ ton.
Keywords: Alfalfa, Phosphorus, Potassium, Yield, Fertilizer Economics
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TRATIONAL AND OBJECTIVES
1) Develop and calibrate phosphorus (P2O5) & potassium (K2O) nutrient recommendations for
bud stage alfalfa using tissue testing for maximum profit, yield and direct comparison to current
soil testing recommendations. 2) Compare efficacy of combinations of monoammonium
phosphate (MAP) and struvite (magnesium ammonium phosphate, MgNH4PO4 · 6 H2O) for
fertilization of alfalfa. 3) Evaluate quality of hay samples at different P2O5 and K2O rates and
tissue concentrations.
STUDY DESCRIPTION
Plot Layout: Three alfalfa research studies (P Study, K Study, and Struvite Study) were grown
near Prosser, WA in South Central WA in a low P & K testing soil from 2018-2020.
P Study: Differing rates of P2O5 using MAP; including: 0, 30, 60, 120, 240 lbs./acre.
K Study: Differing rates of K2O using potassium sulfate: 0, 40, 80, 160, 240, 320 lbs. K2O/acre
Analysis: Dry matter analyzed for yield, P or K content (ICP method), hay quality (NIRS
method).
RESULTS FOR PHOSPHORUS STUDY
Table 1. Hay phosphorus (P) content’s impact on dollars lost by misapplying P and amount of P
to adjust next years rate. The optimal P content was found to be 0.36 and 0.37 % P for $150 and
$200 per ton hay, respectively. Optimum P content was based on mid-bud stage hay harvested
and averaged over three years (1998-2000) under irrigation near Prosser, WA. The optimal P
content should be applicable of a wide range of locations, however economics will vary based on
productivity of the field. This field was harvested five times and yielded approximately 10 tons
acre in years 2 and 3. Averaged over years and assuming $0.54 lb P2O5, the whole plant tissue
level at the economic optimum was 0.36 and 0.37% at mid-bud stage for 150 and $200 ton-1 of
hay, respectively. If the price per lb P2O5 is increased by 40 or 60% then optimum economic
fertilizer rate is decreased by 17% and 42%, respectively for $150/ton hay and 12% and 27%
respectively, when hay price is $200/ ton. Sixty-seven percent of the yield increase was in the
first and second cuttings.
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Table 1. Impact of applying suboptimal phosphorus fertilizer rates on a 3 year stand of alfalfa
with low P soil test.
Hay
Amount to increase or decrease ( P) Dollars lost by misapplying P over 3
Phosphorus rate next year based on $0.538/ lb
years
(P) Content of P2O5
($150 ton-1 hay) @$200 ton-1 hay @$150 ton-1 hay
%
@$200 ton-1 hay
0.24
0.26
0.28
0.30
0.32
0.34
0.36
0.38

150
130
110
80
60
30
-10
-80

160
140
120
100
70
40
0
-70

330
250
175
108
52
12
2
99

522
406
294
193
104
35
0
92

Table 2. Influence of price of phosphorus fertilizer price on optimal economic rate of P2O5 based
on research at Prosser, WA from 2018-2020.
Fertilizer Price Of MAP
(11-52-0)

Hay Price $150
per Ton

Hay Price
$200 per Ton

Hay Price
$250 per Ton

Decrease in Optimum Fertilizer Rate
lbs P O /acre / (% decrease)/ Optimal % P Conc.
2

5

Base Price $ 560/Ton of MAP
($0.54 lb P O )

0/(0%)/0.36

0/(0%)/0.37

0/(0%)/0.38

40% increase in Fert. Price
$784/Ton ($0.75 lb P O )

21/(17%)/0.35

19/(12%)/0.36

15/(9%)/0.37

80% Increase in Fert. Price
$1008/Ton ($0.97 lb P O )

51/(42%)/0.33

39/(27%)/0.35

31/(19%)/0.36

2

5

2

2

5

5

RESULTS POTASSIUM STUDY
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Figure 1a & 1B. Yield (1A left figure) and above ground biomass (1B right figure) of mid
bloom alfalfa and as influenced by potassium rate (K2O lb/acre) in each of the three years
2018-2020.
DISCUSSION OF FIGURES 1A and 1B
Left figure shows yield increases occurred with applications of potassium sulfate in 2019 and
2020. No yield response was found in the year of spring establishment 2018. Potassium contents
of the forage is shown in the figure on the right. In 2020, the third year of the experiment,
application of K2O failed to match the K forage content in the hay in the previous two years as
both K accumulated was less and increased yield diluted K content. Optimum potassium tissue
concentration for $200/ton hay without quality consideration was 1.9 and 1.6% in 2019 and 2020
respectively. In 2019, RFQ was increased from 182 to 255 by increasing rate to 320 lb/K2O per
acre. During the three years the 320 lb/acre treatment soil available K decreased in the soil from
92.8 ppm in spring of 2018 to 62 ppm in the fall of 2020, a 33% reduction from beginning to end
of the experiment. A total of 960 lb/a K2O was applied in three years, however 1,166 lb/a K2O
was removed in the hay.
Table 3. Influence of potassium fertilizer price on optimal economic rate of K2O based on
research at Prosser, WA from 2018-2020.

Fertilizer Price Of KCl(0-0-60)

Hay Price $150
per Ton

Hay Price
$200 per Ton

Hay Price
$250 per Ton

Decrease in Optimum Fertilizer Rate
(lbs K2O/acre) / (% decrease)
Base Price $ 432/Ton KClOr $0.36 lb K2O

0/(0%)

0/(0%)

0/(0%)

40% increase in Fert. Price
$605/Ton KCl-, $0.50 lb K2O

46/(22%)

34/(14%)

28/(11%)

169/(78%)

102/(42%)

82/(31%)

80% Increase in Fert. Price

$950/Ton KCl-, $0.79 lb K2O

MANAGEMENT RECOMMENDATIONS/CONCLUSIONS:
•

•

To maximize economic return, phosphorus content of alfalfa hay should use your hay test
sample to determine percent P and follow recommendations in Table 2 based on hay price
and price per pound of P2O5 when harvested at mid-bud stage for hay. This is higher than
published elsewhere.
Price of fertilizer significantly influences the rate of fertilizer to put on and you can use the
percentages above 2 and 3 to adjust rates.
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•

The optimum K concentration for the two years was 1.9 and 1.6% for 2019 and 2020,
however, since there are significant differences between years continue to use soil tests for
this nutrient.
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RECYCLING AND MANAGEMENT OF MANURE IN FORAGE CROPS
1Eric

Young and 2Jessica Sherman
ABSTRACT

Modern dairy production relies on capturing nutrient and production efficiencies for the animal
and cropping sides of the business to optimize profitability. Manure management is an
increasingly important economic and environmental aspect of dairy production. While manure
nutrient content/speciation and total solids content can vary widely among farms and over time
for individual farms, manure is a critical source of crop nutrients and soil organic carbon (SOC),
underpinning long-term soil quality/health. Managing a range of semi-solid and liquid manures
is common on larger dairy farms. Technology for handling, transporting, and incorporating
manure has quickly evolved and encompasses a large range of field application equipment and
tillage combinations. While broadcast/surface application of manure is still common in hay crop
and annual cropping systems, incorporating manure with some type of tillage captures more
nitrogen and often reduces nutrient runoff risk. However, tillage itself can also be
counterproductive in some situations, particularly in coarser-textured soils with low organic
matter content, where greater water holding capacity and SOC are required for improved crop
growth. Low disturbance manure application (LDMI) can incorporate manure (via injection or
enhancing manure infiltration) while reducing soil disturbance compared to tillage incorporation
(chisel, disk/harrow). Shallow disk injection and -banding are two LDMI methods that use liquid
manure and can be used during both corn and hay crop production. Research at the USDA-ARS
indicates that shallow disk injection conserved more N for fall-applied manure in a corn-silage
winter rye cover crop system and maintained more surface residue compared to tillage.
Additional experiments also indicated a relatively low risk of yield reduction for shallow disk
injection and aeration-banding application methods in hay crop and corn silage fields. LDMI
methods therefore show promise for improving nutrient use efficiency and utilizing more onfarm nutrients, however longer-term research at multiple locations is needed to better evaluate
possible impacts of LDMI on forage yield and quality.
Key words: Dairy manure, soil fertility, nitrogen, phosphorus, tillage, soil health
INTRODUCTION
Manure management is an important aspect of modern dairy production, influencing agronomic,
economic, and environmental facets of the business. Liquid manure (<15% solids content)
storages are common on larger dairies, however proper handling of semi-solid manures (>15%
Eric Young (eric.young@usda.gov). Research Soil Scientist, United States Department of Agriculture, Institute of
Environmentally Integrated Dairy Management, 2615 East 29th St., Marshfield, WI 054449.
2
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solids) from dry cows, heifers, and manure separation systems is also important. Several
considerations should be evaluated in trying to optimize manure application benefits on forage
crops including crop species, stage of development, nutrient content/forms in the manure,
application rates, soil test nutrient levels, environmental risks, soil moisture status, weather
conditions, and critically, the method and timing of applications.
Nutrient content of manures varies widely mainly due to variation in forages and feedstuffs used
in dairy rations. Manure nutrient testing and spreader rate calibration are essential for
determining accurate estimates of nutrient inputs from manure and determining field-by-field
inorganic fertilizer needs, which has important farm economic impacts.
Broadcast/Surface Applied Manure
Broadcast application/surface application of manure in annual and perennial forage crop systems
is commonly done on farms. While this is not ideal with respect to nutrient use efficiency and
runoff potential, some farms may not have the necessary equipment to incorporate manure or
have other reasons for not wanting to incorporate using primary or secondary tillage (no-till
systems). Incorporating manure with tillage tools is an effective way to conserve nitrogen (N)
and other nutrients while reducing loss potential associated with runoff and leaching, however
tillage increases erosion potential and can increase nutrient and sediment loss in runoff.
Low Disturbance Manure Application
Low disturbance manure incorporation (LDMI) methods attempt to strike a balance between soil
disturbance from tillage and increasing the extent of manure-soil interaction to reduce nutrient
loss potential. Field research at the USDA-ARS indicates that both shallow disk injection and
aeration-banding tools can substantially decrease ammonia-N loss, in addition to reducing
dissolved and particulate phosphorus (P) and N loss in surface runoff compared to broadcast or
banding alone (Sherman et al., 2020ab; Sherman et al., 2021ab).
LDMI can be used in both hay crop and corn production systems without necessarily
compromising crop yield. A three-year ARS trial conducted in at the Marshfield Agricultural
Research Station in central Wisconsin showed that shallow disk injection conserved more N
when fall-applied in a corn silage system compared to other LDMI methods and spring applied
fertilizer N. Moreover, there were few significant differences in soil N among manure
application methods at the end of the season (Sherman et al., 2020b). Research conducted at
other ARS laboratories and university trials also indicate greater overall soil N and P retention
when manure is incorporated with tillage or LDMI methods.
In other LDMI experiments conducted in alfalfa-grass plots at the same location, results showed
that shallow disk injection significantly reduced dissolved P losses in runoff (after simulated
rainfall events). Compared to other treatments, LDMI plots also tended to maintain greater
surface residue coverage, indicating lower overall soil disturbance and potential plant damage.
While our results have indicated few differences in alfalfa dry matter yields among broadcast and
LDMI methods, more research is needed to more accurately account for the cost-effectiveness of
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LDMI in hay and annual cropping systems and their potential impacts on forage quality
compared to more traditional approaches.
CONCLUSIONS
Manure management will continue to be a critically important aspect of sustainable dairy
production in the US. Research conducted at multiple USDA-ARS locations and that done by
other institutions indicate that LDMI can offer benefits of lower soil disturbance and decreased N
and P loss potential, but in general requires more time and specialized equipment.
As with any new field practice, site-specific field limitations and environmental risk
considerations in relation to manure application equipment availability and goals should be
evaluated to help determine if LDMI is a fit for a given farm. In summary, LDMI methods show
promise for conserving more nutrients in dairy systems, but more research is needed to better
assess forage yield and quality effects compared to broadcast and more traditional tillage
incorporation methods, in addition to drag hose and other viable techniques.
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REGENERATION NATION: ALFALFA’S ROLE IN SUSTAINABLE AGRICULTURE
1Emily

Meccage

ABSTRACT
In recent years, there has been a resurgence in sustainable farming practices and related research,
driven mostly by increased interest in improving soil health, nutrient recycling, and carbon
sequestration. A vast majority of that research has focused on utilization of cover crops, or
annual crops that are cultivated primarily for their soil health benefits. These crops are often
terminated at the end of the season, with more economically important row crops following.
However, the benefits of alfalfa have been largely overlooked, even though we have known for
many years its vast soil health and ecosystem benefits. From improving soil structure, decreasing
erosion, increasing carbon sequestration in soil, to decreasing nitrogen fertilizer requirements of
subsequent crops, alfalfa is a valuable crop that should be incorporated into cropping rotations
for a multitude of reasons. Increased utilization of alfalfa will not only help to reach our goals of
improving soil health and increasing carbon sequestration, but it will also help in improving
wildlife habitat and biodiversity, critical in improving overall agricultural sustainability, while
providing a highly nutritious feedstuff for livestock.
Key Words: alfalfa, sustainability, carbon, regenerative agriculture, nitrogen
ALFALFA’S IMPACT ON SUSTAINABILITY
Sustainability in agriculture has become an important talking point across the government,
production, and industry landscape. With documented changes in climate affecting everything
from temperatures to rainfall, it is important that we highlight agriculture’s important role in
mitigating climate change. While utilizing sustainable farming practices has always served the
best business interests of farmers and ranchers, we now recognize that promoting such practices
also helps to achieve our climate goals.
In recent years, researchers, growers, industry professionals, and government organizations have
increased their efforts to define sustainable agriculture and research best management practices
that can help to reach those goals. From improving the many facets of soil health to ecosystem
benefits, a shift in focus has been placed on methods that can help improve carbon sequestration
while also improving overall habitat and ecosystem function. Much of the research to date has
focused on the many different species that fall under the classification of “cover crops,” typically
annual crops that are grown specifically for their role in improving soil health. However, alfalfa
is an impressive crop whose contributions towards meeting those sustainability goals have
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largely gone unnoticed. This may have resulted, largely, from the erroneous exclusion of
perennial crops, such as alfalfa, from the traditional classification of a “cover crop.”
As shown in Table 1, while many are aware of the vast benefits that support using cover crops,
alfalfa has many of the same benefits to offer, if not more. From its documented ability to
sequester carbon in the soil, to its ability to decrease nutrient leaching into adjacent soils and
watersheds, alfalfa deserves more attention for its contributions towards improving on-farm
practices when included in a cropping rotation.
Table 1. Comparison of alfalfa’s sustainability benefits to cover crops and two commonly
planted row crops, soybean and corn.

From Meccage, 2021. Alfalfa economics and cropping rotation benefits. CROPLAN Virtual Alfalfa Training Event.

Carbon sequestration
Perhaps one of the most touted aspects of agricultural sustainability is the ability of plants to
increase carbon sequestration through photosynthesis. Again, much of the focus has been placed
on other resources such as hardwood forests, perennial grasslands, and even annual crops, with
limited focus on alfalfa’s ability to sequester carbon.
Historical data suggests that alfalfa can sequester significant amounts of carbon in the soil, and
even better, sequester carbon deeper in the soil because of its deeper root structure, than many of
the other crops that are commonly evaluated. Jarecki et al. (2005) found that when compared to
continuous corn cropping, alfalfa sequestered 22% more soil organic carbon (SOC), in
agreement with Cates et al. (2016) which found that alfalfa sequestered 26% more SOC than
rotations that included only annual crops (corn and soybean).
Saliendra et al. (2018) found that when comparing perennial alfalfa to perennial grassland, the
amount of SOC was greater in the alfalfa, even when the aboveground biomass was harvested as
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hay. The amount of C sequestered increased in this study if the alfalfa was irrigated, correlating
to the amount of both aboveground and belowground biomass that was produced. The ability of
alfalfa to sequester more C than other perennial crops is important to note and should also be a
talking point when considering programs to implement increased C sequestration.
Just as important as total amount sequestered, several of these studies evaluated where the SOC
was placed in the soil layers. With many of the other closely studied crops, most of the
sequestered carbon is stored in the top 10 cm of soil, close to the soil surface. However, it
appears that alfalfa has the ability to place carbon deeper in the soil, with gains found at 30-60
cm (Cates et al., 2016). Interestingly, in that same study the corn-soybean rotation found losses
in SOC in those deeper layers.
As carbon markets begin to become more established, it is critical that we bring focus to the
importance of utilizing alfalfa in cropping rotations. More emphasis needs to be placed on
utilization of alfalfa by these carbon market platforms if the objective is to maximize carbon
sequestration potential. Thanks to its improved ability to sequester carbon compared to many
other crop options, producers are more likely see a financial benefit if they choose to enter the
carbon markets by incorporating alfalfa on-farm.
Soil health benefits
A broad term that is commonly used in the sustainability discussion is “soil health”, which has
many different definitions depending on which source is referenced. In this discussion, we will
utilize this term to encompass soil’s structure and ability to grow crops, along with its microbial
biome.
Previous studies have found that multi-year use of alfalfa in cropping rotations leads to
improvements in the size of soil aggregates (Angers, 1992), which helps to improve moisture and
nutrient movement throughout the soil. This also leads to more stable soils that are resilient to
changes in climate such as periods of drought or heavy rains. Another important benefit is that it
helps to decrease erosion, a benefit that has been shown by research studies that included alfalfa
(Wu et al., 2011). Wu et al. found that soils that had been in rotation with alfalfa had infiltration
rates that were 1.77 times that of bare soil, and sediment transportation rate away from the field
decreased by 78.4%, a marked improvement in soil structure.
Included in soil health benefits are qualities such as alfalfa’s ability to decrease nutrient leaching,
critical in mitigating runoff into water sources. Due in large part to its deep taproot system,
alfalfa can “soak up” large amounts of nutrients in the soil that otherwise have the potential to
contaminate nearby water sources. Other options such as many species of cover crops are also
able to decrease significant amounts of nutrient contaminants; however, alfalfa can reach deeper
levels in the soil. It is also efficient at decreasing levels of toxic metals in the soil and has been
used in soil remediation and reclamation efforts.
Nitrogen benefits
An important system and financial benefit of utilizing alfalfa is the fact that it is a legume,
meaning it can fix nitrogen through its symbiotic relationship with Rhizobium bacteria. Cropping
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rotations that include corn after alfalfa often do not require synthetic inputs of nitrogen for at
least one year, with many fields requiring decreased nitrogen fertilizer the second year out of
alfalfa as well (Creech et al., 2019; Undersander and Barnett, 2008; Sheaffer, 2004). This leads
to significant financial savings, as nitrogen inputs represent a large portion of the input costs in
row crop production. Furthermore, nitrogen presented to the soil in the form of legume
synthesized nitrogen, versus the more mobile form from synthetic nitrogen fertilizer, likely
decreases the potential for nitrogen leaching into groundwater and aquifers.
Another important consideration is the environmental cost of using synthetic nitrogen fertilizers.
Most reports estimate that industrial production of urea produces approximately 3 T carbon per T
of urea produced, and 2 T carbon per T of ammonium nitrate produced. That is also accompanied
by the amount of carbon that is produced during the transport and application process,
representing a large financial and environmental cost to growing that crop. Utilizing alfalfa
decreases the dependence on synthetic fertilizers, saving both dollars as well as carbon
emissions.
Ecosystem benefits
It would be remiss to discuss the benefits of alfalfa without considering the ecosystem benefits.
Alfalfa is a great habitat for many species of wildlife, from large herbivores like elk and deer, to
smaller mammals such as rodents, as well as soil-dwelling organisms and pollinators. While this
may not always be a positive for farmers, it is important to consider as more focus is placed on
environmental stewardship.
Pollinators are critical for a healthy food production system, and alfalfa is very attractive to many
species of pollinators. It plays an important role in food source and habitat and can be utilized
very well to help improve pollinator numbers. In the same vein of preserving pollinator habitat,
alfalfa can also be utilized to interrupt pest cycles, decreasing the need for pesticides which also
improves pollinator habitats.
Alfalfa is often not host to many of the same pests that occur in popular row crop options, and
inclusion of alfalfa into cropping rotations can help to reduce damaging pest populations.
Whether it be insect species, diseases or weeds, alfalfa can be utilized to disrupt growth cycles,
and decrease the overall negative impact they have on production.
CONCLUSION
When looking to maximize agriculture’s impact on improving carbon sequestration, it is
important to highlight alfalfa’s important role. Not only can alfalfa significantly increase carbon
sequestration, but it also has the potential for so many other beneficial impacts for our
ecosystems. The ability to decrease the reliance on nitrogen fertilizers can significantly help at
the farm-gate by reducing input costs, as well as decrease emissions. It also is an important crop
to help improve soil’s resilience in a changing climate, which can help to maximize production
on a per acre basis. Finally, it has many benefits to offer wildlife, pollinators, and soil-dwelling
organisms, which all play a critical role in a healthy ecosystem. It is important that more focus is
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placed on utilizing alfalfa’s many benefits at the producer level and potentially in funded
sustainability programs.
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COVER CROP AND LIVESTOCK INTEGRATION IN A DRYLAND WHEATFALLOW PRODUCTION SYSTEM IN THE NORTHERN GREAT PLAINS
Samuel Wyffels, Maryse Bourgault, Julia Dafoe, Peggy Lamb, Darrin Boss1
ABSTRACT
The introduction of cover crops as fallow replacement in the traditional cereal-based cropping
system of the Northern Great Plains has the potential to decrease soil erosion, increase water
infiltration, reduce weed pressure, and improve soil health. However, In the Northern Great
Plains, there has been hesitation for the adoption of cover crops in rotation with wheat due to
concerns regarding the potential negative effects on the following wheat crop yields. Croplivestock integration has demonstrated that cover crops can be terminated using livestock grazing
with minimal negative impacts on soil health. Therefore, the potential for a reduction in wheat
yields following a cover crop may be mitigated by using the cover crop as a forage source for
livestock. However, the ability to use cover crops as a livestock forage source in dry-land
systems is dependent on the cover crop mixture. A long-term research project conducted at the
Northern Agricultural Research Center in Havre, MT evaluated 15 different cover crop mixtures
(29 species) and 3 cover crop termination methods in a semi-arid wheat-fallow system in the
Northern Great Plains over the course of 8-years. This research suggests that individual mixtures
had minimal effect on forage quality and biomass, however, whether the mixture was
predominately cool- or warm-season species had a profound impact on the use of cover crops as
a potential forage source for livestock. In general, in a dryland cover crop-wheat rotation that
requires early-July termination to prevent volunteer cereal grains in the following wheat crop,
cool-season cover crop mixtures should provide a suitable forage source for livestock grazing
most years. Additionally, the potential for a reduction in wheat yields following a cool-season
cover crop may be mitigated using the cool-season cover crop as a forage source for livestock.
However, the relatively high and variable nitrate levels of the cover crop mixtures used suggests
that forage should be tested for nitrates before grazing/haying.
INTEGRATING COVER CROPS AND LIVESTOCK IN WHEAT-FALLOW
SYSTEMS OF THE NORTHERN GREAT PLAINS
Diversifying cropping systems by incorporating a cover crop in wheat-fallow systems, can
reduce off-farm inputs while producing similar profits to more conventional systems (Davis et
al., 2012). Additionally, the introduction of cover crop systems has been shown to improve soil
organic C and N, which leads to retention of organically bound nutrients and improved soil
hydrology (Franzluebbers and Stuedemann, 2008b). Moreover, increasing species and functional
group diversity of cover crop mixtures can further increase soil organic C compared to a singlespecies mix due to greater above and below-ground biomass production (Faé et al., 2009;
Blanco‐Canqui et al., 2015). However, prior to the planting of commodity crops, cover crops
must be terminated. Conventional cover crop termination typically includes tillage, herbicide,
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crimper roller, or a combination of methods, all of which represents a cost with no immediate
return, potentially limiting producer adoption of the practice.
An integrated crop-livestock system approach utilizes livestock grazing and/or haying as a
mechanism to terminate cover crops and is proposed as a mutually beneficial alternative for both
livestock and crop producers (Franzluebbers and Stuedemann, 2008a; Tobin et al., 2020). Cover
crops including annual grasses, small grains, and forage legumes following grain or fiber crops
could provide a source of high-quality forage (Franzluebbers and Stuedemann, 2007;
Franzluebbers and Stuedemann, 2008b). Livestock grazing of cover crops could provide a low
input alternative for beef cattle nutrition requirements while delivering a low-input cover crop
termination method. Additionally, integrating crops and livestock allows for a better coupling of
nutrient demand and availability (Liebig et al., 2012; Russelle et al., 2007). Furthermore, grazing
or selling cover crop hay would provide an economic return that could at least partially offset
expenses and therefore encourage producers to adopt the practice, even if soil health benefits are
not immediately apparent. Nevertheless, the benefits of incorporating a cover crop rotation in a
semi-arid cereal-based system are highly variable compared to the humid environments that the
bulk of cover crop research has been performed (Blanco-Canqui et al. 2015).
In general, cover crops are promoted worldwide due to the conservation benefits including
reduced soil erosion, greater water infiltration, and enhanced soil biological abundance and
activity (Snapp et al., 2005; Myers and Watts, 2015; Sanderson et al., 2018). Although livestock
grazing or haying of cover crops could provide a low input alternative for beef cattle nutrition
requirements while delivering a low-input cover crop termination method, previous research
evaluating the integration of livestock grazing on cover crops focuses mainly on the following
crop production and soil attributes and evaluates little metric of the effects of cover crop
mixtures on animal nutrition with the exception that grazing cover crops could expose livestock
to toxic levels of nitrates (Brummer et al., 2018; Farney et al., 2018; Lenz et al., 2019b). The
lack of information integrating the effects of cover crop mixtures on commodity crop yield,
cover crop biomass and forage quality for livestock grazing or haying limits our understanding of
the long-term sustainability of integrated crop-livestock systems involving cover crops for
livestock forage in dryland cereal grain production systems in the Northern Great Plains.
Recently, the Northern Agricultural Research Center in Havre, MT completed a long-term study
(8-years) evaluating 15 different cover crop mixtures (29 species) and 3 cover crop termination
methods in a semi-arid wheat-fallow system in the Northern Great Plains. Of the 15 cover crop
mixtures, 5 of the mixtures were predominately cool-season, warm-season, or a mixture of cooland warm-season species (mid-season). Cover crop seeding rates and planting dates were based
on Montana Natural Resources Conservation Service recommendations to ensure each cover
crop was planted at the respective rate and planting window (cool-season, early-April to midMay; warm-season, mid-May to mid-June; mid-season, May), mimicking general planting rates
and dates of the region for each cover crop group (USDA-NRCS, 2021a & b). Cover crop
mixtures were typically terminated from late June to early July to avoid volunteer cereal grains
in the following wheat crop. Cover crops were either terminated by herbicide, swathing and
bailing, or grazing. All crop fields were managed as no-till for over 25-years. Measurements of
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wheat production (Bourgault et al. 2021), soil bacterial communities (Eberly et al. 2021), and
cover crop forage quality (Wyffels et al. 2021) in response to cover crop mixture and termination
methods are described in detail in research manuscripts published in “Renewable Agriculture and
Food Systems”.
THE ROLE OF COVER CROP MIXTURE ON FORAGE QUALITY
The forage quality and quantity research results from the aforementioned study (Wyffels et al.
2021) suggests that individual mixtures within the cool-, warm- and mid-season groups had
minimal effect on forage quality and biomass, with the exception that the addition of oat in a
cool- or mid-season cover crops can increase overall biomass production, however, oats can
reduce crude protein content in cool-season mixtures, most likely linked to maturity of the oats at
termination. In general, warm- and mid-season cover crop mixtures were found to produce
greater crude protein and total digestible nutrients than cool-season mixtures; however, they
produced less biomass at the time of termination. Typically, the forage produced by the cover
crops in the study met the nutritional requirements of beef cattle for most stages of production at
the time of crop termination (National Research Council, 1996, 2016). However, it should be
noted that the cool-season cover crop mixture did not fully meet the crude protein nutritional
requirements for cattle one of the years in the study, likely related to below-average precipitation
for that growing season.
Although nutrient quality sets the upper limit of individual animal performance, forage quantity
determines the proportion of the performance that is attained (Duble et al., 1971; Sollenberger
and Vanzant, 2011). Thus, forage quality interacts with forage quantity in determining animal
performance, where forages with greater nutrient quality require less forage quantity to reach
maximum potential. Therefore, it is generally considered that moderate to high-quality forages
require 670- to 890-lbs ∙ ac-1 of forage biomass to achieve optimum animal performance while
grazing (Duble et al., 1971; Sollenberger and Vanzant, 2011). The cool- and mid-season cover
crops produced adequate forage biomass to achieve optimum animal performance the majority of
the years of the study. However, the warm-season cover crops never produced over 471 ± 34-lbs
∙ ac-1. Of the years that cool- and mid-season cover crops did not produce adequate forage
biomass (2017) was a severe drought, with precipitation during the growing season 4.7-in below
average. Although severe drought can reduce overall biomass production, forage quality is often
greater under drought stress compared to normal conditions (Grant et al. 2014), as seen in the
study. When not limited by the nutritive quality of forage, cattle typically consume 1 – 3% of
their body weight daily (Cordova et al., 1978). Thus, assuming an animal consumes 3% of its
body weight per day, a 1200-lb cow will consume approximately 36-lbs ∙ d-1. Therefore, based
on the assumption of 50% use, the cover crop mixtures used in the trial could support
approximately 1.2-ac ∙ animal unit months (AUM)-1 for cool-season mixtures, 2.2-ac ∙ AUM-1 for
mid-season mixtures, and 7.1-ac ∙ AUM-1 for warm-season mixtures.
Species composition of the cover crop mixtures used in the study also did not influence nitrate
contents. Both mid- and warm-season cover crop mixtures contained greater levels of nitrates
than cool-season cover crop mixtures. These results are likely due to the stage of maturity as
nitrate levels are negatively associated with plant maturity (Khorasani et al., 1997; Lenz et al.,
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2019a). It is not recommended for pregnant cattle to graze forages with greater than 1500 ppm
nitrates on a dry matter basis; however, 1500 to 5000 ppm on a dry matter basis is generally
considered safe for non-pregnant livestock. (Cash et al., 2002). Nitrate levels between 5000 and
10000 ppm on a dry matter basis are not suitable for livestock grazing but could be harvested and
fed as hay to non-pregnant livestock, as long as feeding is limited to 25 – 50% of the ration
(Cash et al., 2002). All cover crop mixtures used in the study contained between 1500 and 3500
ppm nitrates on a dry matter basis on average. Additionally, each cover crop mixture produced
nitrates at unsafe levels for livestock grazing for one year of the study, likely related to drought
conditions. Thus, when evaluating the potential for nitrate toxicity associated with grazing cover
crops, forages should be tested prior to grazing, especially during drought conditions. If nitrate
levels of a cover crop are beyond the limits for livestock grazing, producers should consider
postponing grazing till nitrate levels drop to a safe level or harvest the cover crop as hay.
THE ROLE OF COVER CROP MIXTURE AND TERMINATION METHOD ON THE
FOLLOWING WHEAT YEILD
The wheat yield research results from the above-mentioned study (Bourgault et al. 2021)
suggests that termination methods did not significantly impact the following years grain yield
and cover crop biomass was a poor predictor of wheat yields. Although not consistent across
years, wheat yields following cover crops as a replacement of fallow were reduced frequently
and large enough to raise some concerns about the introduction of cover crops in semi-arid
cropping systems in the Northern Great Plains. Maximum reductions were 19-bu ∙ ac-1 (60%) for
winter-wheat and 15-bu ∙ ac-1 (35%) for spring-wheat; such reductions are likely to have
important consequences on the economic margin of production. Warm-season cover crops may
limit the effect on subsequent wheat yields and be a safer alternative, however, the low biomass
accumulation generally, demonstrated a poor performance as cover, let alone as forage (Wyffels
et al., 2021). It is also doubtful that such low productivity and the lack of consistent cover would
lead to the expected long-term soil health benefits.
BASIC CASH VALUE USING TWO YEAR PRODUCTION CYCLES OF WHEATCOVER CROP ROTATIONS AND TERMINATION METHODS
Basic cash values were calculated using the above ground biomass plus the subsequent wheat
crop value on a cash basis (Table 1). Full economic analysis for the 8-year projects is currently
being modeled based on the published data from the above-described research. Cash value of the
wheat-cover crop rotation to the enterprise was calculated by valuing the above ground biomass
at $105.88 ∙ t-1 if cut then baled or valued as $30 ∙ AUM-1 if the above ground biomass was
grazed. The cover crop treatment that was chemically treated as a termination step was valued as
$0. These were added to the subsequent winter- and spring-wheat crop yields based on average
price and protein bonus to establish a two-year cash return. Prices we collected from harvest
averaged for Portland prices to standardize shipping for all areas of Montana. Data presented are
not a full economic analysis with machinery and production costs. This data is presented to
represent a value to the farm/ranch in comparison to a wheat-fallow production system, so
producers could critically evaluate the value of the cover crop as a forage source. In general, all
chemically terminated cover crops and warm-season cover crop mixtures provided no additional
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cash value compared to the traditional wheat-fallow system. Harvesting cool-season cover crops
as hay produced the greatest value compared to all other rotations and terminations methods,
producing approximately $394 ∙ ac-1 more than the traditional wheat-fallow system (Table 1).
Harvesting mid-season cover crops or grazing cool- and mid-season cover crops also added
greater value to the cropping system than the traditional wheat-fallow rotation. However,
harvesting cover crops as hay would also likely increase production costs that may offset the
differences in cash value between haying and grazing termination methods of cool- and midseason cover crops.
Table 1. Total 2-year cash value ($ ∙ ac-1) averaged over 8-years of a wheatcover crop mix (spring and winter wheat; cool-, mid-, warm-season cover
crop mixtures) rotation with 3 cover crop termination methods of a
traditional wheat-fallow system at the Northern Agricultural Research
Center, Havre, MT.
Termination Method
1
Rotation
Chemical
Hay
Graze
Fallow
SE2
Spring-Wheat
1149.24a 85.77
Cool-Season
1149.24ab 1542.97d
1397.15c
85.77
3
ab
c
bc
Mid-Season
1149.24
1356.45
1279.71
85.77
ab
ab
ab
Warm-Season 1149.24
1212.60
1189.14
85.77
Winter-Wheat
1218.90a 99.77
Cool-Season
1218.90ab 1612.63d
1466.81c
99.77
ab
c
bc
Mid-Season
1218.90
1426.11
1349.36
99.77
ab
ab
ab
Warm-Season 1218.90
1282.26
1258.79
99.77
1
Wheat-cover crop rotation (cool-, mid-, warm-season mixtures)
2
Pooled standard error.
3
Mixture of cool- and warm-season species
Basic cash values were calculated using the above ground biomass plus the
subsequent wheat crop value on a cash basis.
All variables within spring or winter wheat lacking a common superscript
differs by P < 0.05.
CONCLUSION
Although warm-season cover crop mixtures had greater crude protein levels, total digestible
nutrients and less of an impact on wheat yields compared to cool-season mixtures, warm-season
species produced the least amount of biomass with the highest levels of nitrates. Additionally,
warm-season cover crops added no additional cash value when compared to a wheat-fallow
system. An integrated crop-livestock system approach that is mutually beneficial for livestock
and crop producers necessitates a cover crop that produces an abundant source of forage that
meets livestock nutrient requirements. Therefore, in a dryland cover crop-wheat rotation that
requires early-July termination to prevent volunteer cereal grains in the following wheat crop,
cool-season cover crop mixtures should provide a suitable forage source for livestock grazing
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most years. The potential for a reduction in wheat yields following a cool-season cover crop may
be mitigated using the cool-season cover crop as a forage source for livestock. However, the
relatively high and variable nitrate levels of all cover crop mixtures suggests that forage should
be tested for nitrates before grazing/haying. Further economic analyses are required to determine
if the integration of livestock is necessary to mitigate the risks associated with the introduction of
cover crops in replacement of fallow in the Northern Great Plains.
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MANAGEMENT OF FORAGES WITH HIGH NITRATES
Hayes B. Goosey 1
ABSTRACT
Livestock producers are often confronted with how to feed high nitrate forages. The concern
with nitrate consumption by livestock is the rapid conversion of nitrate to nitrite in the rumen.
Once converted, excessive nitrites are then absorbed into the bloodstream and bind with
hemoglobin to produce methemoglobin which can result in a range of health issues in livestock,
namely early-term abortions and/or reduced breeding efficiency. Producers operating in the
forage industry who either produce hay for their livestock or hay for sale can help to minimize
nitrate accumulation in plants by following crop production guidelines and reduce nitrate
consumption by livestock by observing feeding and grazing strategies. Producers should always
test forages for nitrate accumulations through a qualified lab before feeding to livestock.
INTRODUCTION
High nitrates (NO3) can accumulate to toxic levels in many forage crops. High nitrates have
been recorded in both cool-season annuals (i.e., oats, rye, wheat, barley, triticale, spelt, etcc.) and
warm-season annuals (i.e., sorghum, sudangrass, millet, corn) as well as perennial forage species
like bromegrass, orchardgrass, fescue, sweetclover and alfalfa (Provin and Pit 2012, Glunk et al.
2015). Additionally, many of the plant species in the Goosefoot Family (Chenopodiaceae), are
common annual weeds associated with cultivated in the western US, also are considered high
nitrate accumulating plants. Some common members of the Goosefoot family are Kochia
(Kochia scoparia), Russian Thistle (Salsola iberica), and Lamb’s Quarter (Chenopodium
berlandieri) (Provin and Pit 2012).
First reported in 1895, livestock poisoning from plant nitrates has since been realized as a
common occurrence and concern for livestock producers. More accurately termed nitrite (NO2)
poisoning, the condition and associated losses were common in the 1930s when large acreages of
drought-stricken oats were harvests and fed to livestock as forage (Westcott et al., 2012). Nitrate
alone is not toxic to animals and in the rumen nitrate is broken down to nitrite and then typically
to ammonia (NH3); however, when forages contain excessive levels of nitrate, the rumen
becomes overwhelmed and much of the nitrate is not full processed into ammonia and the
intermediate step, nitrite, enters the bloodstream through the small intestine Hemoglobin carries
oxygen in the bloodstream; however, when it binds with nitrite methemoglobin is formed which
reduces or even stops oxygen transport to in the body. This low oxygen supply can cause many
negative effects in livestock and severity of animal poisoning is often a combination of the level
the and duration exposure. Chronic toxicity results from animals consuming small amounts of
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high-nitrate forages for longer time periods, while acute toxicity results from animals consuming
large amounts of high-nitrate forages in a short time period (Kahn 2005).
ANIMAL SIGNS OF TOXICITY
Signs of early or chronic toxicity: watery eyes, reduced appetite, reduced milk production, rough
hair (unthrifty appearance), weight loss or no weight gain, night blindness, and abortion.
Signs of acute toxicity: accelerated pulse rate, labored breathing, shortness of breath, muscle
tremors, weakness, staggering gait, cyanosis (membranes such as the tongue, mouth, vulva, and
the whites of eyes, turn blue), and death.
Treatments exists for both chronic and acute nitrate poisoning; however, both the risk and speed
of nitrate poisoning make management of nitrate accumulation in forages the most desirable
option for producers (Cash et al. 2006).
MANAGEMENT OF GROWING CONDITIONS
All plants contain detectable amounts of nitrate and under normal growing conditions, nitrate is
quickly converted to protein when adequate sunlight energy is available. The accumulation of
nitrate in plants occurs when uptake from the soil exceeds plant photosynthetic use for protein
synthesis (Sidhu et al. 2011). Many factors contribute to accumulation of plant nitrates and
producers and agricultural advisors need to be aware of these conditions when they occur during
forage production.
Stressed growing conditions are one of the most significant factors contributing to nitrate
accumulation in forage plants. Stressed conditions include: drought, frost, hail, excessive
shading, low temperatures, herbicide damage, soil nutrient, and mineral deficiencies, and damage
from pest insects and/or diseases (Gunk et al. 2015, Sidhu et al. 2011). Nitrate accumulation
varies by crop and crop variety, forage management, soil fertility, plant part, and plant maturity
(Table 1).
Plant species do vary in their ability to accumulate nitrates and even different varieties of cereal
forage crop will exhibit differences. Selecting crops and cultivars that have lower accumulation
potential can help reduce toxicity levels. Also consider the environmental growing conditions
for each year, separately, and adjust inputs accordingly. Additionally, forage crops grown on
soil with excessive Nitrogen fertilization are suspect for nitrate accumulation (Table 1).
Additionally, phosphorous, potassium, and sulfur soil deficiencies will often lead to excessive
nitrate accumulation in plant tissue while sufficient levels will aid plants converting nitrates to
proteins, resulting in lower total accumulations. A good practice is soil sampling and amending
soil nutrient profiles according to laboratory results which result in proper soil and plant nutrient
balances and efficient plant photosynthetic capabilities.
Good preventative forage production practices will aid in reducing plant nitrate accumulations.
In general, soil test and apply all fertilizer according to lab results. Control nitrogen
accumulating weeds in forage fields, use alternative cereal forages with high water uses
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efficiencies (winter and spring cereals) and in northern climates, cool-season cereal forages can
be grown and harvested often before hail, drought, or frost conditions occur (Glunk et al. 2015).
Table 1. Nitrate accumulation varies among crops, varieties, plant maturity, with forage
treatment and nitrogen fertilization management (adapted from Glunk et al. 2015).
Generality
Plant species and varieties vary in nitrate accumulation
Nitrates decrease as plants mature
Plant parts vary in nitrates
Nitrates increase with high N fertilization
Ensiling tens to decrease nitrates once fermentation is
complete
1

Westcott et al. 2021; 2 Crawford et al. 1961; 3Vough et al. 2006

Example NO3 (ppm)
Oats contained 1.5 times the nitrate as the average of oat, barley,
spelt, spring wheat and triticale. Westford barley accumulate more
nitrates than Haybet barley1
Heading
5047
Oats at:
Flowering
4726
Soft dough
3027
Stems2
8000
Oats with 100 lb N/acre:
Leaves
4200
Heads
1000
50lb N/acre2
6000
Oat stems at boot stage
100lb N/acre
8000
with:
150lb N/acre
12500
Corn with 200lb N/acre as:
Green forage3
2319
Silage
1468

HARVEST MANAGEMENT
If any of the above conditions occur during the growing season, those forages should be suspect
for nitrate accumulation and precautions should be taken before feeding. Plant nitrate levels are
highest in the morning and so harvest and/or grazing should be avoided during this time
especially with fields suspected of high nitrate accumulations. Instead, delay harvest until the
afternoon on warm sunny days to give plants the time needed to process any excessive nitrates
accumulated during night time. The lower portions of the plants, (i.e., roots and stalks)
accumulate the highest levels of nitrates followed by leaves and then grain (Strickland et al.),
Kahn et al. 2005). Elevating the cutting bar at harvest above the lower 1/3 of plant stalk will
help to reduce the harvested nitrates in baled forages.
Nitrates are often reduced in more mature cereal forages and levels can often be reduced by
delaying harvest from stem elongation and flowering until the soft dough stage (Table 1).
During drought conditions, often certain fields may receive a drought-ending rain. Under these
conditions, producers should wait approximately one week before harvesting or grazing allowing
plants sufficient time to process any accumulated nitrates (Fjell et al., 1991). General practices
worthy of consideration are to both anticipate and test for nitrates before, during, and following
any growing season stresses. Conditions such as frost, drought, insect damage, etc. can and often
do results in nitrate accumulation and so identifying these events and testing forage will allow
producers to harvest and stack hay in lots, according to nitrate levels. This will allow for
producers to feed out hay knowing the nitrate levels and blend those forages will excessively
high nitrate levels. Crimping forage crops during harvest will improve dry-down time and will
also accelerate nitrogen volatilization often giving off nitrogen-based gas and denitrifying the
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hay prior to baling. When feeding, nitrate toxicity often occurs when animals are pastured or
feed green chop, followed by hay.
Preserving forages as silage, haylage, or balage will often result in nitrate reductions of 10 to 60
percent (Glunk et al. 2015) due to the fermenting microbes converting forage nitrates to
ammonia (Ziegler 2021), In traditional dried hay bales, nitrate levels are typically very stable and
remain very close to the levels recorded at harvest. Harvested forages should always be tested
before feeding to livestock (Table 2).
GRAZING HIGH NITRATE FORAGES
When allowing livestock to harvest their own forage in stockpiled forage or crop residue fields,
several guidelines will help minimize any associated risks. First, grazing animals typically eat at
a slower rate than in a situation with harvested feeds (Strickland et al. Drewnoski et al. 2019).
This will help to reduce the rate of nitrate accumulation in the animal and subsequent issues with
toxicity. Grazing animals typically select plant leaves and heads first which contain substantially
fewer nitrates than plant stems (Table 1). Animals should not be stocked at high densities or
strip grazed as this will increase the intake amount and rate of higher nitrate stem material (Block
2020). In Nebraska, cattle were allowed to graze brassica forage mixes with whole-plant nitrate
levels between 17,720 and 35,440 ppm without detrimental effects associated with nitrate
toxicity. Cattle were lightly stocked allow and allowed to graze the fresh high moisture forage
which further reduces nitrate release by the plant (Drewnoski et al. 2019).
Animals grazing high nitrate fields should be fed in the morning with low nitrate hay, before
release onto high nitrate stockpiled forages. This will slow down the animal intake rate and help
to minimize toxicity issues. The key to this strategy is gradual adaption of the rumen to the high
nitrate forages. Keeping the animals mostly full with low nitrate forages while slowly increasing
the high nitrate portion of the diet will aid in increasing the rumen bacteria capable of converting
nitrate to ammonia. Adapted animals can graze higher nitrate forages with lower risk. Producers
can also blend high nitrate forages with other feedstuffs to achieve lower total nitrate levels in a
quantity of feed and allow animals access to unlimited, high-quality, and low nitrate water
(Block 2020).
Finally, producers can consider grain supplementation while feeding higher nitrate forages. This
strategy supplies needed energy to the rumen microbes to successfully convert high levels of
plant nitrate into bacterial protein. Many cover crops with high levels of brassicas (i.e., turnips
and radishes) are highly digestible and may, by themselves, provide sufficient energy to the
rumen microbes and eliminate the need for grain supplementation (Drewnoski et al. 2019).
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Table 2. Effect of nitrate concentration on livestock1 as reported by Montana State University.
These guidelines are more conservative than published by others (as reported in Glunk et al.
2015).

SUMMARY
Judicious use of fertilizers and awareness of factors inducing plant stress combined with good
livestock management can help reduce losses from nitrate poisoning. Producers should always
test forage nitrate levels with a certified lab before feeding. With a nitrate analyses, producers
should also request forage nutritive estimates which are useful when balancing winter rations.
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Whither the Future of Forage Research?
PERSPECTIVES AND FUTURE OF RESEARCH /EXTENSION
FOR FORAGES IN THE WESTERN STATES
Panel of Recent and Near-Future Forage Retirees from Industry and Academy
Steve Fransen, and Emily Meccage 1
INTRODUCTION
It is our honor and pleasure to introduce ten key western forage specialists who have spent most
of their careers and/or influenced producers’ success and understanding of forages. Within a
short period, a large number of the current generation of forage scientists will retire or have
retired a short time ago. Our professors, those of the WWII and Korean War generation, used the
G.I. bill to obtained graduate degrees. They set the scientific foundation for current foragerelated knowledge and greatly benefitted dairy, beef, horses, and hay industries, while being our
teachers/major professors. These forage scientists were of the highest integrity, professionalism,
and work ethic. It was common during the 50’s, 60’s and 70’s, after arriving early to work, these
scientists worked hard all day, left work at quitting time, but then returned to the office/lab to
work another three hours before going home for the day, not to mention weekends. Most of those
traits were unspoken but passed on to their students, the ‘boomer’ generation, the generation now
retiring. When they retired, all went quietly, leaving a legacy for future forage producers and
scientists, but they seldom had the opportunity to share what influenced them, how they felt
about their jobs, and how they balanced work and home life. In this platform, a select group of
recent or near retirement forage scientists were given the opportunity to answer a series of six
questions to share experiences and provide heart-felt suggestions and recommendations to the
next generation of forage producers, agronomists, and scientists in both industry and academy.
One missing name, Steve Orloff, UC Cooperative Extension forage agronomist, who would be
retiring about this same time, unexpected passed on October 3, 2017. We dedicate the reflections
and recommendation from his peers to Steve’s legacy and future western forage specialists since
his voice was lost too early.
PARTICIPANTS
Current and Near Future Retirees: Each scientist is listed alphabetically by last name followed by a brief
sentence about that person. In the questions, a two-letter abbreviation is to be used to identify the
author’s responses to each question. Answers were not edited. We hope you enjoy their comments.
Mylen Bohle (MB), Oregon State University is completing an Extension and research career in central
Oregon. His focus has been with field studies mixed with lab forage quality.
Dennis Cash (DC), Montana State University retired from Montana State University (MSU) then worked
in seed/breeding industry. His MSU focus identified high nitrate forage issues.
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Steve Fransen (SF), Washington State University forage research and Extension agronomist split his
career on both sides of the Cascade Mountains at Puyallup and Prosser REC. His focus has been field
studies followed by lab analysis for forage quality.
David Hannaway (DH), Oregon State University, Corvallis, OR has maintained a three-way
appointment, research, Extension and teaching, a very difficult assignment. His focused has been
identifying environmental factors and agroecological zone maps nationally and internationally for
different forage species.
Don Miller (DM), alfalfa and teff grass breeder and director of product development with Alforex Seeds
based in Nampa, ID. Don is also active in farmer education through many workshops and
regional/national conferences.
Mike Ottman (MO), forage Extension and research agronomist at the University of Arizona, Tucson.
His focus has been with water and irrigation management of many different forage crops under
extreme desert conditions.
Dan Putnam (DP), forage Extension agronomist at the University of California, Davis. Dan’s focus is
alfalfa yield and quality for both domestic and export sales. He has led the Western Alfalfa and
Forage Conference for decades.
Glenn Shewmaker (GS), Extension forage agronomist at the University of Idaho, Kimberly, ID. His
focus is with all forage crops and pastures in the irrigated zones of southern Idaho. Glenn has
sponsored an annual winter forage crops educational meetings for years.
Mark Smith (MS), alfalfa breeder for Pioneer and S&W seeds for many years. Mark has always been
willing to share his expertise on grower farms and grower meetings.
Dan Undersander (DU), Extension forage specialist at the University of Wisconsin, Madison. Dan’s
focus is broad but has spent much of his career with alfalfa and forage grasses. Dan has contributed
numerous times to educational conferences and workshops in the west.
QUESTIONS AND RESPONSES FROM RETIREES
1. What was the hardest thing that you learned during your early career? Do you have a different
answer now, based on later career experiences?
(MB): My master’s degree was in dryland cereal production and I took on a much more irrigated
agronomist work position, so the learning curve was steep the first couple of years. Early on the more
I worked with different problems, the less black and white the problems and solutions became in
many instances (a career farmer/Agribusiness man told me that he was happy to hear me say that).
For an Extension Agent: Understand your producer’s way of life (and each one may be different).
Based on your new position, ask colleagues about conferences and trainings that would help you in
your subject matter work area. There are subject matter opportunities that can help you gain subject
matter expertise quicker at the beginning of your career.
(DC): To master a breadth of knowledge – forage science involves many different disciplines, so one
must be proficient in many topics from basic crop growth through digestion by an animal. A proud
new PhD must become a generalist.
(SF): Peers and colleagues give you credibility almost completely at your first meeting. Producers, in the
field or first meeting will ask you tough questions (which they already know the answer to) just to see
your response and find your depth of knowledge before you earn their credibility. Once you’ve
earned that credibility, you never want to jeopardize it. That earned credibility will last your entire
career.
(DH): It was stunning to me that forages are not respected in spite of their great importance to world
agriculture and the environment. The lack of organized political support continues to result in a lack
of support. Numerous regional and national efforts have not substantially changed this situation over
my career; some lip service, little financial support or priority staffing to fill retirements.
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(DM): I think the hardest thing I learned early in my career was to realize that even though I had a PhD
and was trained as an alfalfa breeder there were times that I might not know the answer to every
question a grower asked about alfalfa. Over time I eventually realized that there was nothing wrong
with admitting that I didn’t know the answer. In those situations, I found that the best course of action
was not to rush my response, but to tell the grower I
What was the hardest thing you
would research the problem and get back to him with
my best answer. The second hardest thing I learned
learned…?
was that I needed to remind myself to keep an open
Over time, I eventually realized
mind and to consider other viewpoints when making
that there was nothing wrong
any important research decision or grower
with admitting that I didn’t know
recommendations. I found that if I was not careful,
the answer. – DM
personal biases or preconceived ideas could influence
how I approached plant breeding and/or diagnosing
field problems. I always go back to the story I was told early in my career about a farmer that asked 4
researchers to diagnose a production problem he was having in his alfalfa field. The pathologist
thought the yield loss was due to a disease, the entomologist said it was due to insect damage, the
soils person said it was a soil structure problem, and the fertility specialist said the yield loss was due
to a fertilizer imbalance or deficiency. In reality the field losses may have been due in part to all of
the above, but each researcher looked at the problem from their narrow point of view and their
personal bias influenced their response. In your career you must always keep an open mind, and don’t
be afraid to consider other viewpoints. Accept input from others and explore all the possibilities
before you determine the best course of action for any problem you encounter.
(MO): Early on in my career, I quickly realized that there was more to do in this job than there were hours
in the day to do it. So I decided that I needed to be careful how I spent my time and to select activities
that had the potential for impact. Earlier in my career my approach was to worker harder and smarter.
Later on, I learned I needed to delegate more and seek collaborators because I could not do it all.
(DP): To be honest, I felt rather intimidated early on, thinking I didn’t know enough to be useful.
Probably didn’t. I don’t know if every young person feels this way, perhaps they do. However, as
time went on, I began to realize that knowledge is truly infinite, and there is always more to know and
learn. One learns by doing. My life experiences in agriculture were helpful. As one of my professors
said – we are all born into ignorance, and knowledge comes, as to a kindergartner, by asking simple
questions. One should humble oneself before the mysteries of the universe and seek understanding.
Now that I’ve been at this ag. research and extension gig for more than 40 years, I’m fully convinced
that there is lot more to learn than what I know, perhaps the first step towards wisdom. That actually
gives me a thrill, since opening one’s mind to new ideas and concepts is highly satisfying.
(GS): Time budgeting, priority decisions, focusing on several important issues rather than every “rabbit
trail.” The university expectation for external funding is a big driver in a helter-skelter approach to do
projects based mostly on funding opportunity. The USDA-NIFA funding obtained by NAFA is a
large contribution now that wasn’t available in my early career. However, forage producers need to
step up and establish state-funded research and extension to be competitive with other commodities.
(MS): The most difficult thing was learning to lead and manage a breeding program. We focus on science
in school for many years, but we do not take business and management courses. This holds for both
academics and industry positions and preparations are needed. My answer will remain the same today
as 35 years ago, have this curriculum added to all graduate programs. People are complex and an
introduction to management practices will be beneficial.
(DU): Research results are narrow in regions of applicability and care needs to be given when answering
for different environments.
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2. What methods did you use to search for effective collaborators for projects that you were
interested in but needed help to accomplish?
(MB): I started putting out trials on-station, first based on past and present research and present
conversations with Extension faculty. Then as I became more familiar with the area and producers
and problems/opportunities; I then started putting out some trials on-farm. Some trial work is better
done on station, and some done off-station. Although, on-farm research trials increase the risk of
compromised research. On-farm trials were better done for different soil fertility research – it was not
always available to be able to duplicate on-station.
(DC): First and foremost – address legitimate needs of producers. Then surround yourself with cuttingedge producers, Extension faculty, and academic or industry researchers to address those needs.
(Funding was a larger hurdle than capable collaborators in my view).
(SF): Producers or colleagues will present you with many issues and opportunities. Do you have time and
can find the resources to tackle that problem? Does this issue fall within your interest? Money and
time are our most limiting factors. Look for good producers and colleagues to work with. They make
ever project fun, and worthwhile.
(DH): Initiated a regional forage workers group including Oregon, Washington, Idaho, Montana, and
northern California, and British Columbia and Alberta, Canada. Resulting friendships have provided
excellent collaboration for decades. Participated in the California Alfalfa Symposium leading to
connections with many outstanding alfalfa and
forage specialists. Obtained NIFA grant support
How to find effective collaborators…?
for a National Forage & Grassland Curriculum
Surround yourself with cutting-edge
project that involved numerous state forage
producers, faculty, and academic or
scientists. Reached out to scientists in other
industry researchers. – DC
departments and colleges for expertise needed
that was outside of forage agronomy.
(DM): I think being aware of what projects other researchers are working on can help you find
collaborators. Going to professional conferences and listening to all the papers being presented, helps
you find and meet people that might have similar research interests or have expertise in areas that
could be beneficial to your project. Another source of collaborators, outside the scientific community,
are alfalfa producers. Sometimes alfalfa producers encounter significant production problems due to
insects, nematodes, diseases, or just general agronomic issues. These producers have a vested interest
in finding solutions and/or answers to their problems and are often willing collaborators. I have found
that many producers are willing to provide land for field plots to test possible solutions. If there is
chronic pest problem on the farm, producers are often willing to let you use or rent an acre or two of
their farms for a selection nursery or in the short term, allow you to make plant selections out of
existing fields that have a significant stand loss.
(MO): When I first arrived, I introduced myself and spent time with every Cooperative Extension and
USDA-ARS employees who were potential collaborators. As new people arrived, I did the same with
them also.
(DP): This symposium is an important demonstration of collaboration between 11 western states! I think
that I have used mostly intuition to find collaborators – I’ve learned that one cannot work with
everyone in terms of personality– some people don’t play well in the sandbox. That’s true with either
academics or farmer-cooperators. However, when I truly lack in an area of expertise, and need an indepth collaborator, I have been able to find one. I look for ‘passion’ or motivation on the part of
collaborators – those people who have the zeal and motivation to follow through. My many
collaborations with people like Steve Orloff have been particularly satisfying. Some academics can be
protective of territory and aren’t interested in sharing ideas or efforts – and I’ve learned that one
cannot work with those folks. But in retrospect, I think I have learned more from collaborators
(especially farmer-collaborators) than I have taught. Just a comment on this – having travelled in
other countries, I’ve noticed that our American habit of open conversation in the scientific community
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our collaboration and interaction with academics and farmers (in extension) is highly valuable – there
are many countries where this is not the case. All of science is highly collaborative, either in real-time
or by standing on the shoulders of those who came before.
(GS): Networking with professionals at regional, national and international meetings. My mentor, Hank
Mayland, was a master at finding cooperators with skills and knowledge to complement the project.
Many times, the essential skills are outside your field of expertise.
(MS): Collaborators are essential to all research programs. I use collaborator data and overall data quality
that they publish. If a collaborator publishes poor quality data, I shy away from working with them.
We strive to ensure high data quality and expect the same from top collaborators. I feel we have
worked with the best in both academics and industry to help growers be profitable in their operations.
(DU): I used extension agents and some industry contacts to get collaborators.
3. What was the point of ‘no-return’ in your career that determined this was what you were
meant to do with your professional life?
(MB): After completing a multi-year Peace Corps assignment, and pursuing a master’s degree in Crop
Science in order to head back overseas… But once finished with the degree… I thought I better stay
in the states… I was then offered an Extension position more focused on crop production, but thought
I might be more interested in a Hort position with focus on more Master Gardeners and homeowner
horticultural work… I attended a quarterly state Master Gardener meeting and then attended the PNW
Forage Workers Conference annual meeting within a week of each other. I sat down and listed out the
pros and cons of the two positions and the work vs. social aspects of the position locations. When I
did that, it became crystal-clear to me which work I was most interested in and that the social aspect
of the position locations was not as important. So, I accepted the present offer and chose not to pursue
the other position. And 32 years later… no regrets.
(DC): The completion of that first successful project which led to producer success AND kudos at the
University (i.e. a publication, recognition, etc.).
(SF): I was a summer student assistant doing field plot work, running photosynthesis in the lab, grinding
samples with different grasses and legume. I came from a wheat farm and these forages were much
more interesting than wheat. A couple years later, that same ARS forage scientist (whom I’d worked
with for two years) came to me with an offer from another professor to do a M.S. in barley breeding. I
said, “I really appreciate this offer, but I like what we do here, and I want to learn more and stick with
these forages.” I have ever since, that was 50 years ago!
(DH): Being hired as an Extension Forage Specialist with a partial research assignment. Other Extension
specialists were excellent mentors, providing encouragement and sharing projects. Working with
supportive hay growers and 4-H colleagues who showed appreciation for the efforts made.
(DM): After I completed my bachelor’s degree in Biology, I was still unsure of what career choice would
best fit my biology background. It was during that time I got a job as a technician for the alfalfa
breeder at New Mexico State University. While working for him on the alfalfa project, I realized that
a career as an alfalfa breeder would allow me to utilize my biology background and give me the
flexibility of working both in the lab and outside in the field. It was at that time, with the
encouragement my boss, the alfalfa breeder, that I decided to continue my education and get a PhD in
Agronomy and become an alfalfa breeder. I would encourage anyone trying to decide on a career
choice to get an entry level position or work as an intern in that field. Even a summer job in a related
field will give you a good look at possible career choices. That job experience will give you two
things, first some insight as to whether that’s the career is for you, and second it also puts you in
contact with potential future employers in that profession.
(MO): I knew I wanted to have a career in agricultural science during my MS program and was enjoying
what I was doing so much.
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(DP): I think there was a career advisor in college
What was the point of ‘no return…?’
who asked me to draw a vin diagram of those
I was determined I would not be
things I loved and though that I was more-or-less
happy with an ‘office job’ – I entered
good at. I drew several circles, including one for
as a temporary technician in forages,
science, one for agriculture, one for being
outdoors, and another for being of service to
that was the point of ‘no return.’ – GS
others. One should look for overlaps. Bingo. That
and the fact that I had worked a lot on farms, even though my father was not a farmer. There was also
a circle for art and music somewhere, but that got left behind! Perhaps someday. Newbies: draw your
own vin diagram and do what gives personal satisfaction.
(GS): I began my college education in agricultural engineering. I determined I would not be happy with
an “office job” so I changed to animal science. It was difficult to schedule range and forage classes
with this major, so I applied to graduate school and received a more complete education. I returned to
the farm/ranch for several years until I had an opportunity to work in research in plant nutrition of
forages. Although I entered at a temporary technician level, that was the point of “no-return.”
(MS): The publish or perish issue and lack of publications made it impossible to return to academics after
5 years. I also understood that breeding alfalfa would impact more growers’ programs and that has
always been my goal. My father was an extension agent and helping others be successful has been
one of my professional goals. I hope that the products that our team provided accomplished that goal.
(DU): When I started in Wisconsin (33 years ago) and saw the need to translate research results to
farmers.
4. Advice to younger faculty / scientists to balance life demands of teaching / research / Extension
(outreach to customers and colleagues) while securing / defending funding for labs, field plots,
publishing / product promotion, administrative demands, and still have a home life?
(MB): It is hard to do. Utilize a departmental mentoring committee! Talk to faculty who have more years
on the job, from time to time. Ask them what you should be attending and why for professional
development. Learn to say “No” sometimes. Finish what you start before taking on more, if possible.
Develop both a Work and a Life Plan. If your family is telling you that you are neglecting them, you
most certainly are… then rewrite your Work and Life Plan and stick to it.
(DC) Never give up. Those tedious annual reviews and P/T reviews are to be reflected upon seriously by
their authors – if you are performing well at work, you must insure that you are also successful at
home and in relationships. Surround yourself with successful peers.
(SF): Really tough on new faculty because changes due to moving (death, divorce and moving are the
most stressful issues in life) to a new location, new job and new people. Need to be true to yourself
and the goals you’ve set for yourself. Need to do your job with the greatest integrity because
producers / others depend on your expertise. But you must also guard home-life time, so both are
nourished. Set your priorities and dig your heels in the ground firmly.
(DH): It’s mostly impossible. We have all sacrificed home life. Administration pretends to care but makes
continual demands on young faculty. This is especially problematic for forages, since technician and
Hatch project funding has declined precipitously over the decades. Advice to younger faculty is to
reach out for help from established faculty to allow joint publications and participation in grant
supported projects. Initiate a needs assessment among clients you will be serving; farmers and
ranchers, state and regional forage associations, NRCS, SWCD. Read forage and agronomy
association documents on priority research areas. Focus. Don’t let phone and email determine your
days. Start early in the morning with emails. Turn it off, phone and email after 2 hours in the morning
and do something useful for 2 hours.
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(DM): Balancing your home life and work demands can be difficult, especially early in your career.
However, you have to make time for the family. Without their support, work becomes very difficult.
During the early years of your career there are a lot of demands on your time when you are trying to
establish yourself in your new position. There is a tendency to agree to take on more projects than you
actually have time to complete. It is very tempting to work extra hours during day and even on the
weekends to complete these projects, often at
Advice to younger faculty to balance
the expense of your family life. However, you
work and life…?
have to learn to prioritize your work load and
It’s mostly impossible. This is
realize you don’t have to take on every project
that comes your way. Sometimes you have to
especially problematic for forages since
learn to say “No” to non-critical projects. One
funding has decline precipitously over
other thing I found helpful in balancing home
the years. – DH
life with work, was to whenever possible, plan
family vacations around work related travel. If
you have a professional meeting in some other state or country, extend that trip a few days to include
a family vacation at those locations. This can be a memorable event for the family, allowing everyone
to see and experience new places and cultures.
(MO): Remember that even though your career is your passion, and you enjoy your work, it is still “just a
job.” Do not make a habit of bringing your work home. The most important thing in life is your
relationship with your spouse, family, and friends.
(DP): OK so this is a tough one. Very clearly young faculty and scientists have a hard time with balancing
life and work. I certainly have had a hard time with this, for sure. Perspective is always important –
one of my (senior) faculty colleagues early on kept saying to me ‘smell the roses’ as I was rushing out
of the building, which was of course, good advice. To live for the moment and value each moment,
and have perspective, since one’s ‘job’ is not the only thing that critical in the larger scheme of
things. For me, family always came first, but perhaps many times I was not able to follow through
with this. Eventually. I’ve taken a strategy of ‘just this, no more’ – so that I will routinely work a
specific number of hours per day and per weekend (lots of hours), but when done, it’s done, turn the
channel to family, recreation, meals. As a lesson, I’m reminded of a senior faculty member at
Minnesota who (in the 1950s) was scheduled to be married – but then postponed his wedding since he
HAD to put his experiments in that spring. Understandably, she flew the coop. Predictably, he never
married, lifelong bachelor, made many excellent contributions to agriculture – but at what cost? This
served as an important example of the importance of a life-work balance. These days, I count my
relationship with my wife, children, and grandchildren the deepest reward of a career. Here’s the
advice – don’t miss out.
(GS): Unless you are exceptionally organized, you will likely not be successful doing 8-hour work days.
Narrow your focus to a few projects with a high likelihood of success with cooperators. Keep
working until you reach a stopping place for optimum efficiency. For me, that was never at 8 hours
per day.
(MS): Set your long-term goals early and stay true to them throughout your career. Everyone has a
different balance between home life, colleagues, and work and that balance will have to be found
early. Just remember family is always number one in that balance.
(DU): Young scientists should establish themselves in research and/or teaching and then move into
extension when have some years of service. Research and teaching are familiar to faculty and they
feel comfortable evaluating, not so with extension.
5. We have seen issues come and issues go over a long forage career. With fewer trained forage
agronomists today (compared to when we were trained) and knowing new issues will be
forthcoming, how can we (as ‘retirees’) help those producers, who ultimately pay the price /
receive the benefits from our work, so our grandkids can enjoy the same high-quality animal
products / bioenergy that we have during our lifetime
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(MB): Be open to letting younger faculty know that you are always available to help replacement faculty
out; much like an experienced farmer helping-out a younger generation farmer. Replacement faculty
will be working with their area’s producers. We need to offer to share our knowledge and
experiences.
(DC): Producers and commodity groups should encourage the new generation to involve the old scientists
in field days, conferences, etc. (“Encouragement” might mean simply an invite, or might include
some travel expenses). There are a few great examples I’ve seen, including Dr. Joe Bouton is still
very involved with the “Alfalfa in the South” program (which itself has a great cadre of excited young
forage scientists). A couple of seed companies still keep Dr. Dan Undersander in front of producers.
(SF): Use your creativity and mind to develop solution and strategies for those issues and changes that
happen. Be open to learning new areas that intersect with the forages that you grow, e.g., biofuels
from grasses. I learned so much from the chemical engineers and they also learned from me, so
together we could make progress better than working independently. Keep an open mind and level of
curiosity.
(DH): Identify farmers and ranchers for frequent conversations; at their property or coffee shop. Ask
about their immediate issues and their opinions about important issues. But, remember, you need
more than an immediate need perspective. Look for medium-term issues. When promoted to full
professor, you can focus on longer-term issues. Important issues include nitrogen (adequate but not
excessive and use of legumes) and water (species and cropping systems that are water use efficient).
Get informed about GHG, especially methane in animal agriculture; most of the information in the
public domain is incorrect. Do the work to learn what’s real and what’s politically expedient.
(DM): I think many retires still want to contribute to our industry in some way. It would be a shame that
all those years of experience and knowledge was not utilized in some fashion. Below I have listed
several ways I feel the knowledge and experience of retirees can be utilized, helping to fill the void of
trained forage agronomists and research personnel. A retiree can pass on their knowledge and
experience to future generations by: 1. Continuing to work in your current position, but on a part time
basis, 2. Work as a consultant, 3. Make yourself available as a guest speaker at forage events, 4. Write
articles for national and regional forage publications, 5. Write or contribute to chapters in forage text
books, 6. Teach a forage course or give guest lectures at universities, 7. Conduct “Zoom” type
training seminars on forage topics for grower
meetings, 8. Provide technical support as an
With fewer players, how to be effective
advisor for forage seed companies, 9. Advise
extensionists in the future…?
national and regional forage organizations on
The revolution in communications,
forage related projects, 10. Collaborate with
which brings information to every
state researchers on forage grants, 11. Act as
corner of the globe is highly beneficial
reviewer on forage related scientific articles,
to further research and knowledge. – DP
12. Conduct seminars on the web or YouTube
on various forage related topics.
(MO): I would encourage the current forage agronomists to band together, get to know each other, and
establish some sort of formal communication network to support each other.
(DP): There have been profound changes in the issues facing agriculture, and there will continue to be
large changes looming in the future. Economic viability is the key one, and has always been. The
smaller number of farmers and even smaller number of researchers will be a big challenge. However,
the revolution in communications, which brings information to every corner of the globe is highly
beneficial to further research and knowledge. Fewer participants will mean covering more with less –
but there is technology that can help with that. We clearly have a paucity of people intensely
interested in agricultural sciences, especially applied – and need to reach out to non-traditional and
diverse people who can dive into solving problems of the present and future.
(GS): There is an abundance of “snake oil” products on the market. Producers should ask for verification
by Land-Grant University studies. If something sounds too good to be true, it probably is! Salesmen
who claim ounces of product per acre can significantly increase production don’t pass the smell test,
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when you are exporting 100’s pounds of nutrients with each season. A basic problem is that private
industry crop advisors—although knowledgeable—are paid by sales numbers, not how they help
producers make profit.
(MS): We retirees must remain vigilant and active after retirement to ensure the forage industry remains
viable with continued improvements that match future needs. Both industry and academics/extension
forage positions continue to be lost, which should be a concern to all animal producers. All of us will
need to advocate for funding of these lost positions. When I started as an alfalfa breeder, over 20
industry research programs existed. Today, there are 4 and 2 of those are for sale. Same goes for
academic research and extension programs located throughout North America. Today a handful exist
and those are in Minnesota, New Mexico, and California and are all in danger of being defunded.
NAFA has been the voice for forage producers and the checkoff program has assisted in keeping
forage research funded. Future projects need focus to ensure forage needs are meet with the limited
funds. We need to all advocate and support NAFA’s efforts in Washington DC.
(DU): This will continue to be a challenge since funding for production agriculture (both for agronomy
and animal sciences) is slim and declining. A few thoughts: 1. Use of the web for information has
increased greatly and will continue to do so, 2. Use of various distance education techniques (such as
Zoom) will increase, 3. Farmers will have to follow the European model and get information from
paid consultants or industry (while buying product from a company)
6. What advice can you share with future forage agronomists / beginning forage producers, that
can be viewed as a yard stick to monitor their progress, as they approach mid-21st century and
beyond?
(MB): Work with your local clientele to form and nurture a forage association either connected to NAFA
or AFGC (or both), if there are none working in your geographic area. The need of and future success
of a forage association is a two-way street and a win-win situation for the University and producers.
We need and benefit from each other. Then utilize their association boards as advisors. Concerning
research (and could work for Extension), an OSU Crop Science Dept. professor’s advice was to write
your research article before you planted the trial and use it as your guide and then all you had to do
was fill in the numbers in the already set up tables and maybe edit a bit.
(DC): Producers have straightforward metrics – improved bottom line, better ADG on pasture, etc. In my
opinion a successful forage agronomist should accumulate a portfolio of ag producers that have
become successful by those metrics. The icing on the cake is when that portfolio leads directly to
publications and future grants (academic metrics).
(SF): Nothing stays static. Our producers change, politics changes, we change. But our goal is to make
things better for the future generations. Progress demands we monitor and record what has been done
so we can review those differences today. Our minds tend to play tricks and forget so writing things
down brings us back to reality, we can then determine if progress was made. In forages we work with
Mother Nature, the government, and constant changes every day. This keeps us motivated so make a
daily list of tasks to be done, work on a calendar basis on what needs are coming up and prepare now
for months / years ahead. Ask colleagues for help and provide help to them when not even asked. And
try to have fun, even on the worst days!!
(DH): Get a copy of the promotion and tenure requirements (metrics) for your institution. Focus on
making sure each requirement will be met within 5 years. Partner with colleagues for joint
publications. Identify a signature area you will be known for Identify a support staff individual who
can help you write progress reports. Ask for help!
(DM): I think there is always a tendency to stick to what has worked in the past and not push the envelope
and try new things. Young agronomists and producers must be willing to move forward and try new
technologies or they will never improve alfalfa production and/or increase the alfalfa producer’s
profits. Progress is difficult to obtain if you do the same thing year after year. When I think back in
my career of how hard it was to get some farmers to try new technology or a new improved variety, I
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often refer back to a story that my old boss Dr. Bill Melton told me about a farmer in New Mexico.
Dr. Melton was trying to convince a farmer to try a new variety he had just released. This farmer had
always planted an alfalfa variety called “Zia” that his father had used and he didn’t think there was
anything better. Finally, Dr. Melton gave the farmer a bag of seed of his new variety “Mesilla” and
told the farmer to plant it next to the old variety. The next year the farmer came back and said the new
variety significantly outperformed the old variety and the new variety was what he was going to plant
from now on. Ten years later Dr. Melton released another new variety and when he approached the
same farmer about trying the improved genetics, he got the same response he got ten years ago. The
farmer didn’t want to try the new variety, since surely nothing could be better than the variety
“Mesilla” that he had been growing the last 10 years. I think this illustrates the point that if we want
to make progress, we need to consider new things and not be comfortable with the status quo. It’s
hard to measure progress if you don’t do anything different. New forage agronomists and producers
must be willing to try new things and conduct appropriate comparisons to see if progress can be made
using new technologies and/or improved genetics. Compare apples to apples, and see if there are
measurable improvements. To document any progress, you need to keep good records of your testing
procedures and the materials used. These records will help you measure, evaluate, and interpret any
progress that has been made. Not everything you try will provide a benefit, some will and some
won’t. Often it is just as important for you and the producer to know what didn’t work and why. If
you keep accurate records, you will be able to document and quantify any progress that was made.
These year-to-year records will provide a new forage agronomist and/or producer an archive of
records by which they can measure their progress overtime. Progress is sometimes hard to see in just
one year, especially with a perennial crop like alfalfa. Measuring your progress overtime will often
provide a better evaluation of your progress. Forage agronomists and producers must also be aware
that progress can be measured several ways. Did your recommendations or changes to the farming
operation result in an increase yield or forage quality? Did it reduce input costs, add persistence, or
just increase the overall profitability of the farming operation? If any of these have been achieved,
you have made progress.
(MO): Extension Agronomists need to do a better job of measuring the impact of our programs. This can
be done by using yield, quality, or changes in production practices as a yardstick. For producers, the
yardstick could be profitability, consistency in production of a quality product, and/or reduction in the
environmental impacts of agriculture so that succeeding generations can follow in our footsteps.
(DP): We need visionaries and imaginative people who
What is your advice…?
are rooted in agriculture but not afraid to ask
All agronomists should have clear,
important hard questions and examine real problems.
measurable goals. – DU
Focus on what’s useful but also long-term. What is
the sustainability of our irrigated systems, or how can
they become more sustainable? Can forages contribute important environmental benefits that are now
not appreciated but can be monetized? How can farmers reduce costs to survive economically? What
about mitigating and adjusting to climate change and greenhouse gasses (and regulations)? Can
forages produce both food products and energy products? Future researchers should always build
upon the history of research and ‘what’s known’ but not be afraid to plow new ground and challenge
the conventional wisdom. While some previous findings are worth repeating, we need to keep asking
new questions. In terms of a ‘yardstick’ don’t measure by publications or money, but whether what
you are doing has an impact and are leading to innovations in agriculture and whether people benefit
from your work. Some of the key issue for western agronomists and farmers will be limited water and
‘how to produce more with less.’ The goal should be ‘sustainable intensification.’ Crop scientists
have a key role to play, in cooperation with progressive farmers and industry partners to envision
these highly productive, environmentally-beneficial cropping systems for the future.
(GS): Forage agronomists: 1. Seek stakeholder (producer and industry) input, 2. Identify a research
project that will solve a problem, 3. Organize a collaborative core of specialists, 4. Prepare a
successful grant application, 5. Plan to be successful and be prompt and don’t procrastinate the
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project, 6. Report on time and with nuggets of preliminary results, 7. Complete the project on time,
apply for extension if reasonable, get the science published and create the extension products.
(MS): Beginning forage producers - Do your research and due diligence from the start. Watch data
quality, look at long term yields and not individual studies. Forages are adaptable to many
environments but no one variety fits all programs. Try different products and always look for future
improvements that fit production needs. Forage agronomists – You’re the future of the forage
industry. Push to make gains through management practices, continue to show how forage benefits to
the environment, use your imagination and find the many unknown uses of forages that are critical to
the industry stakeholders. Stakeholders – we need to be advocates for forage research funding to exist
into the future and beyond.
(DU): All agronomists/forage producers should have clear, measurable goals. Measurable is a key
component – what was yield, quality, etc. The goals should be evaluated and potentially changed
every 5 years.
SUMMARY
The words spoken by these ten retiring forage agronomists and specialists, regardless of their positions
during those 30 and 40+ year careers, speak from the heart and their own experiences. Many common
themes can be found in some questions, in large part because of the forage crops we work with. For other
answers, there is a wide diversity of responses, again due to the diversity of the forage crops we grow.
Part of what likely attracted each of us, in different ways and reasons, to forages is the uniqueness,
resiliency, adaptability, the unassuming role but giant
What is your advice…?
importance to so many other industries and the food
supply chain, how they can change but still stay the
Don’t forget to smell the roses.
same in different environments, their continued
persistence of asking us to discover what other secrets
they still possess. One common thread among these ten retirees, they all loved going to the field and
observe that bond between Mother Nature – the forage plant – the research objective – the producer need /
issue – the challenge to figure out what is right and what is wrong. Each draw upon their accumulated
expertise but always has other colleagues to ask for a second opinion. We hope these experiences and
recommendations will be useful to the next generation of forage agronomists, forage plant breeders,
Extension faculty, ag industry scientists, and the generation of producers who will be supplying food to
our grandkids and great grandkids. Good luck and have fun as life is pretty short. So, as one retiree
commented “Don’t forget to smell the roses!”
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AN UPDATE TO MONITORING PYRETHROID RESISTANCE IN CALIFORNIA
POPULATIONS OF ALFALFA WEEVIL
Madison Hendrick1, Kevin Wanner2, Ian Grettenberger1

The alfalfa weevil (Hypera postica) is the primary pest in California alfalfa, with weevil
management largely limited to insecticides. Few insecticides with different modes of action are
registered for use in alfalfa for alfalfa weevil, severely restricting options for management and
increasing the chances for insecticide resistance. In recent years, growers in isolated areas of
California have reported field control failures with pyrethroid insecticides, indicating resistance
development. A critical step in managing the threat of resistance is monitoring resistance levels
across the state to preserve the limited control options available. Alfalfa weevil larvae were
collected from various populations across California to determine and compare insecticide
susceptibility levels. Dose-response laboratory assays were conducted using vials coated with
lambda-cyhalothrin, the most-used pyrethroid insecticide in alfalfa. Grower reports of resistance
from Riverside and Merced Counties were corroborated, but populations in the San Joaquin and
Sacramento Valleys that are still susceptible were also documented. Field sampling efforts also
identified resistance severity as warranting further assessment and testing. These results are
important for addressing current resistance issues. Identifying areas of resistance, concern, and
susceptibility allow growers to make proactive management decisions that protect both their crop
and the longevity of control options.
Key Words: insecticide resistance, pyrethroids, lambda-cyhalothrin, alfalfa weevil,
California
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BEDDED VS. FLAT-PLANTED ALFALFA: COMPARATIVE RESULTS OF THREE
SAMPLING TECHNIQUES FOR ALFALFA WEEVILS (Hypera postica)
Michael D. Rethwisch1 and Suzanne Tippit2
Three sampling techniques (numbers per stem, per 180 degree sweep and per pendulum sweep)
were conducted to determine alfalfa weevil larvae numbers from replicated plots from both flat
planted and bed planted alfalfa. Comparative data were needed as alfalfa grown on beds caused
difficulty with 180 degree sweep methods, affecting shoulders and elbows. While numbers of
weevils per stem were very similar (0.75+0.4), large differences were noted for numbers of
alfalfa weevils between pendulum vs. 180 degree sweep techniques for both bedded and alfalfa
planted on flat ground. More alfalfa weevil larvae were collected using pendulum sweeps in
from both field types, as initial ratios of collected weevil larvae from untreated alfalfa was
approximately 3.72:1 from flat field alfalfa vs. ~2.1:1 from bedded alfalfa. These comparative
ratios changed over time as alfalfa weevil populations increased/decreased, and were also altered
by insecticide mode of action. Comparisons of pendulum vs. 180 degree sweep indicated that
5.25 larvae in pendulum sweep would be the equivalent of 20 weevils per sweep using the 180
degree sweep method.

Key words: Alfalfa, alfalfa weevils, sampling comparison, stem, sweep net, bedded alfalfa
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COMPARISON OF PUBLIC AND PRIVATE LAB FERTILIZER
RECOMMENDATIONS IN FIELD CROPS
Megan Baker1, Matt Yost1, Earl Creech1, and Grant Cardon1
There are many sources that growers utilize to determine fertilizer needs for crops such as
private and public labs, crop advisors, and fertilizer dealers. In many cases, these sources provide
recommendations for a specific crop that will vary greatly, and the resulting fertilizer and
application rates recommended can lead to large differences in costs for the grower. Often to
correct or avoid macronutrient or micronutrient deficiencies in major crops, recommendations
provided call for fertilizer rates that are excessive or not cost-efficient. Evaluating the
effectiveness and economics of current fertilizer guidelines and recommendations will help
growers to make better-informed decisions when it comes to choosing recommendation sources.
Comparisons of recommended rates will also aid in finding points for where additional fertilizer
application is not justified by increased yield or quality. An experiment was established in 2021
with 12 sites across the state of Utah in alfalfa, small grains, and corn to test and compare the
recommendations of five labs. The recommendations tested come from two public labs, Utah
State University and the University of Idaho, and three private labs located in the Western United
States. A soil sample from each site was ground and split and sent to each of the labs to
determine each of their macro and micronutrient fertilizer recommendations. These
recommendations were then evaluated based on yield. Results from 2021 suggest that there is
little to no difference statistically in yield between the five recommendations and the control,
where no fertilizer was applied at all. Across the four (4) corn sites, there was no statistical
difference in yield between treatments. In three (3) sites with small grains, two indicated no
difference, but one site showed an almost ton per acre higher yield than the control from one of
each the private and public labs. In five (5) alfalfa sites with 14 total harvests, a difference was
only seen in one cut, with one private lab yielding slightly higher than the other treatments.
While very small differences in yield were observed, the cost per acre for each of the treatments
from the labs varied greatly.
Key Words: Fertilizer recommendations, private labs, public labs, alfalfa, small grains,
corn
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DETERMINING THE EFFECTS OF PLANTING DATE AND CUTTING HEIGHT OF TEFF
GRASS IN IDAHO
Joseph Sagers1, Reed Findlay2, and Glen Shewmaker3

ABSTRACT
Teff (Eragrostis tef) is a relatively new and under-utilized crop to Idaho. Teff trials were established in
2019 and 2020 in Kimberly, Idaho, to determine basic agronomical practices such as optimal planting
date and cutting height. Plots were planted at three different planting dates in late spring. Plots were
harvested for the first time at 3 different cutting heights 6 weeks after the last planting date. A second
harvest was taken. In 2019 there was no statistical difference in yield between mid-May and the planting
around the first of June, however there was a difference between those dates and the mid-June planting
date. Similar effects were noted in 2020, with exceptions. Cutting height on the first harvest did have a
significant impact on yield for the first harvest as well as regrowth and yield on the second harvest, but
did not have an impact for the overall yield in the growing year. Planting date did not have a significant
effect on the second harvest. Teff has proven to be an additional option as an annual forage crop rotation
in Idaho.
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ECONOMIC INJURY LEVEL FOR THIPS IN ALFALFA
J. Reed Findlay and Joseph Sagers
ABSTRACT
Thrips have become an economic pest of alfalfa in Eastern Idaho. University of Idaho Extension
educators, along with crop advisers from Bingham Cooperative, began studying the damage
being caused by various thrips species to alfalfa crops in Blackfoot and Mud Lake, Idaho. We
worked with area hay producers to set up field plots to determine the extent of damage to alfalfa
plants and to measure the resulting yield losses. We have used this data to calculate the economic
injury level of thrips in alfalfa crops.
The decision to control thrips should be based on yield loss per pest, market value of the crop,
cost to spray and the effectiveness of control measures. All these factors are included in the
calculation of an economic injury level. The economic injury level represents the level of insect
infestation at which control measures will begin to be economically viable. We calculate that the
economic injury level will be between 19 to 20 thrips per six stems taken. Once you reach 20
thrips per six stems, it will pay to spray and control the thrips. This particular economic injury
level is based on control costs of $25.25 per acre, and a hay crop valued at $160 per ton.
Key Words: Thrips, Alfalfa, Economic injury level
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INSECTICIDE APPLICATION TIMING EFFECTS ON ALFALFA PESTS AND
BENEFICIAL INSECTS
Micah McClure and Randa Jabbour¹
ABSTRACT
Alfalfa weevil, Hypera postica (Gyllenhal) (Coleoptera: Curculionidae), is a problematic pest in
alfalfa systems, commonly controlled with insecticides. Spraying insecticides at different times
can have an impact on the efficacy of the insecticide, as temperature and weather can influence
evaporation and degradation. Target insects may also vary in life stage at the time of application,
which can influence beneficial arthropod populations. Typically, producers apply insecticide
shortly before first cutting, but some producers in southeastern Wyoming have been exploring
earlier insecticide timings. If effective, early sprays can take some of the pressure out of lastminute decisions to spray or not, while also deciding on harvest timing in the face of
unpredictable weather conditions. In this study, we compared early and standard application
timing of the lambda-cyhalothrin pyrethroid (Syngenta Warrior II) on insects in alfalfa. Field
experiments were conducted in 2020 and replicated in 2021 at the University of Wyoming
Sustainable Agriculture Research and Extension Center (SAREC) in Lingle, WY. An early,
standard, and no spray application treatment were applied both years. At weekly intervals
following the early spray application, insect sampling occurred. We identified and counted
common pest and beneficial insects to determine the effect of spray timing on the insect
community. Damage to alfalfa was accessed on a scale of 0-5, 0 being no visible damage and 5
being complete defoliation. Both the early spray and regular spray treatments showed lower
damage score than the control treatment. Damage did not differ between early and regular spray
timings both years. In 2020, both treatments significantly affected weevil larvae abundance
compared to the control. In 2021, all treatments were significantly different from each other, but
still reduced weevil larvae abundance vs the control. Lygus bug abundance was reduced with
both early and standard treatments.
Key words: Insecticides, pyrethroid, insect community, damage
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INTEGRATED PEST MANAGEMENT PROGRAM FOR ALFALFA WINTER INSECT
PESTS OF THE SOUTHWEST LOW DESERT

Ayman M. Mostafa1, Kyle Harrington2, and Worku Burayu3

Irrigated non-dormant alfalfa hay dominates the cropping system in Arizona. Major winter/
spring insect pests attacking alfalfa in the region include alfalfa weevil (AW), Hypera postica,
and an aphid complex of pea aphid (PA) Acyrthosiphon pisum (Harris), blue alfalfa aphid (BAA)
Acyrthosiphon kondoi L., cowpea aphid Aphis craccivora, and spotted alfalfa aphid, Therioaphis
maculata. The current economic threshold for AW is erroneous, and there is a need to revisit this
threshold as part of a comprehensive alfalfa integrated pest management (IPM) program to
reduce the number of insecticide applications and chemical pesticide inputs to improve
profitability of alfalfa farming. The efficacy of current collection of broad-spectrum insecticides
against alfalfa aphid complex, particularly blue alfalfa aphid is declining. We re-establish sound
economic thresholds for AW and aphids; evaluate efficacy of selective alternative chemicals that
can be used to replace broad spectrum pesticides; and provide IPM training to PCAs in managing
alfalfa weevil and alfalfa aphid complex in Arizona and the southwest.
Keywords: Alfalfa, Alfalfa Weevil, Alfalfa Aphids, Hypera postica, Acyrthosiphon pisum,
Acyrthosiphon kondoi, Aphis craccivora, Therioaphis maculate. Integrated Pest
Management (IPM), Economic Injury Level, entomopathogenic fungi, Southwestern Low
Desert.
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IRRIGATION RATES AND SPRINKLER TECHNOLOGIES INFLUENCE ON
TEFF GRASS
Dakota Boren, Matt Yost, Earl Creech, and Tina Sullivan1
Hot dry summer months are a slow producing time in many traditional forage crops. Usually this
time has the lowest yields but requires the most water. Because of high water cost or availability,
some producers practice letting alfalfa going dormant during this period and then start watering
after the summer “slump.” Teff grass (Eragrostis tef) is an alternate forage that can compete in
this usually less productive time period. This is an annual grass originating from Ethiopia that is
drought tolerant, requires warm soil temperatures, and produces well in high heat. Teff grass is
being used as an alternative crop in a large project that is testing multiple pivot sprinkler
technologies and four water reduction rates within these technologies. Water rates and sprinkler
technologies were also stacked with a variety trial in Vernal, Utah in 2020. Varieties included
Excalibur, Dessie, and Corvallis. In 2021 the Cedar City, Utah site was established and data was
collected from two cutting of Teff grass. Along with the yield data, nutritional tests were also
completed.

Key Words: Teff grass, irrigation technology, alternate crop, water usage
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MANAGING PHOSPHORUS AND POTASSIUM FERTILIZERS FOR IMPROVING
ALFALFA YIELD IN THE SOUTHWEST LOW DESERT
Ayman M. Mostafa1 and Worku Burayu2

Alfalfa (Medicago sativa L.) fertilization with phosphorus (P) and potassium (K) becomes
increasingly important in the low desert southwest to sustain high yields and maintain stand
persistence as management intensifies. A field trial was conducted in 2018 and 2019 on a sandy
clay loam soil at Maricopa Agricultural Center. Combination effects of three P rates (0, 100, and
125 lbs./acre-1 P2O5) and three K rates (0, 100, and 300 lbs./acre-1 K2O) on yield were
investigated. Phosphorus fertilized plots had significantly (P<0.05) higher total alfalfa hay yield
in each year. The results demonstrated that the 125 lb./acre-1 P2O5 rate combined with 100 lb
acre-1 K2O appeared adequate to maximize yield as compared to higher P or K fertilizers alone.

Keywords: Alfalfa, Alfalfa fertilizers, nutrient Management, Phosphorus, Potassium,
Southwestern Low Desert.

_______________________________________
Ayman M. Mostafa1 (ayman@arizona.edu) and Worku Burayu2. 1Area Programmatic Agent & Regional Specialist, 2Assistant in
Extension, 3former Research Specialist. Cooperative Extension & Dept. of Entomology, The University of Arizona.
In: Proceedings, 2021 Western Alfalfa and Forage Symposium, Reno, NV, Nov. 16 – 18. UC Cooperative Extension, Plant
Sciences Department, University of California, Davis, CA 95616. (See http://alfalfa.ucdavis.edu for this and other alfalfa
symposium Proceedings.)

141

142

SEASONAL YIELD AND ANIMAL PREFERENCE FOR IRRIGATED WINTER
CEREAL FORAGES UNDER CONTINUOUS STOCKING IN A SEMIARID,
SUBTROPICAL REGION
Leonard M. Lauriault 1, Mark A. Marsalis2, Shad H. Cox3, and Glenn C. Duff4

ABSTRACT

Winter annual cereal forages perform well in semiarid, subtropical regions forming a
significant component of livestock operations for autumn through spring stocker cattle (Bos
taurus) backgrounding in either grazeout or graze-grain systems; however, little information is
available about their relative seasonal productivity and animal preference. Seasonal growth and
regrowth under grazing and grazing preference of oat (Avena sativa), rye (Secale cereale),
triticale (X Triticosecale rimpaui Wittm.), and wheat (Triticum aestivum) were compared over
two years at New Mexico State University’s Rex E. Kirksey Agricultural Science Center at
Tucumcari. Seasonlong (Nov-Apr) average forage dry matter yield was rye > oat > wheat >
triticale (5.03, 4.44, 3.58, and 2.79 Mg ha-1, respectively; p < 0.0001). Rye also had greater
average monthly growth than the other cereals, among which there was no difference (1.58, 1.05,
0.96, and 0.85 Mg ha-1 mo-1 for rye, oat, wheat, and triticale, respectively; p < 0.0331). Growth
of ungrazed cereals was reduced in mid-winter and regrowth of grazed forage did not equal
removal by growing cattle. When given a preference and allowed to deplete available forage,
growing cattle preferred oat followed by rye, then wheat and triticale. Regrowth of grazed forage
did not differ among cereals.
Keywords: Grazing preference, Oat, Rye, Seasonal growth, Triticale, Wheat, Winter cereal
forages

1College Professor/Superintendent and forage crop management scientist, Rex E. Kirksey Agricultural Science Center, New
Mexico State University, Tucumcari, NM 88401 lmlaur@nmsu.edu; 2Professor/Superintendent and Extension forage specialist,
Agricultural Science Center, New Mexico State University, Los Lunas, NM 87031 marsalis@nmsu.edu; 3Superintendent, Corona
Range and Livestock Research Center, New Mexico State University, Corona, NM 88318 shadcox@nmsu.edu; and
Professor/Superintendent. Clayton Livestock Research Center, New Mexico State University, Clayton, NM 88415
glennd@nmsu.edu In: Proceedings, 2021 Western Alfalfa and Forage Symposium, Reno, NV, Nov. 16 – 18. UC Cooperative
Extension, Plant Sciences Department, University of California, Davis, CA 95616. (See http://alfalfa.ucdavis.edu for this and
other alfalfa symposium Proceedings.)

143

144

SUGARCANE APHID MANAGEMENT STRATEGIES IN ARIZONA FORAGE
SORGHUM

Ayman M. Mostafa1, Kyle Harrington2, and Worku Burayu3

Sorghum as fresh foliage with high nutrition value in animal feeding is used as alternative forage
crop in the summer in southwest dairy industry. The sugarcane aphid (SCA), Melanaphis
sacchari (Zehntner) (Hemiptera: Aphididae), is a new invasive pest of Sorghum sp. including
forage and grain sorghum, Johnsongrass, and Sudangrass. This aphid was first found in Arizona
in 2016 and has become a serious pest since. High reproductive potential, wind dispersal, and
ability to overwinter on living annual and perennial hosts of Sorghum sp. appear to be the main
factors in its impressive geographic spread in all southern states in the USA from East to West
coasts. Heavy infestations, often with thousands of SCA per leaf, can cause significant decrease
in yield and forage quality. Infested leaves become sticky and shiny from honeydew and coated
with sooty mold fungus which hampers harvesting operations and can become unsuitable for
livestock feed. The University of Arizona Cooperative Extension Forage IPM Program examined
the efficacy of in-seed bed injection and foliar applications of certain selective vs broadspectrum
insecticides for forage sorghum system in the low elevation desert from 2016 – 2021. These
results provide the firsthand information of management of SCA in forage sorghum in the
region.

Keywords: Surghum, Sugarcane Aphid, Melanaphis sacchari, Pest Management, Arizona
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TEFF VARIETAL INFLUENCE ON FORAGE YIELD AND NUTRITIVE VALUE IN
NEVADA
Maninder K. Walia and John C. Cushman1
ABSTRACT
Decreasing mountain snowpacks in the western U.S. have reduced available irrigation water for
crop production, a trend that is expected to continue. Therefore, farmers are looking for
alternatives to reduce agricultural water use and diversify their cropping systems. Teff
(Eragrostis tef) is a an annual grass gaining popularity among producers as a water-wise summer
forage crop. Teff can serve as an excellent rotational crop, suitable for double cropping, requires
low input, and can produce hay, silage, and gluten-free grain as well as serve as pasture. In
addition, it can provide a high forage yield with excellent quality during a relatively short
growing season. Teff is a fine-stemmed grass planted during late spring and is suitable for
multiple cuttings, with yields averaging 1–7 tons/acre, depending upon growing season and
irrigation water availability.
A study was conducted in western Nevada to evaluate four commercially available teff varieties
(Dessie, Moxie, Pharaoh, and Tiffany) for forage yield and their nutritional value. The research
results to date indicated that total teff forage yield varied from 2.5–3.5 tons/acre. In addition, the
nutritional analysis revealed that teff hay crude protein ranged from 8–11%, acid detergent fiber
(ADF) from 38–40%, and total digestible nutrients (TDN) ranged from 55–56%, depending upon
the variety. Research trials are ongoing and will be repeated next year to better understand
environmental influences on teff varietal performance in western Nevada.

Key Words: Teff, varieties, forage yield, nutritional value, Nevada
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PIVOT IRRIGATION TOOLS TO IMPROVE SCHEDULING AND REDUCE RUTS
Jonathan Holt1, Matt Yost1, Earl Creech1, Niel Allen1, Jody Gale1, Mark Nelson1, Trent
Wilde1, and Kalen Taylor1
ABSTRACT
For about 70 years, center pivots have been an important part of farm irrigation. Water-drives are
now long gone, the evolution of sprinkler heads has not ceased, and the technological gadgetry
available for pivots literally reaches into outer-space. However, at ground level these machines
can be difficult to properly manage and can cause significant problems by creating deep wheel
tracks. Since 2019, we have been evaluating four irrigation scheduling techniques at farms across
Utah. Data comparing conventional farmer scheduling, soil moisture sensor data, the Irrigation
Scheduler program from Washington State University, and a commercial scheduling program
suggests that these alternatives may not increase crop yield, but sometimes reduce the amount of
irrigation applied by up to 15%. Reducing the depth of pivot ruts with simple sprinkler package
changes is also being tested at farms in Utah and Idaho. Preliminary results are demonstrating
that low elevation precision application (LEPA) style sprinklers, and a unique double part-circle
sprinkler method can help reduce wheel track depth by up to 63% and 68% respectively, when
installed near the towers.

Key Words: Pivot, irrigation, scheduling, soil moisture sensors, wheel tracks, ruts
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USING DRONES TO CONTROL PESTS IN ALFALFA
RF Long1, X Li2, K Giles3, JT Andaloro2, EB Lang2, LJ Watson2, B Reynolds4, I Qandah5
ABSTRACT
Integrating drones (unmanned aerial vehicles, UAV) as a new method of pesticide application
into existing commercial crop protection systems requires extensive research and comparison to
conventional, proven application technology. Pest control expressed as efficacy against target
pests, spray quality expressed as coverage, and chemical residue are three key criteria. We
investigated and compared these quantitative parameters between a multi-rotor UAV,
conventional piloted airplanes, and a ground rig in three commercial alfalfa fields in California.
Effective and equivalent control of leaf-feeding insect pests was achieved with all three methods
when delivering Prevathon® and Vantacor™ insect control (active ingredient chlorantraniliprole)
at the same active ingredient labelled use rate in different spray volumes (2, 5, and 10 gpa) on
alfalfa. Residue levels and spray coverage were also comparable and consistent between the
UAV and airplane applications across three sampling techniques as measured by residue levels
on alfalfa, insecticide recovery from filter paper, and spray coverage on water sensitive cards.
Differences in droplet size and deposit characteristics were more variable for the UAV than
airplanes based on analysis of deposition images. The results of this study provide confidence
supporting the use of drones for pesticide application on agricultural crops. According to the
parameters tested, UAV application quality and crop protection performance were comparable to
that of the conventional fixed wing airplane and ground applications. However, the droplet
spectrum and the short-term fate of droplets from unmanned aerial spray system require further
optimization for best crop protection.
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