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MANAGEMENT OF NEMATODES IN ALFALFA

Dr. Donald R. Miller:

ABSTRACT

Management of the potential economic damage to alfalfa production fields due to nematodes is
generally accomplished by a combination of several factors: alfalfa genetics, cultural practices,
nematode specific crop rotations, bio-fumigants, and to a lesser extent chemical control.
The selection of a highly resistant variety is the first line of defense in combating nematodes.
Cultural practices can be very effective in preventing the initial spread of the nematodes into new
production fields and help minimize the damage in established alfalfa fields. Fields with existing
nematode infestations can be managed by utilizing “non-host” crop rotations and/or fallowing,
combined with the use of a nematode specific bio-fumigant crop species. However nematode
control in established alfalfa fields is difficult, especially since most of the major damage occurs
at or below the soil surface. Once an alfalfa field is planted, there are few if any chemical
controls available that are effective and/or economical.

Keywords: Alfalfa, nematology, cultural practices, pest management, nematode control,
alfalfa nematodes, stem nematode, root knot nematode, southern root knot nematode,
northern root knot nematode, columbia root knot nematodes, lesion nematode, crop
rotation, integrated pest management, bio-fumigants

INTRODUCTION

Much progress has been made by alfalfa breeders in the last 30 years in improving the genetic
resistance of alfalfa varieties to nematodes. Utilization of these genetic advances in the selection
of adapted resistant varieties is still the best and most economical means of insuring maximum
yield, quality, and stand life. Variety selection, beyond yield and forage quality, should be based
on knowledge of which alfalfa nematodes are most prevalent in a grower’s field or are
historically known to reduce yield and stand life in the region. Knowledge of any potential new
nematode reported in the area should be also considered in the selection of a variety with
resistant traits._It should be noted that having genetic resistance to one nematode species doesn’t
necessarily provide resistance to other nematode species.

Selecting an adapted variety that has a high level of nematode resistance, combined with proper
cultural practices, is the grower’s best defense in minimizing nematode incurred production
losses. Selecting a good resistant variety, adapted to his or her farm, is also the cheapest line of
defense against potential production losses. It is hard not to over emphasize this point. The
variety choice the grower makes at planting, will often determine the extent and severity of any
future nematode outbreaks, and more importantly the length of time that field will remain
profitable. Growers often become fixated on the initial cost of the alfalfa seed, but often fail to
realize that the choice they make will determine the profitability of that field for many years. A
poor choice can cost money in the form of lost yield and/or quality due to stand losses and the

1 Dr. Donald R. Miller ( alfalfadoc@outlook.com), Alfalfa Breeder, 312 Crestwood Dr. Nampa, ID 83686 Email
; In: Proceedings 2022 World Alfalfa Congress, San Diego, CA November 14-17, 2022. (See http://alfalfa.ucdavis.edu for this
and other alfalfa Conference proceedings)
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resulting weed encroachment. A poor variety choice can result in the grower having to
prematurely take fields out of production. The unexpected replanting costs can be significantly
more than what the producer would have paid in seed costs for a better nematode resistant
variety. Picking a low-cost inferior susceptible variety often results in the grower having to fight
an uphill battle to optimize forage production and profit.

For the most part, once a variety is planted, there are only a limited number of options available
to the grower to prevent or eliminate nematodes from damaging an established field. There are
few chemical controls available that are effective and/or economical. Proper cultural practices
implemented during the life of the stand can limit the spread and extend of damage. However
complete control in established fields is often difficult once a nematode has become established.

ALFALFA NEMATODES

Nematodes are microscopic wormlike animals that live in the water held between soil particles.
These plant parasitic animals are generally more prevalent in moderate to clay soils and have a
high reproductive rate. They can persist in soil for many years in the absence of a host and move
from field to field on farm equipment and/or irrigation water contaminated from runoff water of
infested fields. Numerous plant parasitic nematodes are known to occur in alfalfa fields, but most
of the damage is attributed to the following five.

Major Nematodes Species that Damage Alfalfa

Stem Nematode (Ditylenchus dipsaci)

Southern Root Knot Nematode (Meloidogyne incognita.)
Northern Root Knot Nematode (Meloidogyne hapla)
Columbia Root Knot Nematodes (Meloidogyne chitwoodi)
Root Lesion Nematodes (Pratylenchus penetrans)

MRS

Management of Nematodes in Alfalfa: What Are Your Options?

The best control option is to eliminate or reduce the nematode threat prior to planting. This can
be approached in several ways. First take a soil sample and send it to a lab to see if any harmful
nematodes are present. Your local soils lab or extension office should be able to help you locate
a nematode lab. The nematode lab can identify any problem nematodes found in the soil you
send them. I recommend sending soil and plant samples (if field is not fallow) to get the most
accurate evaluation. Depending on where the nematode is in its life cycle it may be more
prevalent in the soil or the plant tissue.

Approximate Nematode Threshold Levels for Soil Samples/gram:
(Samples that contain a majority of female nematodes is more of a concern)

* STEM — any number
*  NRKN -500

* CRKN-1,000

« LESION -2,000



If an alfalfa parasitic nematode is present, you can use the following management options to
eliminate or minimize the number nematodes in the field:

-Fallow The Field: Cultivation of the field drastically reduces the number of nematodes and
eliminates their food source. Most parasitic nematodes can only survive on living plants.

-Trap Crop: Some species of nematodes can lay dormant in the soil for a period of time even
following field fallowing. Planting a specific crop that is known to stimulate the dormant
parasitic nematode to hatch and feed, is a method of control called a “Trap Crop”. Plowing down
this “trap crop” before the newly hatched nematodes have a chance to reproduce, can be effective
in further reducing a nematode population.

-Non-Host Plant Rotation: This is a practice of planting a rotational crop that the problem
nematode can’t feed or reproduce on. Growing a non-host crop for 1-2 years can reduce
nematodes numbers, especially if used in conjunction with other control measures.

-Fumigation (Chemical or Bio-Fumigation): Chemical fumigation is generally considered too
expensive for new fields for alfalfa production. However, some alfalfa growers have taken
advantage of rotating with high value crops where soil fumigations are cost effective, such is the
case for potatoes. Alfalfa following the potato crop can take advantage of the prior fumigation by
starting out with few if any nematodes in the soil profile.

A more cost-effective alternative to chemical fumigation, is bio-fumigation. Certain species of
plants when grown and subsequently plowed down and incorporated into the soil, release a
natural bio fumigant that controls parasitic nematodes. Several varieties of radish and mustards
(i.e., white mustard) are currently available to growers to use in short term rotations for this
purpose. Bio-Fumigation can be a very effective tool in an integrated approach of controlling
nematodes prior to planting a new alfalfa field.

The following is some specific information on the nematodes known to damage alfalfa in order
of importance:
Stem Nematode (Ditylenches dipsaci)

Conditions that promote damage:
- Cool moist spring
- Sprinkler irrigation (surface moisture on lower plant canopy increases stem nematode
infestation of lower plant stems and crown buds).
- Susceptible plant and weed hosts
- Alternate host in rotation- potatoes, garlic, and beets
Symptoms:
- In the spring or fall sporadic white stems or “White flags” may be seen throughout the
alfalfa field.
- Stunting in somewhat circular patterns in the field
- Swollen stem buds



- Shortened internodes and swollen nodes on lower stems
- In advanced stages lower stem may blacken
- Fewer symptoms may be seen during summer months
Control:
- Plant alfalfa variety with Resistance (R) or High Resistance (HR)
- Rotate with non-host crop for 2-3 yrs.
(Non-host crops-sorghum, small grains, beans, and corn)
Utilize a bio-fumigant crop in the rotation just before planting a new alfalfa crop.

Root Knot Nematode (Meloidogyne spp.)
(Northern, Southern, and Columbia)

Conditions that promote damage:
- Susceptible crop species in rotation and weed hosts

Symptoms:
- Stunting in somewhat circular patterns in the field
- Stand reduction
- Excessive root branching and small galls on roots

Control:

- Plant alfalfa variety with Resistance (R) or High Resistance (HR)
- Crop rotation with a non-host is generally not feasible due to wide host range
- Fallow field for one growing season (if non-host crop is not an option)

Utilize a bio-fumigant crop in the rotation just before planting a new alfalfa crop

Lesion Nematode (Pratylenchus spp.)

Conditions that promote damage:
- susceptible crop species in rotation (i.e., corn) and weed hosts

Symptoms:
- Stunting in somewhat circular patterns in the field
Major symptoms occur in the form of black lesions on the outside of the root. Lesions
may become severe enough to completely darken taproot.
- Taproots appear stunted with reduced lateral root growth.
Control:
- Resistant varieties
- Crop rotation with a non-host is generally not feasible due to wide host range

- Fallow field for one growing season
Utilize a bio-fumigant crop in the rotation just before planting a new alfalfa crop

INTEGRATED APPROACH TO NEMATODE CONTROL:
BENEFIECIAL CULTURAL PRACTICES AND CROP ROTATION OPTIONS

Cultural Practices:
Don’t reuse tail-water for irrigation from infested fields (nematodes can be spread in the

water from infested fields)



- Clean equipment between infested fields to prevent spread into un-infested fields

Crop Rotation Options for Stem Nematode Control:
Alfalfa => 2yrs small grain => Bio-fumigant crop => Alfalfa (Plant Variety with High
Resistance to Stem Nematode)

Crop Rotation Options for Root Knot Nematode spp. Control:
Alfalfa => fallow => Bio-fumigant crop => Alfalfa (Plant Variety with High Resistance to Root
Knot Nematode)

Crop Rotation Options for Lesion Nematode Control:
Alfalfa => fallow => Bio-fumigant crop => Alfalfa (Plant Variety with Resistance to Lesion
Nematode)

SUMMARY

An alfalfa grower’s first line of defense against nematodes should always be a nematode resistant
variety, if available. A resistant variety's built-in genetic protection is the best insurance policy a
grower can get against yield losses. Whenever conditions occur that are favorable for nematode
buildup, the genetic protection is always there and doesn’t have to be applied by the farmer.
Purchasing a variety that lacks adequate resistance may result in an uphill battle in
preventing yield and stand losses due to nematode. Alfalfa is a perennial crop, so a poor
variety choice at planting time is one that the farmer will have to live with for many years.
Following the selection of a good, adapted resistant variety, the grower should use good

common sense agronomic practices to prevent the spread and/or limit the buildup of nematodes
on their farm.
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STRATEGIES FOR RODENT MANAGEMENT
Roger A. Baldwin'
ABSTRACT

Pocket gophers (Thomomys spp.) and voles (also known as meadow mice; Microtus 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. Many control options are available
including the use of toxic baits, burrow fumigation, and trapping. An Integrated Pest
Management (IPM) program that incorporates several of these approaches, and potentially other
techniques, can have many positive attributes for controlling pocket gophers and voles, not the
least of which is greater control than is typically observed by focusing on any single method. 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, baiting, Integrated Pest Management, fumigation, Microtus spp.,
pocket gopher, Thomomys spp., trapping, vole

INTRODUCTION

Many vertebrate pests cause problems in alfalfa including pocket gophers (Thomomys spp.),
meadow voles (also known as meadow mice; Microtus spp.), and ground squirrels. 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. Meadow voles are small, blunt nosed stocky rodents with small eyes and short
ears and legs. They are typically dark grayish brown in color with size intermediate to that of a
house mouse and a rat.

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. Female voles may produce
from 5 to 10 litters per year. Although pocket gophers and voles 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 as there will be fewer
pocket gophers and voles to control at that time. Additionally, because voles mature rapidly and
can bear many litters annually, vole populations can increase rapidly. Typically, their numbers
peak every 6 to 8 years when population numbers can be as high as hundreds of voles per acre.

'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, 2022 World Alfalfa Congress, San Diego, CA,
November 14-17. 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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If left unchecked, pocket gophers (8.8% loss in revenue when present) and voles (11.3% loss)
will cause extensive damage to alfalfa (Baldwin et al. 2014b). This damage includes
consumption of tap roots and above-ground 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 seed beds, 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 toxic baits, fumigants, and trapping. Other control options are available as well,
although their efficacy is less clear. For voles, control in alfalfa centers on toxic baits and
cultural practices. I will briefly detail each of these approaches in the following section.

CONTROL METHODS
Toxic baits

Pocket gophers. There are three primary toxic baits 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 typically been promoted as the more effective of the two. Up until a few years
ago, strychnine came in two concentrations in California: 0.5% and 1.8%. However, the 1.8%
strychnine is no longer available, and the 0.5% product can be difficult to find at times. 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. Anticoagulants such as chlorophacinone and diphacinone are
multiple feeding 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 period of time. Because of this,
acute toxicants are typically preferred over anticoagulants 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 can be highly efficacious (Baldwin et al. 2015b). 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
that field. The artificial burrows must also be checked regularly to make sure that bait is being
applied; the applicator 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 to determining the applicability of
this approach for each grower.

Voles. The use of toxic baits is the primary method for controlling voles in alfalfa. Within
alfalfa fields, only zinc phosphide can be applied. Zinc phosphide is a restricted-use rodenticide;
it can only be used by or under the direct supervision of a Certified Applicator. Zinc phosphide
is applied directly to vole burrows and runways through spot treatments or broadcast
applications. Spot treatments are used when only a few burrows are to be treated. Otherwise,
broadcast applications are more efficient. If overused, problems with bait shyness can occur. As
such, zinc phosphide should not be applied more than twice per year. Additionally, zinc
phosphide must be applied when new growth is less than 2-inches tall. Zinc phosphide can oft-
gas when it comes into contact with water. As such, it should not be applied during heavy fog or
when dew or precipitation are expected within the following 2448 hours. Carefully read the
label for more information on restrictions for zinc phosphide application in alfalfa.

Both zinc phosphide and anticoagulant baits (e.g., chlorophacinone and diphacinone) can be
applied in non-crop areas adjacent to alfalfa fields. If adjacent fields or non-crop areas harbor
large vole populations, these areas should be treated as well to reduce immigration into alfalfa
fields after bait application.

Fumigation

Pocket gophers. 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.

Voles. Fumigants are not typically used for vole control in alfalfa given the large amount of
labor required to treat every burrow opening.

Trappin

Pocket gophers. 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 (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 substantial 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 stockpiles 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).

Voles. Trapping is not typically used to control vole populations. Voles can easily be captured
with standard mouse snap-traps, but the amount of labor, time, and resources required to remove
voles from an alfalfa field is counter-productive.

Other control approaches.
A variety of other control options are sometimes used to control pocket gophers and voles in
alfalfa. They are briefly discussed in the following paragraphs.

Biocontrol. This approach relies on natural predation to control pocket gopher and vole
populations. From a management perspective, this typically involves the use of barn owl boxes
to encourage owl predation of rodents 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 and vole 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 and vole numbers
lower than they would be without 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. Likewise,
cover removal can be very effective at controlling vole populations but is not practical in alfalfa.

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 and
vole burrow systems and will kill some pocket gophers and voles in the process. Destroying the
burrow systems helps slow down potential reinvasion into fields, and when combined with an
aggressive pocket gopher and vole 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 and vole
populations. When a field is flooded, the pocket gophers and voles must come to the surface or
drown. 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 and voles 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 voles 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
other management strategies in SDI alfalfa fields, but additional research is required to provide a
more robust assessment.
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STRATEGIES TO CONTROL WEEDS IN ESTABLISHED ALFALFA

Tom Getts!

ABSTRACT

Alfalfa is grown for its high-quality forage and controlling weeds in alfalfa is a crucial part of
producing a profitable crop. Weeds can reduce the palatability of the product to livestock and the
marketability to their owners. Like many pest management activities weed control is best
addressed using an integrated pest management approach. The first step is to identify the weed and
learn about the biology of the plant, to best control the weed and prevent reproduction. Reducing
the number of seeds produced in and around the field is essential for long lasting weed free stands.
Alfalfa is a highly competitive dense crop and weeds can be limited, first and foremost by good
agronomic practices. Proper irrigation and fertilization are practices that immediately boost crop
productivity and competitiveness. Other cultural methods such as early cutting can prevent weeds
from going to seed. Often in established stands herbicides are relied upon to kill weeds when they
are small and before they have a chance to produce seed. Utilizing all tools available can allow
growers to produce a high-quality crop free of the weeds that reduce the quality marketability of
the product being produced.

INTRODUCTION

Weed control in established alfalfa is paramount to producing a quality palatable forage for
livestock. While not all weeds are poisonous or cause physical harm to livestock most will affect
quality and yield and in turn the marketability of the hay. Buyers do not like to purchase hay that
has a bunch of brown weeds contaminating it, and in normal years the price paid will be
significantly less than weed free hay.

Alfalfa is a highly competitive crop that is excellent at excluding weeds once established.
Following proper establishment practices, such as variety selection, irrigation practices, and initial
weed management will go a long way to starting off a thick stand. Thick competitive stands are
fundamental to successful weed management with limited inputs. Once a stand is established, what
weed management practices take place depends on climate, corresponding dormancy, and
frequency of cutting. There are both cultural and chemical components that play into weed control.

USING IPM TO CONTROL WEEDS

When dealing with weeds it is important to think about how they reproduce and preventing
reproduction is paramount to any weed control strategy. Prevention starts with identification of the

'T Getts, UCCE Farm Advisor Lassen County, 707 Nevada St. Susanville CA. Email: tjgetts@ucanr.edu; In: Proceedings, 2022
World Alfalfa Congress, San Diego, CA, November 14—-17. 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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weed. Once a weed is identified, understanding the biology of the weed will allow you to choose
what methods will best prevent it from reproducing.

What season does the weed germinate?
How long do the seeds last in the soil?
Will it reproduce by its roots?

What herbicides are it susceptible too?

Are just a few of the questions that can be answered after a weed is identified. Answers to
these questions will help you choose when, what, and how to target the weed to prevent
reproduction. Being able to ID the weeds when they are small is fundamental as large weeds are
not often as easily controlled. The name of the game when it comes to weed control in established
alfalfa stands is prevention. The goal is to prevent conditions that favor weeds, while also
preventing weeds that are present from being able to reproduce.

Proper stand management is essential for competitive hay that will crowd out weeds. Alfalfa that
is under-irrigated will favor weeds that do well in dryer conditions, where over-watering alfalfa
will lead to weeds that are more competitive with wet feet. In addition, not keeping up with fertility
will limit the growth potential of the crop favoring weeds that do well with less. Allowing longer
periods between cutting can favor the sugar reserves deep in the roots of the crop, allowing for
more vigorous regrowth following cutting. Any agronomic practice that favors crop growth and
stand longevity will favor weed suppression because of alfalfa’s competitive nature. Cutting stands
frequently to meet dairy hay quality will often lead to weaker alfalfa stands that become weedier
more quickly overtime.

Physical weed control methods are a pillar of an IPM program, however in established stands their
uses are limited in the permanent crop. In regions where the crop goes dormant, hitting the fields
with a drag, or spring tooth harrow prior to green up, can be a good way to uproot winter annual
weeds that have recently germinated. There is a downside to dragging as it may lead to crown
damage leading to an increased risk of diseases and infection. If weeds are not controlled the act
of harvesting can be utilized as a physical control tool to suppress weed seed production. Keeping
an eye on the weeds and cutting them in combination with the crop during the early flower stage
of the weed will prevent or reduce the amount of seeds that go back into the soil seed bank. Keeping
in mind that these weeds will often “stool” branching and growing shorter to still put on some
seeds not completely eliminating reproduction. Cutting earlier than desired is also a double edge
sword, as the crop might not be cut at the optimal quality/yield intersection if cutting is timed for
weed control. Cutting after weeds have flowered and seeds have been formed, can also concentrate
weed seed under the windrow (photo one). Cutting does have its place in an IPM program to
suppress weeds if done at the right time.

Chemical methods are often relied upon for weed control. In colder climates conventional methods
use tank mixes of a burn down herbicide and a residual herbicide either in the fall, or late winter
to control winter annuals in the first cutting. During this slow growth period cold tolerant winter
annual weeds have the conditions needed to grow at a time when the alfalfa is less competitive. In
strong stands, after first cutting secondary herbicide treatments are often not needed in a



competitive crop. In older stands with lots of bare ground subsequent applications may be needed
of preemergent products to reduce summer annual weed populations. Often products such as
trifluralin and pendimethalin are utilized mid-season to prevent weed seed germination.

In warmer desert climates, where alfalfa never goes dormant, things shift. As opposed to making
applications of herbicides in the cooler parts of the year many residual products, that do have some
foliar actively, are applied during the warmer months as the plant growth slows and approaches a
summer dormancy with little growth because of the heat. Multiple applications of herbicides with
both foliar and residual actively are needed in warmer climates to suppress weeds. Well irrigated
alfalfa in warm conditions is the perfect environment for residual herbicide to experience microbial
degradation and break down over time. Herbicide programs should focus on multiple applications
with residual products throughout the year to prevent weed contamination in all cuttings.

Perennial weeds are often very difficult to control in an established alfalfa stand. Certain
perennials can be controlled or suppressed, but it is a best practice to control these weeds by
rotating out of alfalfa. Rotating out of alfalfa is a good way to alter the section pressure to the
population of weeds which have developed under the condition of an alfalfa stand. Rotation also
allows mechanical methods such as tillage, or an herbicide not registered in alfalfa to be utilized.
Often rotating to an annual graminoid or grain crop for two years will help clean up a field from
common alfalfa weeds, as well as diseases. One major exception to controlling perennial weeds in
established stands is in Roundup Ready alfalfa. Roundup Ready alfalfa can be an excellent option
to clean up dirty fields infested with either annual or perennial weed species. Multiple applications
of the broad-spectrum product glyphosate can be applied per year, helping kill roots and reducing
seeds in the seedbank. However, there are some drawbacks to the Roundup Ready systems which
have been documented, such as the interaction with frost in cold climates. Generally, as glyphosate
does not provide any pre-emergence control of weeds it is best to tank mix it with a residual
material for extended control.

Herbicide resistance is also something that should be considered when managing weeds in alfalfa.
There have been 513 cases of herbicide resistance documented globally as of 2020 (with many
more suspected). Fifteen of these cases have been documented to have developed in alfalfa
production, seven in Australia, six in the United States, and one in Israel and Italy respectively.
Many of the other weeds which have developed resistance in other crops still have the ability to
grow in alfalfa. Weeds have developed the ability to withstand application of not just one mode of
action, but in certain cases multiple modes of action. Italian ryegrass is resistant to four modes of
action and has been documented to be growing in alfalfa within California. In order to combat
herbicide resistance, the best management practice of always using multiple effective modes of
action during an application is encouraged. If a weed is already resistant to a mode of action, that
mode of action should not be considered effective in a tank mix. Glyphosate resistance is
widespread throughout parts of the globe, which can impact the effectiveness of the RR system.

In the United States the WSSA did a survey of weed scientists who work in Alfalfa for what weeds
are most problematic in broadleaf crops. The survey was conducted in 2016 as well as in 2019.
Results can be found in table one. Pigweed species, including palmer amaranth red root pigweed
etc. moved to the top of the list in both most common and most troublesome in a three year period.



Photo two shows a suspected resistant palmer amaranth population in alfalfa. Considering the rise
of herbicide resistant pigweeds, that could be a good explanation of the shift of them being
problematic in the United States alfalfa production.

WSSA Survey Weeds in Alfalfa

2016 2019
Most Most
Common Most Troublesome Common Most Troublesome
Mustard spp. | Canada thistle Pigweed spp. | Pigweed spp.
Dandelion Mustard spp. Mustard spp. | Canada thistle
Foxtail spp. | Dandelion Bromus Bromus
Pigweed spp. | Downy Brome Kochia Dandelion
Bromus spp. | Kochia Dandelion Mustard spp.

Table one: Most common and troublesome weeds courtesy of the WSSA 2016 and 2019 surveys
https://wssa.net/wssa/weed/surveys/

Photo One: Strips of shepardspurse in an alfalfa field. It was suspected this field was
contaminated the previous year, and cut after seed production. Seeds were then concentrated in
the windrows resulting in strip of heavy weed pressure the following year.
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Photo Two: Suspected herbicide resistant palmer amaranth population in Alfalfa down in the low
desert. Photo courtesy- of Michael Rethwisch UC Farm Advisor-Palo Verde Valley
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PROFITABLE ALFALFA PRODUCTION SUSTAINS THE ENVIRONMENT
Dan Putnam and Emily Meccage!
ABSTRACT

Although alfalfa, or lucerne (Medicago sativa L.), is frequently characterized as a ‘low value’
crop, this is a misnomer. Alfalfa forage is frequently the number three economic crop in the US,
with corn and soybean #1 and 2. However, this valuation does not include the wider economic
value of the food end-products that nourish consumers each day originating with alfalfa. Alfalfa
is an ‘engine of food production’, and on-farm profitability can sometimes rival that of high
value crops such as processing tomato. High yield is the primary driver for economic value in
alfalfa hay. Since high yields are positively correlated with healthy deep root systems, excellent
stand density, soil conservation, stand longevity, high CO- fixation and high levels of N>
fixation, high yields of intensive alfalfa production also contribute to environmental goals.
These environmental services often go unrecognized, but include soil health, benefits to crop
rotations, wildlife habitat, and reduction of the applications of fossil-fuel fertilizers. These
benefits are well-known to farmers, but are rarely valued by our society as a whole and
minimally monetized. Although the crop is often criticized for its water-wasting ways, the
reverse is actually true: the deep roots, high water use efficiency, salinity tolerance, and (most
importantly) its ability to produce some economic yield when water supplies are scares make
alfalfa an important component for a water-challenged future. ‘Profitable alfalfa production
sustains the environment’ — the title of this year’s Alfalfa Congress is a statement of fact as well
as a vision for the future.

Table 1. Value of Production, Top 10 Crops, with value of the
ALFALFA AND ECONOMIC VALUE two major livestock sectors, United States 2019-2021
Alfalfa is one of the world’s oldest domesticated crop R 201(355 L ioDo“arzs?n RANK(5)
with a history dating to before 2,000 CE. However, what | cattle and calves 663 631 722
is its relevance today? Alfalfa competes with wheat as Corn Grain 489 643 826 1
the 3 or 4" most important economic crop for farmers 2o S .
R K 1mp X R p Milk and Cream 41.9 40.6 40.7
(Table 1), in spite of the decline in acreage over the past  |Hay/silage/Greenchop (al) 205 199  21.9 3
20 years (Figure 1). Alfalfa is important in many other kiciylte Ealiel) e S S AT
. fth ld 11 It . t 1 Wheat (all) 8.9 9.4 11.9  3rdor4th
regions of the world as well. It remains a vital Cotton (al) 59 g 75 5
component of modern cropping systems due to its high Potatoes 4.2 3.9 41 6
yield, and its high-quality production for dairy animals Eice ) ii i: 2; ;
. . . . . . orghum . . .
and other livestock, gnd its value in rotations. It is a vital |5 ;s 11 13 1s 8
component of cropping systems that benefits many Sugarbeet 1.2 1.1 1.7 10
farmers. Although not widely recognized as a food- All Field Crops 1308 163 2011
. e1qe All Fruit and Nuts 29.0 29.1 **
producing crop, hundreds of millions of people consume )
L. . . Source: USDA-NASS (NASS.USDA.GOV). *Hay/Foage/Greenchop includes all
a food prOduCt Orlglnatlng with alfalfa each day harvested grass and alfalfa forage, does not include pasture or rangeland. Alfalfa is a
subset of all hay and forage.**data not yet avaialble
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What is the Value of Alfalfa? Often, the economic ‘value’ of a crop is simply calculated as the
‘farm gate’ value. In this ranking, alfalfa is either 3™ or 4™ in the US (Table 1), pretty high.
However, is that the only way to understand economic value? Wheat, for example is frequently

considered a ‘low value’ crop since returns to growers are
relatively low, but thousands of loaves of bread can be -
produced from an acre of wheat (Table 2). The ‘low value’ S
(low price) of a crop is often due to its high productivity! 60000
Table 2 compares several ‘low and high- value’ crops produced 50000
in California, the farm gate value, and projects a consumer

value of common products produced from these crops on an
acre basis. Although the calculation of ‘milk yields’ coming oo
from an alfalfa field is complex (alfalfa is only one ingredient o
in a dairy ration), a projection was made using the milk/ton

USA Alfalfa Harvested

40000

Hectares

30000

20000

Year
1926
1934
1942
1950
1958
1966
1974
1982
1990
1998
2006
2014

equation from the University of Wisconsin. Alfalfa fields are Hay Haylage
capable, using average figures in irrigated regions, of Figure 1. Alfalfa hectares have been reduced
producing a potential of over 2,000 gallons of milk per acre. in recent years due to various factors (data

USDA-NASS).

Table 2. Acreage, yield, and per-acre and consumer value of Several important California Crops (2020-2021 data) - Retail value produced per acre
given as examples.

Farm Production Products produced: Value to the Public
Farm Gate

CA Value Units Retail Retail Value California
Crop Acreage Crop Yield $$/unit Value ($/acre) [Common Retail Product Produced PerUnit Per Acre Consumer Value

acres lbs/a $/pound $/acre ltem Product/acre  $/unit $/acre
Wheat (grain) 100,000 4,640 $ 011§ 510.40 |Loaf of Bread (1 Ib) 4,408 $2.50 $11,020 $1,102,000,000
Rice (grain) 407,000 7,200 $ 016 $ 1,152.00 |Bag of White Rice (1 Ib) 6,840 $0.60 $4,125 $1,678,679,640
Alfalfa (hay) 510,000 14400 $ 013 $  1,800.00 |Bottle of Milk (gal.) 2,459  $3.53 $8,680 $4,426,937,700
Almonds (shelled) 1,250,000 2,040 $ 176 $ 3,590.40 |Nutsina Can (1 Ib) 1,836  $5.50 $10,098  $12,622,500,000
Lettuce (head) 80,000 38000 $ 030 $ 11,400.00 |Head of Lettuce (1 Ib) 36,100 $1.78 $64,258 $5,140,640,000
Tomato (Processing) 248,900 94,000 $ 005 $ 4,794.00 [Can of Tomato Sauce (Ib) 21,858  $0.89 $19,454 $4,842,006,018
Grapes (wine) 580,000 11,760 $ 034 $  3,963.12 |Bottle of Wine (1 liter) 3,772 $8.08 $30,478  $17,677,100,800

*Note; These crops differ significantly in dry matter content. Production data from NASS sources and CA ag. statistics sources. Most retail prices taken from consumer
price Index. Wheat and rice assumed to produce products at 95% of crop yield and almonds 90% of nut yield. Alfalfa to milk calculation using the University of Wisconsin
milk/ton calculation. Conversions of grapes and tomato based upon industry estimates.

Why is this type of comparison of interest? First, it illustrates the tremendous productivity of
agriculture to the consumer. Secondly, since all crops utilize precious land and water resources,
the public needs to know whether such allocations are ‘worth it’. Water is widely considered a
public resource, and this becomes particularly important in fights over water during drought.
Witness the frequent discussions in the media about producing ‘low value’ crops with water
resources, forgetting that these are typically the staples of human diets and of enormously
importance to the consumer.

However, are food products and farm profitability the only benefits of alfalfa?
ENVIRONMENTAL SERVICES OF ALFALFA

Sustainability for agriculture has become a catch phrase for government agencies, businesses,
farmers and researchers in recent years. Many businesses have ‘Sustainability Officers’,
recognizing the importance of environmental impacts of their activities and supply chains. As
the global population closes in on 8 billion souls, the uncertainties of climate change, water
supply, loss of habitat, and limitations of soil and water are real concerns for agricultural systems

21



and farmers, as they work to meet global energy and sustenance demands. Of particular concern
is the use of water to produce food sustainably, and the protection of soil, water and air
resources. After all, a mere 1-meter deep fragile layer of the earths’ crust, on only a fraction of
terrestrial area suitable for agriculture, must produce sufficient food and fiber for these
populations with declining water and energy resources and changes in climate. History and
current evidence illustrate the fragility of soil resources (Figure 2).
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Figure 2. The dust bowl of the 1930s in the US Great Plains and more recently, water erosion (right) in row crops, is
a reminder of the fragility of our soil resource. High-yielding alfalfa crops protect soils from erosion.

Table 3. Environmental Sustainability Benefits of Alfalfa Compared with the two other major
crops in the USA and use of short-term cover crops. (adapted from Meccage, 2021)

Sustainability Alfalfa Corn! Soybean'! Short Term
Benefit Cover Crops

Nitrogen Credits in ++ + +
Crop Rotation
Carbon ++ 0/- 0/- +
Sequestration
Improved Soil + +
Structure
Reduced Water + +
Erosion
Reduced Wind + +
Erosion
Decreased Nutrient + +
Leaching/runoff
Increased Soil + +
Microbial Diversity
Wildlife Habitat ++
Benefit
High Water Use + + + +
Efficiency
Resilience to + +
drought/climate

1.1t should be noted that crops like soybean and corn can also be managed in a way to improve environmental impacts of row
cropping, such as conservation tillage, use of compost, crop rotation with legumes, and management of crop residues.

22



There are a wide range of environmental benefits observed in alfalfa (Table 3). There have been
major efforts to introduce short term cover crops (e.g. triticale, vetch) into row-crop rotations,
recognizing their benefits on soil preservation and improvements in soil tilth. Each of these
benefits of alfalfa have tremendous potential to contribute to societal goals of sustainability.
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Figure 3. N benefit of alfalfa to subsequent wheat crops in California - 70-160 kg/ha N is credited from the
alfalfa crop to wheat, depending upon location, reducing costs and fossil fuel use in agriculture (Lin et al., 2015).

Nitrogen benefits and Crop Rotation. Nitrogen is a critical nutrient for plants, and typically the

most limiting nutrient in terrestrial cropping systems, especially for cereal grains (wheat, corn,

rice) and vegetables. Seventy-eight percent of the atmosphere consists of nitrogen (N2), which is
unavailable to plants, but can be made available through N fixation by Rhizobium bacteria in
symbiosis with legumes. Cropping 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 even the second year out of alfalfa as well (Creech et al., 2019; Undersander and

Barnett, 2008; Sheaffer, 2004, Lin et al., 2015). Figure 3 illustrates this benefit to the subsequent

crop — in this case wheat, but we’ve found similar benefits to corn, tomato and other non-

legumes. This leads to significant financial savings, as

nitrogen inputs represent a large portion of the input 32 °
costs (and carbon costs) in row crop production. 7: .
Furthermore, nitrogen presented to the soil in the form % sl AR o aza T 0o
of legume-synthesized nitrogen, versus the more mobile rheo.79% °f e
form from synthetic nitrogen fertilizer is more slowly z
available and decreases the potential for nitrogen % 2. FALLOW (a)
leaching into groundwater and aquifers. : e

o 261
Carbon sequestration. Historical data suggests that €
alfalfa can sequester significant amounts of carbon in © pal * oM@ . .
the soil and improve carbon concentrations deeper in the e . .
soil than many other crops (Figure 4). Jarecki et al. . R . A
(2005) found that when compared to continuous corn A s
CI'Oppil’lg, alfalfa sequestered 22% more soil organic Figure 4. Soil Carbon accumulation under alfalfa, corn

carbon (SOC), in agreement with Cates et al. (2016) and fallow (data from Angers, 1992)
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which found that alfalfa sequestered 26% more SOC than rotations that included only annual
crops (corn and soybean). Angers (1992) found that alfalfa accumulated carbon in the soil over 5
years, while corn or fallow fields showed a decline (Figure 4). 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 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. This illustrates the concept that high-yielding
alfalfa is positively correlated with carbon benefits to soils.

Additionally, alfalfa is deeper-rooted than many crops (Figure 5), especially grasses and annual
crops. 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.

Alfalfa growers have not widely participated in carbon
markets. Further data is needed, but the ability of alfalfa
fields to contribute to carbon capture should not be
ignored.

Soil health and mitigation of nutrient leaching.
Although ‘soil health’ is not often specifically defined
(nor is ‘human health’ for that matter!), it is a major
goal of farmers and those interested in sustainability of
systems. It generally refers to the optimal soil structure
(aggregates), mix of particles, minerals, pH, air and
water, organic matter and microbial biome all of which
contribute to the soil’s ability to grow crops. This is
related to the concept of ‘tilth’, and improving soils for

. . P
future generations. Many studies have found that —
multi-year use of alfalfa in cropping rotations Figure 5. The deep vigorous roots of alfalfa
ionifi v i ils. Alfalfa i the si (>2meters) contribute to carbon capture, protect soil
51gn1.1can y 1mproves SoLIS. alfa 1rpproves ¢ s1ze from erosion, improve the soil micro-biome and soil
of soil aggregates (Angers, 1992), which helps to structure, and allow for efficient water-use.

improve moisture retention, drainage and water

movement, and nutrient availability in the soil. It results in more stable soils that are resilient to
changes in climate such as periods of drought or heavy rains. Alfalfa helps to decrease erosion, a
benefit that has been shown by research studies that included alfalfa. Wu et al. (2011) found that
soils in rotation with alfalfa had infiltration rates that were 1.77 times that of bare soil, and
sediment transportation movement away from the field decreased by 78.4%, due to 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
(Figure 5), 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
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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.

The Carbon Benefit of N: Fixation. Another important consideration is the environmental cost
of using synthetic nitrogen fertilizers. Most reports estimate that industrial production of urea
produces approximately 3 tons of carbon per ton of urea produced, and 2 tons of carbon per ton
of ammonium nitrate produced. Added to that is the amount of carbon that is produced during
the transport and application process, representing a large financial and environmental cost to
growing that non-legume crop. Utilizing alfalfa decreases the dependence on synthetic fertilizers,
saving both dollars as well as carbon emissions.

Wildlife Habitat, Biodiversity and 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, to a wide range of insects and pollinators (Figure 6). Many
bird species (for example, the migratory threatened Swainson’s Hawk) prefer alfalfa fields over
neighboring landscapes. Pollinators (Figure 6) are critical for a healthy food production system,
and alfalfa hosts many species of pollinators. Bees are necessary for alfalfa seed production.
Alfalfa is also an important ‘insectary’ — with up to 1,000 species observed in fields (ask an
entomologist!). Over 25% of California’s wildlife use alfalfa for cover, reproduction or feeding
(Putnam et al., 2001), and similar numbers on a national scale (Fernadez et al., 2019). Alfalfa is
commonly used in strips in organic systems due to many ‘beneficial’ predator insects (e.g.
ladybird beetle, Figure 6) which help to control pests such as aphids. 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.

Figure 3. Examples of biodiversity, wildlife and insect habitat in alfalfa. Alfalfa is the beginning of a high-value food
chain. Top left: leafcutter bee pollenating alfalfa flower, top right curlew in alfalfa, bottom left, ladybird beetle which
helps control aphids, and bottom right, deer. (Photos by M. Wagner, Washington State)
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WHAT ABOUT WATER AND IRRIGATION?

Approximately 50% of US alfalfa is produced with full- or partial-irrigation (Figure 7). In many
areas of the world (Middle East, N. Africa, southern Europe, China, India/Pakistan and Australia,
irrigation of alfalfa is the norm. Alfalfa is a very successful crop under irrigation — average yields
in long-seasoned California and Arizona (~100% irrigated) are about 20 Mg/ha (9 tons/acre), and
maximum yields under good management are 35 Mg/ha (16 tons/acre). The high yields of alfalfa
under irrigation exhibit high water-use efficiencies, a key measure of water stewardship.

However variable rainfall and water availability is a major challenge. Over the past 10 years in
the USA, major alfalfa growing areas were affected by severe, extreme or exceptional drought
much of the time, sometimes over 40% of US acres (Figure 8). Drought conditions can cause
reductions in yield, or complete dry-downs of fields. In dry regions like the US West, it is
anticipated that drought will become a frequent visitor, challenging farmers and society as a
whole. It is important to note that while drought severely limits the production of alfalfa in that
given period, alfalfa is unique among the top commodity crops in that it can regrow as soon as
moisture returns, and provides perennial cover to protect the soil from erosion.

Production of Irrigated Alfalfa Hay, Greenchop, Silage (tons) Percent of alfalfa hay acreage in drought
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Sources: USDA, Economic Research Service using National Drought Mitigation
Center data; and U.S. Drought Monitor data.

Figure 7. Irrigated alfalfa production in major US states, Figure 8. Percentage of US alfalfa hay produced under
USA (2018 data) severe, extreme and exceptional drought, past 10 years.

Increases in extreme weather variation is a frequently predicted outcome of climate change —
severe droughts followed by torrential rains. This makes alfalfa’s ability to grow once moisture
returns even more important, as it can help to provide ground cover during those torrential rains
and begin utilizing that moisture versus an annual crop that dies out from lack of moisture.

The need for resiliency of agricultural food-producing systems given the certain variation in
water supply is a current and future reality. What are alfalfa’s biological properties that are
relevant to a water-challenged future?

CHARACTERISTICS OF ALFALFA THAT PROMOTE SUSTAINABILITY
OF WATER USE

Although often the target of criticism due to high water use (and low value), alfalfa has a series
of qualities that are actually positives when it comes to water resiliency and efficiency.

High Water-Use Efficiency, High Harvest Index. The harvest index (HI), the percentage of
above-ground crop harvested for economic product of alfalfa is about 100%, whereas most crops
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the harvest index range 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. The Water
Productivity is even higher with optimum varieties and management: illustrating that high yields
and profitability are positively correlated with environmental benefits.

Deep Roots and Utilization of Residual Moisture. Alfalfa roots have been documented as
deep as 15 feet (5 m), and routinely explore soils in the 3-9 foot (1-3 m) range when soils
provide no impediments (Figure 5). Residual moisture from previous irrigation and rainfall
events (months earlier) are often very important in sustaining alfalfa production during periods
of insufficient surface water from rain or irrigation (Figure 9). 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
(through soil channels and microbial action)
and soil health.

High flexibility during droughts. There is
now considerable data that confirms the ability
of this crop to sustain forage production when
water is reduced during droughts (Figure 10).
No grower would prefer to under-irrigate their  Figure 4. The resilience and deep rootedness of alfalfa was
crop, but when necessary, this crop tolerates demonstrated during the 2021-22 drought at Tulelake, CA,
short-term droughts in most cases. Yields are where near full yields of alfalfa was observed with zero
almost always lower when under-irrigated, but ~ irrigation, with approximately 14" (350mm) winter rainfall
the crop can still produce adequate yields when ©over 2 years. (Photo, July, 2021. D. Culp).

Alfalfa SDI Deficit Trail - Davis (2015)
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Figure 10. Cutoff of irrigation water after July 4 of 50% of irrigation applications
resulted in about 80% of full yield, while cutoff 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 high productivity in early harvests, and use of residual moisture after
irrigations cease (data Davis, CA, 2015).
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irrigations cease (Figure 10). Yield penalties from deficit irrigation strategies widely vary by
soil type and environment (Cabot et al., 2017, 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 72 of full watering normally
applied through irrigation systems (Figure 10). In MOST cases, alfalfa can recover from these
summer droughts, to be re-watered in subsequent years.

Multiple Harvests, Partial Season Production. While most crops are harvested once during
the year, alfalfa is harvested multiple times. In short-seasoned environments, harvest range from
2 to 5 and in longer-season environments 7 to 12 harvests. Yields typically decline later in the
season, even if fully watered. “Summer slump” (Ottman and Putnam, 2017) is a common
observation in alfalfa (notice yield trends, Figure 10). In most environments, over 60% of the
production is realized by mid-summer. 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. This enables partial-season production with limited water (Figure 10).

When partial-season dry-downs are necessary, will the crop survive and recover to produce when
watered again? They answer is generally ‘yes’. When deficits were applied in Colorado studies
(Cabot et al., 2017), in virtually all cases, the fully-watered crop recovered in the following year.
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. We’ve found similar
recovery of previously-stressed alfalfa in California studies (Frate et al., 1991); The only
exception to this result are on the harsh cracking-clay soils under high salinity and intense head
of the Imperial Valley, where stand decline from summer deficits is more common.

Ability to be over-watered in Winter to Recharge Aquifers. Given the high variation in
annual precipitation (Figure 7), 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. (2022, unpublished) have shown winter flooding events not to damage alfalfa
yields, in fact benefitted yields due to the early irrigate events if done carefully. Alfalfa has an
advantage vs. fallow or other crops, in that nitrate contamination of groundwater is likely to be a
lower risk. However, it is well known that alfalfa can be damaged with excess flooding, so only
care must be taken to reduce oxygen deficits since flooding can kill alfalfa.

Water Early, Apply Deficits Late. Due to this seasonal production pattern, 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. We found that early season (February-March)
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. 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 lack of water and poor
drainage. Contrary to some published accounts, alfalfa is highly tolerant of salinity. Over four
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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 high 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 scarce water supplies.

Table 4. Cumulative effect of salinity on alfalfa yield, average of 35 varieties over four years, Five Points, CA.
Trial was planted 3/29/17, so first year data is a partial year result. Water with ECw of 8 to 11 dS/m was
applied to the saline plots (high salinity) and water of 1.0-2.0 dS/m to Low Salinity plots. On a deep clay loam
soil. Soil salinity at the completion of the trial ranged from 12-17 ECo, depending upon depth. Unpublished
data (D.H. Putnam, UC Davis).

2017 Season 2018 Season 2019 Season 2020 Season Cumulative
Yield - 4 cuts Yield 7 cuts Yield 8 cuts Yield 7 cuts Average (t/A)
Salinity Level

Low High Low High Low High Low High Low High

tons/acre
Minimum 3.5 3.6 10.2 7.9 11.4 9.9 12.0 7.7 39.0 30.5
Maximum 6.0 5.5 14.6 11.3 16.2 13.3 17.3 13.0 52.7 42.7
Average 4.8 4.6 12.3 9.6 14.4 11.5 14.7 10.2 46.1 36.1

Yield loss 4% 22% 20% 31% 22%
freatment 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

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 water is
limited, 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.

SUMMARY

Though often skewered in the press for its ‘low value’ and water use, both the on-farm
profitability and broader value of alfalfa to the consumer and environment is frequently
underestimated. High crop yields are correlated with a range of environmental benefits,
suggesting a need for ‘sustainable intensification’ of alfalfa crop production. The significant role
alfalfa plays in, soil conservation, high carbon capture, benefits to non-legumes in rotation, soil
health, biodiversity and wildlife habitat, and flexibility during droughts suggest that this crop
should be envisioned as a critical aspect of sustainable agricultural systems.
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CROPPING ALFALFA TO ENHANCE ABOVE AND BELOWGROUND
BIODIVERSITY

Marisol Berti!, Anastasia Kurth!, Haley Mosqueda', Samuel Bibby', and James V.
Anderson?

ABSTRACT
Biodiversity is a key factor to maintain healthy, resilient, and stable cropping systems. As
biodiversity decreases, cropping systems are more susceptible to biotic and abiotic stresses that
can lead to reduced productivity and detrimental effects to the environment. Alfalfa (Medicago
sativa L.) is a key component in crop rotations offering numerous ecosystem services including
enhanced above and belowground biodiversity. Aboveground, the high protein content in alfalfa
leaves attracts many arthropods, including predators of insect’s pests and pollinators. Many other
arthropods live below the alfalfa’s canopy such as ground beetles, spiders, and crickets to
mention a few, which provide many functions to the microecosystem. Researchers have shown
that species number and diversity is greater for ground arthropods in alfalfa than in other annual
crops. Belowground, the ability of alfalfa to fix atmospheric N> in symbiosis with Sinorhizobia
and other microbial communities increases the availability of nutrients for crops, soil
microarthropods, and microbes. Biogeochemical processes in the soil are driven by different
groups of bacteria and fungi. These processes alter the soil structure promoting soil aggregation,
which in turn provides a habitat for different functional groups of microorganisms ultimately
responsible for overall soil health. Previous research has found that cropping systems including
alfalfa have significantly greater fungal and bacterial biomass, diversity index, and richness in
the soil compared with cropping systems including annual crops such as corn (Zea mays L.) and
soybean [Glycine max (L.) Merr.]. Although efforts to integrate alfalfa into cropping systems are
underway, greater efforts are needed to disseminate the benefits of including alfalfa in crop
rotations to growers.

Key Words: alfalfa, biodiversity, arthropods, pollinators, soil microbiome

INTRODUCTION
Biodiversity is defined as all the different kinds of living organisms you find in one area,
including plants, animals, fungi and microorganisms like bacteria. Biodiversity is a key factor to
maintain a healthy, resilient, and stable cropping system. As biodiversity decreases, cropping
systems are more susceptible to biotic and abiotic stresses that can lead to reduced productivity
and detrimental effects to the environment. Alfalfa offers numerous ecosystem services
including biodiversity restoration (Baldwin-Kordick et al., 2022).

Prior to the 1970’s, crop rotations in the Midwest U.S. generally included 5-8 crops with alfalfa
as a main component of the rotation (Aguilar et al., 2015). However, as conventional
intensification of crop production shifted to short-rotations of row crops that rely heavily on

! Marisol Berti (marisol.berti@ndsu.edu), Anastasia Kurth (anastasia.kurth@ndsu.edu), Haley Mosqueda
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University, Fargo, ND, 58108. 2 James V. Anderson (james.v.anderson @usda.gov), Sunflower and Plant Biology Research Unit,
USDA-ARS, Edward T. Schafer Agricultural Research Center, Fargo, ND 58102. In: Proceedings, 2022 World Alfalfa Congress,
14-17 November, San Diego, CA. UC Cooperative Extension, Plant Sciences Department, University of California, Davis, CA
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chemical fertilizers and pesticides, technological improvements, and market forces, diversity
drastically declined in rotational cropping systems. Compared with other regions in the USA,
the Midwest Corn Belt Region currently has the least crop diversity and the steepest decline in
diversity since 1978 (Aguilar et al., 2015).

In addition to the importance of alfalfa in human food production (milk, meat, cheese, etc.),
alfalfa also is at the beginning of the food chain that supports many types of arthropods (insects,
spiders, mites, and others), small herbivores such as ground squirrels and mice, and large
mammals such as deer (Putnam et al. 2001). Indirectly, many other species including birds,
mammals, reptiles, and others feed on the small herbivores that feed on alfalfa, which is usually
the only crop that is green in the late fall and early spring when no other crop is available for
feed. The year-round cover of alfalfa also provides important habitat for many insects, birds,
mammals, and others. In California, for example, 182 species of birds, mammals, amphibians
and reptiles were observed using the alfalfa crop and borders of fields for feeding, reproduction,
or cover (Putnam et al., 2001).

Niemuth et al. (2021) demonstrated that non-native planted cover such as alfalfa can
substantially enhance pollinators providing nectar sources and serving as a buffer from pesticides
associated with croplands. The high protein content in alfalfa leaves and the cover provided by
the canopy attracts many arthropods, including many predators of insect’s pests. In fact,
beneficial insects compose 99% of the insects present in the alfalfa canopy with pests
representing only about 1% (Putnam et al., 2001). Alfalfa is a cross pollinated plant and its
flowers attract many pollinators providing them with pollen and nectar (Fig. 1). However, in
alfalfa hay production areas where alfalfa is generally cut at late bud or early blooming, alfalfa
does not contribute to increase the diversity of pollinators (Mogren et al., 2016). Many other
arthropods live below the alfalfa’s canopy such as ground beetles, spiders, and crickets, to
mention a few and provide many functions to the microecosystem. Researchers have shown that
species number and diversity of ground insects and spiders is greater in alfalfa than in other
annual crops. In fact, researchers in California have identified over 1000 species of arthropods
inhabiting alfalfa fields (Putnam et al., 2001).

Belowground, microarthropods, earthworms, and microorganisms thrive in alfalfa fields and
contribute to soil health. The ability of alfalfa to fix atmospheric N> in symbiosis with
Sinorhizobia and its association with arbuscular mycorrhizal fungal (AMF) communities
increases the availability of nutrients for alfalfa, crops that follow in the rotations, and soil
microarthropods and microorganisms. The rhizosphere (area surrounding the roots) of alfalfa
has trillions of microorganisms, 10 to 100 times more than in the soil not associated with the root
system (Putnam et al., 2001). The biological activity in the root rhizosphere increases due to the
release of nitrogen- and carbon-rich exudates from alfalfa. However, changing the cropping
system can alter microbial communities with specific functions such as N2O reduction to N>
(Grafet al., 2019). For example, intercropping alfalfa with orchardgrass (Dactylis glomerata L.)
increased N2O emissions compared with either crop alone. This resulted from the shift of
rhizosphere bacterial communities towards incomplete denitrifiers rather than N>O reducers
(Grafet al., 2019).
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Important biogeochemical process occurring in the soil are driven by different groups of bacteria
and fungi. These processes are critical for altering soil structure and promoting soil aggregation,
which in turn provides habitat for different functional groups of microorganisms that are
ultimately responsible for overall soil health (Potter et al., 2021). In addition, the higher
diversity index in topsoil due to greater belowground C from alfalfa serves as source material for
microbes and reduces vulnerability of communities to tillage.

Previous research has found that cropping systems including alfalfa have significantly greater
fungal and bacterial biomass, diversity index, and richness in the soil compared with cropping
systems including annual crops such as corn and soybean (Niu et al., 2020; Potter et al., 2022). A
different study reported a 62% increase in microbial biomass after 4 years in a rotation including
two years of alfalfa and manure application (Baldwin-Kordick et al., 2022). Niu et al., (2020)
concluded that 14-years of continuous alfalfa had greater microbial biomass, Shannon-Wiener
diversity index and richness at 0-30 cm and 30-60 cm, and functional diversity compared with a
4-5 years of annual crops wheat (7Triticum aestivum L.)-corn-potato (Solanum tuberosum L.) and
millet (Panicum miliaceum L.).

In addition, alfalfa suppresses weeds that are common in annual crops, by shading them or
avoiding seed production by the frequent cuttings. Weed suppression can lead to less use of
herbicides benefiting other organisms in the microecosystem. The use of chemical products
reduces the diversity of organisms in plants and soils, and limiting chemical use also reduces
herbicide-related aquatic toxicity (Liebman et al., 2021). Diversity in the soil weed seed bank
can be used as an indicator of cropping system sustainability, with greater diversity indicating
greater sustainability in comparison with a less diverse weed seed bank. Liebman et al. (2021)
reported that going from a 2-year to 4-year rotation including 2 years of alfalfa increased weed
seed bank diversity.

Increasing the acreage of alfalfa in rotation with other crops is needed to reduce the negative
environmental effects of row crop monocultures. Many farmers are reluctant to grow alfalfa
because they do not have cattle, equipment required to cut and bale alfalfa, and a market to sell
the hay. However, there are creative ways to integrate alfalfa into cropping systems. For
example, even just adding alfalfa to the non-productive headlands, which have low yield of corn
or soybean anyway, can benefit wildlife and soil health. Many growers are starting to plant
alfalfa in headlands and usually neighbors are interested in harvesting and taking the hay. With
many states under moderate to severe drought conditions any hay is valuable and can be sold.

Preliminary Results of Arthropods Biodiversity in Different Crops in North Dakota

A study was conducted in Hickson and Prosper, ND in the summer of 2022. One of the
objectives was to evaluate the biodiversity of arthropods in alfalfa in comparison to summer
fallow (no crop), soybean, corn, wheat, forage sorghum (Sorghum bicolor L.) and sunflower
(Helianthus annuus L.) Insects were recorded weekly using pitfall traps for crawling arthropods
and sticky traps for flying insects (Fig. 2). Pitfall traps consisted of a cup placed in the soil at
soil level with a cover that only left about 2-cm space between the cup surface and the lid. The
sticky traps were all placed 60-cm above the soil on a stick (Fig. 2).
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In the pitfall traps, 30 different families of arthropods were collected among all crops and at both
locations, but the number of families in each crop ranged between 6-7 for all crops. Four families
of arthropods accounted for 98% of the collected specimens averaged across locations and crops
(Fig. 3). Insects in the Gryllidae and Carabidae families declined over time in all crops while
those in the Phlocideae and Sciaridae families increased at the end of the growing season.
Phlocidae are a family of araneomorph spiders commonly known as cellar spiders, whereas
Sciaridae are a family of flies known as dark-winged fungus gnats. The increase of these last
two families at the end of the season is likely related to the presence of dead plant material, since
several crops had been harvested by the last three recordings with only residues left in the field.
Wheat had the greatest number of specimens collected through the summer (Fig. 4). The last
collection on 29 September was equal for all crops. Interestingly, the greater number of collected
insects in wheat was due to crickets (Gryllidae) and ground beetles (Carabidae) inhabiting the
under canopy of wheat (Fig. 5). Both families of insects declined over time, which might be
related to the plant senescence at the end of the season or drier conditions that interrupt the
insect’s life cycles. The sticky traps in treatments including corn, sorghum, alfalfa, and corn-
alfalfa and sorghum-alfalfa intercropping are yet to be analyzed but visual observation indicates
greater diversity of arthropods in alfalfa than in corn and forage sorghum monoculture (Fig. 6).

In conclusion, these preliminary results show a trend of increased diversity of arthropods in
alfalfa compared with other annual row crops. However, variation in insect’s population and
diversity is probably also related to other factors such as temperature, rainfall, crop’s growth
stage and insect’s life cycle. The study will be repeated in 2023 at two locations.
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DEFINING QUALITY IN ALFALFA (DECONSTRUCTING THE PLANT)
David C. Weakley!
ABSTRACT

Alfalfa nutrient components play a role in the growth and development of the plant, as well as
the nutrition of the ruminant animals consuming it. Despite the fact there is no symbiotic
relationship between alfalfa and ruminants, the nutrient composition of alfalfa complements the
nutritional requirements of ruminant animals surprisingly well. We know more about the role of
some nutrient components (Neutral Detergent Fiber, NDF; Rumen Undegraded Protein, RUP;
Starch, Fat, Minerals) than we do about others (Pectin; Water Soluble Carbohydrates, WSC;
Rumen Degraded Protein, RDP). Lab analysis of 1070 samples of freshly cut alfalfa plants,
hand-harvested from various locations across the United States from 2019-2022, demonstrates
the size and range of these various nutrient fractions (expressed as a percent of dry matter).

We know the most about the largest of these fractions, NDF (33.5% =+ 5.5), and its digestibility,
NDFd (49.4% of NDF =+ 4.9), since taken together and expressed as Ruminal Undigested NDF
(RuNDF) it can have a profound impact on intake, feed passage rate through the rumen, and
subsequent ruminal digestion of the entire diet. As a forage, alfalfa is well suited in this respect
since its RuNDF content is relatively moderate, compared to most other forages, because of its
moderate NDF content, coupled with its high rate of NDFd.

Crude protein (CP; 22.8% + 3.2) is another of alfalfa’s important nutritional contributions,
comprised of RUP and RDP. RUP is a direct contributor to the essential metabolizable protein
(MP), or “absorbed” protein supply to the ruminant animal and has been studied extensively
(NASEM, 2021). However, no comprehensively validated laboratory method yet exists for its
measurement in alfalfa. This is a significant need, since it would also allow for the calculation of
alfalfa RDP (i.e., CP minus RUP) which is rich in peptides. Peptides have been shown to
improve synthesis of microbial protein in the rumen, which is another important contributor to
the ruminant’s MP supply.

The least understood of alfalfa’s carbohydrate fractions are the non-fiber carbohydrates: starch,
pectin, and WSC. While starch constitutes a relatively small fraction (2.9% =+ 2.2), pectin
(considered by many as “soluble fiber”’) and WSC taken together constituted an average of
28.2% of the dry matter in this sample set. While we consider these fractions as “benign” energy
sources, they warrant further study for potential beneficial effects on rumen function.

With some predictability, we can modify the nutrient composition of alfalfa through variety
selection, as well as management of the crop during growth, harvesting, and storage. The key is

Ip.C. Weakley (DCWeakley@foragegenetics.com), Forage Genetics International, Gray Summit, MO 63039. In: Proceedings,
2022 World Alfalfa Congress, San Diego, CA, USA, Nov. 14-17. 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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possessing an understanding of how to use laboratory quality measurements to manage the
alfalfa crop to the best advantage of the ultimate consumer, the ruminant animal.

Key words: Fat, Minerals, Neutral Detergent Fiber (NDF), Pectin, Rumen Degraded
Protein (RDP), Rumen Undegraded Protein (RUP), Starch, Water Soluble Carbohydrates
(WSCO)

INTRODUCTION

Any discussion of alfalfa forage quality should be based on an understanding of the functional
and nutritional components of the plant. The major constituents are crude protein, minerals
(ash), fat, fibrous carbohydrates, and non-fibrous carbohydrates. While many excellent reviews
discuss each of these fractions in greater detail (Hall, 2015; Mertens, 2015), this discussion will
be confined to the key nutritional components in alfalfa having the greatest feeding value for
ruminants.

To obtain a better understanding of the relative importance of these various fractions in alfalfa,
1070 samples of freshly cut alfalfa plants were hand-harvested from test plots in WI, CA, WA,
ID, KS, PA, IA, and Argentina from 2019-2022 and analyzed to demonstrate the size and range
of these various nutrient fractions (Forage Genetics International, Gray Summit, MO, 2022).
Hand-harvested plot samples were chosen to minimize confounding of nutrient profiles resulting
from differential harvest losses that can occur from commercially procured samples. Samples
were procured across multiple cuttings, fall dormancies, and maturities. The numbers of each
nutritional assay performed on the sample set are reflected on the y-axis of the following figures,
since some assays were not performed on the entire sample set.

For this alfalfa discussion, CP, ash, fat, fibrous carbohydrates, and non-fibrous carbohydrates
sum to 100% (on a DM basis). The scheme laid out by M.B. Hall (2015; Figure 1) was used for
identifying the carbohydrate fractions (fibrous and non-fibrous carbohydrates).

H Plant Carbohydrates ||
]

Figure 1. Plant Carbohydrates.

Cell Cell
Contents Wall ADF = acid detergent fiber, NDF =
I | neutral detergent fiber, NFC = non-

fiber carbohydrates, WSC = water-

* >

NFC NDF

Organic|Simple [Short Fructans[Starch Pectins HemicelIuloses{Cellulose|Lignin
Acids _|sugars, ;:hlfim H Mixed ' ' soluble carbohydrates. (Hall, 2015)
. sucrose, [(oligo- i linkage ! ]
1 ! 1
! [actose sacch.) U | p-glucans P
! ' i
I 1

i WSC Starch ! i ADF

40



CRUDE PROTEIN (CP)

The distribution of crude protein in the sample set is shown in Figure 2. The variation in CP is
caused not only by variety differences, but also by cutting, maturity and environmental effects.

Crude Protein, % of DM
300

Figure 2. Crude protein from 1070

samples of freshly cut alfalfa samples
hand-harvested across multiple cuttings
and maturities from test plots in WI, CA,
WA, ID, KS, PA, IA, and Argentina from
2019-2022. (Forage Genetics
._ - International data, Gray Summit, MO,
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From a nutritional perspective, alfalfa is the highest protein containing forage available to
ruminant diets. It contributes to the ruminant’s metabolizable protein supply directly through a
fraction that escapes ruminal digestion, known as rumen undegraded protein (RUP). Recent in
vitro analysis of 71 fresh-cut alfalfa samples suggested this fraction to equal 24% + 6.4 of CP
(Forage Genetics International data, Gray Summit, MO, 2022).

The remaining 76% of the CP fraction is degraded in the rumen and known as rumen degraded
protein (RDP). A portion of this fraction is captured by ruminal microorganisms in the form of
peptides, amino acids, and ammonia to be used to synthesize microbial protein. Microbial
protein, along with the RUP fraction, flows into the small intestine to supply the metabolizable
amino acids necessary to meet the ruminant’s various protein synthetic requirements.

Many consider that since the RDP fraction of alfalfa is so large, much of it cannot be captured in
microbial protein synthesis and must therefore be wasted through rumen ammonia losses across
the rumen wall, ultimately being excreted as urinary urea. However, some researchers have
shown benefits to the diet from alfalfa’s apparent RDP contribution. One such study from the
Miner Institute (Grant et al., 2022) fed high producing dairy cow diets that were similar in
nutrient content but contained five different ratios of alfalfa hay to corn silage in the forage
portion that constituted 62% of the diet DM. Results are shown in Table 1.
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Milk components

Table 1. Milk component yield of 105

early lactation cows fed diets varying in

alfalfa hay:corn silage in 62% forage diets

of similar metabolizable protein and
energy content. (Grant et al., 2022)

Alfalfa-to-corn silage ratio (DM basis)

10:90 30:70 50:50 | 70:30 | 90:10
Fat, % 4.08 4.06 4.02 4.01 4.22
Fat, Ib/d 3.9 4.0 4.0 3.9 4.0
True protein, % 3.01 3.07 3.01 3.02 3.05
True protein, Ib/d? 2.93 3.02 3.00 2.90 2.92
MUN, mg/dIb 9.8 8.5 10.4 11.0 12.0
De novo FA, g/100 g FAb 24.76 25.86 25.82 25.22 | 25.58

aSignificant cubic effect (P < 0.05).
bSignificant quadratic effect (P < 0.05).

As demonstrated by the higher milk protein yields, the lower MUN level (milk urea nitrogen, a
reflection of rumen ammonia levels) and higher de novo FA levels (a reflection of milk fatty acid
synthesis) shown in red in Table 1, a diet of alfalfa-to-corn silage somewhere between 30:70 and
50:50 was optimum in these diets. Presumably, this resulted from improved ruminal microbial
growth and protein synthetic activity from alfalfa being present in the diet at these levels.

In vitro results (Hall, 2017) comparing two RDP sources of different ruminal availabilities would
support these findings, where peptides supported greater microbial protein nitrogen synthesis
than did urea (Figure 3). The RDP in alfalfa has been shown to be a rich source of peptides,
derived primarily from Ribulose-1,5-bisphosphate Carboxylase (Rubisco) (Howarth et al., 1977),
suggesting alfalfa RDP could stimulate microbial yield in the rumen.
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Figure 3. Effect of different rumen
degradable protein (RDP) sources, urea,
or peptides (tryptone), on synthesis of
microbial protein nitrogen (N) in vitro
when glucose was the energy source.
(Hall, 2017)

While an assay for determining in vitro protein digestibility of ruminant feeds has been
developed (Ross et al., 2013), its use in measuring RUP in alfalfa requires further validation.

ASH

While soil contamination can be a significant contributor to the ash content of harvested alfalfa,
these samples (Figure 4) should have been relatively free of soil contamination since they were
hand-harvested from research plots. Even so, the average ash content was 10.7%, with some
samples as high as 17%. This ash is comprised mostly of the macrominerals calcium, potassium,
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phosphorus, sulfur, and magnesium (NASEM, 2021), most of which contribute to the positive
cation exchange capacity (CEC) of alfalfa. This high CEC is linked to alfalfa’s contribution to
the diet’s greater buffering capacity which promotes greater milk fat synthesis by the cow
(Robinson, 2014).
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Figure 4. Ash from 1070 samples of
50

freshly cut alfalfa samples hand-harvested

across multiple cuttings and maturities

from test plots in WI, CA, WA, ID, KS, PA,

IA, and Argentina from 2019-2022.

(Forage Genetics International data, Gray
' .-__ Summit, MO, 2022)
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While the macrominerals in ash can have a beneficial effect on animal performance through their
effect on the CEC and mineral nutrient supply, ash can also have a direct negative effect since it
provides no other value to the animal and dilutes down the nutritive value of the forage.
Therefore, it is important to avoid soil contamination of alfalfa during harvesting.

FAT

While fat is an energy-dense nutrient and contains about 2.25 times the energy found in
carbohydrates, its content in alfalfa is relatively low (Figure 5). The average fat content, as
measured after acid hydrolysis, in a subset of 72 samples from the sample set was only 3.1%,
with some samples as high as 5%.

Fat (Acid Hydrolysis), % of DM
30
Figure 5. Fat (acid hydrolysis) from 72
samples of freshly cut alfalfa samples

20 hand-harvested across multiple cuttings
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FIBROUS CARBOHYDRATES

The largest functional and nutritional component of alfalfa is the neutral detergent fiber (NDF)
fraction which represents the cell wall, or fibrous carbohydrate, portion of the plant comprising
33.5% * 5.5 of the DM (Figure 6). Its digestibility (NDFd; 49.4% of NDF + 4.9) shown in
Figure 7 was measured following 48 hours of in vitro digestion with a buffered mixed rumen
culture (Goering and Van Soest, 1970).

NDF, % of DM

250
Figure 6. Neutral Detergent Fiber (NDF)

g 200 from 1070 samples of freshly cut alfalfa
% 150 samples hand-harvested across multiple
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Avg: 33.5 Std. Dev: 5.5
NDFd 48 hr., % of NDF
160 Figure 7. NDF digestibility (NDFd) from
140 1070 samples of freshly cut alfalfa
& 120 samples hand-harvested across multiple
g 100 cuttings and maturities from test plots in
“ 80 WI, CA, WA, ID, KS, PA, IA, and Argentina
9 from 2019-2022. (Forage Genetics
= II International data, Gray Summit, MO,
_m B o

(37,39]  (41,43]  (45,47) (49,51]  (53,55] (57,59] (61, 63]
[35,37] (39,41] (43,45] (47,49] (51,53] (55,57] (59, 61]

Avg: 49.4  Std. Dev: 4.9

The importance of both these measurements rests in their contribution to the Ruminal
Undigested NDF (RuNDF) content of the diet. For a particular forage, the amount of RuNDF is
calculated by multiplying the undigested NDF (100% - NDFd, express on an NDF basis), by the
NDF content of the forage. The sum of the RuUNDF amounts from each of the forages in the diet
represents an approximation of rumen fill.

The amount of rumen fill is a critical factor in controlling animal performance as shown in
Figure 8. Too little rumen fill results in an increased ruminal passage rate of the diet, leading to
greater intake and milk production, but at lower ruminal digestibility and poorer feed efficiency.
Excessive rumen fill results in a reduced ruminal passage rate of the diet, leading to reduced
intake and milk production, but at improved ruminal digestibility and feed efficiency. Most diets
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are formulated at an optimum compromise in rumen fill where intake and milk production are
maximized at a reasonable feed efficiency. This usually occurs at an RuNDF level of
approximately 11% of diet DM (Weakley, 2015). As a forage, alfalfa is well suited in this
respect since its RuNDF content is relatively moderate, compared to most other forages, because
of its moderate NDF content, coupled with its high rate of NDFd. Recent genetic modification
of the lignin content in HarvXtra® alfalfa (Forage Genetics International) has allowed greater
flexibility in fine-tuning the NDFd advantage.

Can Use Rumen Undigested
NDF (RUNDF; Rumen Fill) to
Optimize the Diet
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Figure 8. Influence
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undigested NDF
(RUNDF) on intake,
feed efficiency and
production in dairy
cows. (Weakley,
2015)

Recently, there has been increasing interest in the amount of ash in NDF (NDFash; Figure 9).
While this has implications for nutritional modeling, for purposes of this discussion, it allows for
the calculation of non-fibrous carbohydrates.
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NDFash, % of NDF

Figure 9. Ash in NDF (NDFash) from 71
samples of freshly cut alfalfa samples

25 hand-harvested across multiple cuttings
20 and maturities from test plots in WI, CA,
15 WA, ID, KS, PA, IA, and Argentina from
- 2019-2022. (Forage Genetics

. - International data, Gray Summit, MO,

; — 2022)
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Number of Samples

Avg: 3.6 Std.Dev: 2.4

NON-FIBROUS CARBOHYDRATES

As represented in Figure 1, the non-fibrous carbohydrate fraction is composed of many
substances. For simplicity, pectin, starch, and water-soluble carbohydrates (WSC) will be the
fractions discussed regarding alfalfa. As observed in Figure 10, the average starch content of a
subset of 71 alfalfa samples was relatively low (2.9% + 2.2), except for a few samples of higher
content.

Starch, % of DM

Figure 10. Starch from 71 samples of
freshly cut alfalfa samples hand-
harvested across multiple cuttings
and maturities from test plots in WI,
CA, WA, ID, KS, PA, IA, and Argentina
from 2019-2022. (Forage Genetics

— —— International data, Gray Summit, MO,

(2.3,3.8] (5.3, 6.8] (8.3,9.8] (11.3, 12.8] 2022)
[0.8,2.3] (3.8,5.3] (6.8, 8.3] (9.8, 11.3]

MNumber of Samples

Avg: 2.9 Std.Dev: 2.2

Direct measurement of the pectin and WSC content of a forage is very expensive, so their
content is usually determined by difference. For this alfalfa discussion, [pectin + WSC] = 100 —
[CP + Fat + (Ash — NDFash) + NDF + starch]. While [pectin + WSC] cannot be calculated for
each individual sample in the sample set (due to some samples missing values), it can be
calculated as an average for the sample set as a whole. As such, [pectin + WSC] =100 — [22.8 +
3.1 +(10.7-33.5x.036) + 33.5 +2.9] =28.2%.

The reason for going to the trouble of calculating this fraction is because it is a relatively large
portion of the alfalfa plant that we know relatively little about. Alfalfa has been reported to
contain 10-14% pectin (Hatfield and Weimer, 1995; Jung et al., 2001), which means the
remainder of the 28.2% is WSC. Pectin is rapidly degraded by rumen microbes producing
acetate and propionate, but not lactate like rapidly fermented starch (Hatfield and Weimer,
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1995). It can be assumed that the WSC fraction also has a high rate of ruminal digestion.
Therefore, the criticism that alfalfa lacks a rapidly, ruminal digestible carbohydrate fraction like
that found in corn silage, is unfounded (28.2% [pectin + WSC] + 2.9% starch = 31.1% rapidly
digestible carbohydrates which will rival the starch content of an average corn silage).

IMPORTANCE OF LEAVES

Work conducted in the Forage Genetics International Digestibility Lab, (internal data, 2021),
separating alfalfa leaves from stems, demonstrated the nutritional differences between the two
fractions (Table 2). As observed, leaves contain a higher concentration of protein and minerals,
and less of NDF than stems. Moreover, the average Relative Forage Quality (RFQ) value, a
measure of alfalfa quality, confirms most of the nutritional value of alfalfa is contained in the
leaves (RFQ =442.3 vs. 84.3 in leaves vs. stems, respectively). A study in the same lab with a
different set of 200 alfalfa samples showed that every 1% improvement in leaf retention garnered
a 4.6 percentage unit improvement in RFQ (Figure 11; Weakley and Rodger, 2021). This
relationship became even more rewarding the greater the leaf retention. These findings
emphasize the importance of retaining leaves during the growing and harvesting phases to best
capture the nutritional benefits of alfalfa, as well as improve harvested yield.

Nutritional Analysis of Leaves and Stems

Table 2. Nutrient profile of leaves vs.

CP, Ash,% NDF, NDFd, stems from 36 alfalfa samples
%DM of DM %DM %NDF RFQ RFV collected from WI. CP = crude protein,
LEAVES NDF = neutral detergent fiber, NDFd =
Average  29.1 11.2 197 603 4423 3673 NDF digestibility, RFQ = Relative
Std. Dev. 2.2 0.7 1.4 4.0 36.3 29.5

Forage Quality, RFV = Relative Feed
Value. (Forage Genetics International

STEMS _
Average 118 7.4 605 394 843 789 internal data, 2021)
Std.Dev. 1.0 08 25 35 104 58

Leaves influence RFQ in a curvilinear way

Percent Leaves vs. RFQ, 360 samples from 2019 % leaves RFQ
500 » 40 132
o R2=0.8788 "! 45 150 Figure 11. Relationship between
- 50 172 percent leaves and RFQ (Relative
g 0 55 196 Forage Quality) from 200 alfalfa
150 60 224 samples collected from W], ID, and

100
50

CA. (Weakley and Rogers, 2021)
00 100 200 300 400 500 600 700  80.0 I percenFage unit leaves
Percent Leaves = 4.6 units of RFQ
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CONCLUSION

While there are many factors contributing to alfalfa’s nutritional value in diets, it’s apparent that
NDF, NDFd, RUP, RDP, and ash are important nutrient components contributing to its feeding
value for ruminants. The content of NDF, and its digestibility, can have a major impact on
intake, digestibility, and feed efficiency through their contribution to the RuNDF content of the
diet. The amount of RUP and RDP will contribute to the metabolizable protein content of the
diet both directly and indirectly, through supporting ruminal microbial protein synthesis.
Knowing the proportions of RUP and RDP in the CP of alfalfa could help optimize the correct
dietary balance to maximize the metabolizable protein supply to the ruminant at the greatest
efficiency of CP use. Lastly, it is important to monitor ash, as levels above average amounts are
likely to be of soil origin and detrimental to the overall nutrient and energy content of the alfalfa
forage.

While NDF, NDFd, CP and ash are components of the RFQ quality index calculation (Moore
and Undersander, 2002), the calculated value is insensitive to changes in CP, which is a concern.
An improvement to RFQ (or a new quality index) could be the addition of coefficients for the
concentrations of RUP and RDP in alfalfa samples.

An important aspect of optimizing the above analytical nutritional constituents is to preserve
leaves in the alfalfa crop during growth, through to the point of feeding. Lastly, additional study
on the large fraction of pectin + WSC in alfalfa may identify benefits for ruminant feeding
beyond that as an energy source in the rumen.

REFERENCES

Goering, H. K., and P. J. Van Soest. 1970. Forage fiber analyses (Apparatus, reagents,
procedures, and some applications). Agriculture Handbook No. 379. Agricultural Research
Service, USDA, Washington, DC.

Grant, R. J., S. Y. Morrison, and L. E. Chase. 2022. Varying Proportions of Alfalfa and Corn
Silage for Lactating Dairy Cows. In: Proc. Cornell Nutr. Conf. for Feed Manufacturers, East
Syracuse, NY.

Hall, M. B. 2015. What do today’s forage analyses tell us? In: Proceedings of the Western
Dairy Management Conference, Reno, NV.

Hall, M. B. 2017. Nitrogen source and concentration affect utilization of glucose by mixed
ruminal microbes in vitro. J. Dairy Sci. 100:2739-2750.

Hatfield, R. D., and P. J. Weimer. 1995. Degradation characteristics of isolated and in situ cell
wall lucerne pectic polysaccharides by mixed ruminal microbes. J. Sci. Food Agric. 69:185-196.

Howarth, R. E., S. K. Sarkar, A. C. Fesser, and G. W. Schnarr. 1977. Some properties of soluble
proteins from alfalfa (Medicago sativa) herbage and their possible relation to ruminant bloat. J.
Agric. Food Chem., 25:175-179.

48



Jung, H. G.,J. G. Linn, J. F. S. Lamb, D. A. Samac, and D. A. Somers. 2001. Improving alfalfa
fiber digestibility. In: Proceedings of the Four State Dairy Nutrition and Management
Conference.

Mertens, D. R. 2015. Underlying fiber concepts and definitions. In: Proc. Cornell Nutr. Conf.
for Feed Manufacturers, East Syracuse, NY.

Moore, J. E., and D. J. Undersander. 2002. Relative Forage Quality: An alternative to relative
feed value and quality index. p. 16-31 In: Proc. Florida Ruminant Nutrition Symposium, January
10-11, University of Florida, Gainesville.

NASEM (National Academies of Sciences, Engineering, and Medicine). 2021. Nutrient
Requirements of Dairy Cattle. Eighth Revised Edition. National Academies Press, Washington,
DC.

Robinson, P. H. 2014. Are there unique features of alfalfa hay in a dairy ration? In:
Proceedings, California Alfalfa, Forage, and Grain Symposium, Long Beach, CA.

Ross, D. A., M. Gutierrez-Botero, and M. E. Van Amburgh. 2013. Development of an in vitro
intestinal digestibility assay for ruminant feeds. In: Proc. Cornell Nutr. Conf. for Feed
Manufacturers, East Syracuse, NY.

Weakley, David. 2015. Method of calculating a feed ration for a ruminant. United States Patent
8,949,035.

Weakley, D. C., and C. Rodgers. 2021. Let LEAF be your guide to alfalfa leaves. Hay and
Forage Grower, August/September, pg. 10-11.

49



LINKING FORAGE QUALITY WITH ECONOMIC VALUE

Bill Weiss!

ABSTRACT

Forage quality is often defined as the ability of a forage to support milk production when fed to
cows, but that definition is very difficult to quantify. Relative forage quality (RFQ) was
developed to quantify forage quality and should allow the price of forage to better reflect the
milk production potential of a forage. The price of alfalfa hay is correlated with RFQ and
depending on local markets a 10 unit increase in RFQ may increase the value (price) of alfalfa
hay by $12 to $16/ton. The RFQ equation includes concentration of NDF (negative relationship)
and in vitro NDF digestibility (IVNDFD) (positive relationship) and is essentially a proxy for
energy intake. Energy intake is usually what limits milk production, but other nutrients are
needed to produce milk and they also have economic value. Rather than using an index, a better
approach would be to use actual nutrients. The nutrients that have the greatest value in forages
are energy (expressed as NEL) metabolizable protein (MP) and NDF. Feed labs routinely
measure NDF and generate estimated NEL concentrations in samples and MP can be estimated
from measured crude protein (CP) concentrations. Methods are available to estimate the
economic value of nutrients ($/Mcal of NEL; $/1bs. of forage NDF; and $/1bs. of MP). To arrive
at a baseline value for hay, you need to calculate the amount of NEL, MP and NDF in 1 ton of
hay, multiple each by its economic value and then sum. RFQ (or RFV) gives CP no value; it is
not in the equations. The concentration of CP is moderately correlated with RFQ (2 = 0.35), but
an alfalfa sample with an RFQ of 200 could range in CP from about 18% up to 27%. In addition
to supplying nutrients, forage also affects feed intake. A lab measure that has a strong positive
relationship to intake and milk production is IVNDFD. On average a 1 unit increase in [VNDFD
increases intake and milk by 0.26 and 0.47 Ibs./day, respectively. The baseline value calculated
above needs to be adjusted based on the difference in IVNDFD between your sample and the
average [IVNDFD (this can be positive or negative). The adjustment depends on the price of milk
and the cost of feed. For example, if feed dry matter is $12/cwt and milk is $24/cwt a 1 unit
increase in [IVNDFD above average is worth about $7.4/ton of alfalfa hay dry matter which
would be added to the value based on nutrients. The calculations are more complicated than
simply using RFQ but the calculations straightforward and more accurately values alfalfa which
should benefit both the seller and buyer.

Key words: protein, energy, fiber, price, alfalfa

1 Bill Weiss (weiss.6@osu.edu), Department of Animal Sciences, The Ohio State University, Cincinnati OH 45202. In:
Proceedings 2022 World Alfalfa Congress, San Diego CA, November 14—-17. (See http://alfalfa.ucdavis.edu for this and other
alfalfa conference Proceedings.)
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INTRODUCTION

Although alfalfa is an excellent feed for dairy cows, diets do not have to include it. Therefore,
the inclusion rate for alfalfa in diets depends on its perceived value relative to other feedstuffs
and the nutrient needs of the cow. What is needed is a method to estimate the value of alfalfa and
other forages and feedstuffs to determine which ingredients should be included in diets. The
value of a feed should be related to its nutrient concentrations and its effect on yields of milk
components (milk fat and protein). Over the last several years, researchers at Ohio State have
attempted to integrate readily obtainable data into a system that can estimate the value of
different forages, including alfalfa. This should aid both the seller and buyer of forages.

IMPORTANT NUTRIENTS

Alfalfa is routinely sampled and analyzed for nutrient composition. Labs can analyze feed
samples for a wide array of nutrients and feed characteristics which all have use in some
applications. However, to estimate the economic value of a feed we only need estimates of its
concentrations of energy, protein, and fiber and energy, and in vitro fiber digestibility.

Energy. Cows require energy to live and produce milk. Net energy-lactation (NEL) is the most
common expression of feed energy used by most dairy ration software programs. Labs cannot
measure NEL but standardized equations based on measured components are available to
estimate NEL. If comparing different forages, the same NEL equation must be used for all
samples.

Protein. Labs measure crude protein (CP) but that assay is not the best measure of protein to
compare across feed stuffs. For example, 1 1bs. of CP from a typical forage will support less milk
protein synthesis than 1 Ibs. of CP from soybean meal. Metabolizable protein (MP) is a more
accurate estimate of the protein value of a feed. MP is based on ruminal degradability of the CP
and the digestibility of the undegraded protein. Based on expected protein degradability and
digestibility, factors have been developed to convert CP into MP (Table 1). For haycrop forages
(hays and silages), a conversion factor of 0.56 should be used.

Fiber. Neutral detergent fiber (NDF) is the best current method to estimate fiber in feeds and is
routinely measured by labs. Some of the NDF can be digested and provide NEL but the main
economic value of NDF comes from its effects on rumen and cow health. NDF contained in
larger particles stimulate chewing and rumination which are essential to maintain good rumen
health. Various methods have been proposed to estimate effective NDF but for many situations
simply separating NDF provided by forage from that provided by other feeds is adequate. Forage
NDF (fNDF) is assumed to promote chewing and represents ‘effective NDF’. All the NDF in
alfalfa is fNDF and adds to its economic value.

In vitro NDF digestibility. In vitro digestibility of NDF (IVNDFD) is not a nutrient but it is
needed to accurately estimate NEL and to estimate the milk production potential of forages.
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Diets containing forages with high IVNDFD can be consumed in greater amounts which results
in greater milk production. Most labs can measure IVNDFD at either 30 or 48 hours of
incubation. Either incubation time will work but when comparing different feeds, the same
incubation time must be used for all samples.

Table 1: Example of calculating metabolizable protein for common forages and soybean meal'.

% of CP
Ingredient CP,%DM  RDP dRUP MP?, %DM MP/CP
Alfalfa hay, immature 23 79 13.5 12.7 0.55
Alfalfa hay, mature 18 73 17.8 10.2 0.56
Alfalfa silage 22 79 14.6 12.4 0.56
Corn silage, 8.8 67 24.7 53 0.60
Grass hay, mature 13 58 25.2 7.3 0.56
Soybean meal, 89% DM 53 67 30.0 34.7 0.65

' Composition data from NASEM (2021)
2 Metabolizable protein = CP X (RDP X 0.53 + dRUP) = 100, %DM

THE ECONOMIC VALUE OF NUTRIENTS

Knowing the nutrient composition of a feed is not adequate to assign it an economic value, you
must know what each nutrient is worth. To estimate the value of 1 Mcal of NEL you could take
the price of corn per pound and divide it by its NEL concentration, but this ignores the value of
the other nutrients in corn and it assumes the price of all NEL is equal to that of corn. The price
of a pound of MP or a pound of fNDF could be calculated the same way but that has the same
problems. A procedure (SESAME) developed at Ohio State several years ago uses the price of
many feeds (usually about 30) including forages, grains, protein meals, and byproducts and their
composition to estimate the average price of NEL, MP, and fNDF. To obtain the most accurate
estimates of economic value, current local prices should be used. Prices can change substantially
over time and location. Nutrient prices generated for the Midwest (bimonthly) can be found in
the Buckeye Dairy Newsletter (dairy.osu.edu/newsletter/buckeye-dairy-news) and other places
(e.g., Progressive Dairyman publishes nutrient prices for different regions every other month).
For this article, I used West Region prices published in the September 12, 2022 edition of
Progressive Dairyman and the Midwest 5 year average prices from September 2022, Buckeye
Dairy News (Table 2). Those two sources calculate the value of effective NDF but as explained
above, I am assuming fNDF equals effective NDF.

Table 2. Dollar value of nutrients calculated using SESAME for Western and Midwestern US.
Data are from Progressive Dairyman (Sept 12, 2022) and Buckeye Dairy News (Sept, 2022).

Nutrient West region Midwest price 5 Yr Midwest Average
NEL, $/Mcal 0.132 0.115 0.08
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MP, §/Ib. 0.519 0.538 0.41
fNDF, $/Ib 0.312 0.125 0.09

VALUE OF NUTRIENTS FOR A FEED

After obtaining nutrient data from the lab and dollar value from published sources, calculate the
amount of each nutrient in a ton of the feed, multiply by dollar value of each nutrient and sum to
obtain total value of the feed. For example, a truckload of alfalfa hay has the following assayed
nutrient composition and amounts per ton were calculated based on those data (Table 3).

Table 3. Nutrient composition and amounts per ton for an example alfalfa hay.

Concentration Amount per ton of as-fed hay
Dry matter 88.0% 1760 Ibs.
CpP 23.0% of DM 405 1bs.
MP 12.9% of DM 227 lbs.
NEL 0.69 Mcal/lb of DM 1214 Mcal
fNDF 39% of DM 686 lbs.
IVNDFD 55% of NDF NA

The values of those nutrients and for the feed are then calculated (Table 4) using the data in
Table 2 and 3.

Table 4. Value based on West and Midwest US markets (fall, 2022) for an example alfalfa hay.

Amount per ton Value (West) Value (Midwest)

$/unit $/ton $/unit $/ton

MP 227 1bs. 0.519 117.8 0.538 122.1

NEL 1214 Mcal 0.132 160.2 0.115 139.6
fNDF 686 lbs. 0.312 214.0 0.125 85.8
Total 2000 Ibs. 492 347

This method works very well when comparing the value of different concentrates; for example,
distillers grains versus soyhulls. Those feed, if fed in reasonable diets do not affect feed intake.
Forages, however, can have a substantial effect on intake resulting in a substantial effect on milk

production.

ADJUSTING FOR “FORAGE QUALITY”

Currently, the single best assay to evaluate intake potential of a forage is IVNDFD. Based on
several studies, a 1 unit increase in IVNDFD (expressed as % of NDF) within a forage family
(e.g. legumes or grasses) increases intake by 0.26 Ibs/day and milk yield by 0.47 lbs/day (Oba
and Allen, 2005). Those values are appropriate for a change in IVNDFD, not an absolute value.
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For example, if cows were changed from a diet with a forage that had an IVNDFD of 50% to one
with an IVNDFD of 55%, we would expect milk to increase by 2.4 lbs./day (5 x 0.47). We
would expect the same increase when IVNDFD increased from 35 to 40%. Because we can only
evaluate change in IVNDFD, we need to compare the forage of interest to a standard (Table 5).
We chose to set the standard equal to mean values for alfalfa, grass, and corn silage from
NASEM (2021).

Table 5. Average (NASEM, 2022) NDF and IVNDFD concentrations for common forages.

Forage Mean NDF, % of DM IVNDEFD, 48 hour
Alfalfa 43 49
Corn silage 41 52
Cool season grasses 62 64

To calculate the quality adjustment, the difference between IVNDFD of the forage of interest
and standard values are calculated (use the same incubation time period for both the sample and
standard): IVNDFD(sample) — IVNDFD(standard). That value can be positive or negative. It is
then multiplied by 0.47 to estimate the change in milk yield when the forage is fed. Change in
milk yield then must be converted to a dollar value, which is a function of milk price and feed
price. Dry matter intake is expected to increase 0.55 lbs. for every 1 Ib. increase in milk yield
(conversely if milk yield drops by 1 1b. we expect dry matter intake to decrease 0.55 1bs.). The
value of the change in dry matter intake depends on the price of the diet. Lastly, to put these
numbers on a per ton of forage dry matter basis, we need to assume a certain intake of forage dry
matter. We chose 22 lbs. (55 Ibs. of dry matter intake that was 40% of the forage of interest).

Example calculation of quality adjustment.
The forage of interest is alfalfa hay that had a 48 hour IVNDFD of 55%.

Difference in IVNDFD from standard: 55 — 49 = 6 units

Expected increase in milk yield: 6 x 0.47 = 2.8 Ibs./day (assumed milk price $0.20/1b.)
Expected increase in DM intake: 6 x 0.26 = 1.6 Ibs. (assumed feed price $0.10/1b. DM)
Expected gain in income over feed cost: (2.8 x 0.20) — (1.6 x 0.10) = $0.40

Converting to 1 Ib. of forage DM: 0.19/22 = $0.018/Ibs. = $32/ton of DM or about
$27/ton of hay (85% DM).

M.

That value is added (or subtracted) from the nutrient value calculated as described above. In the
example above the alfalfa in Midwest had a nutrient value $347/ton (85% DM) and a quality
adjustment of $27/ton; therefore, the total value of the example alfalfa is $374/ton. Table 6 has
quality adjustments for various feed and milk prices. A user would use feed and milk price most
applicable, find the quality adjustment and add (or subtract) it from the nutrient value.
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The values calculated using this method is the maximum a dairy farmer should pay because
basically it represents break-even cost for the forage (in other words, the dairy producer is
getting what he paid for but the forage is not a bargain or overpriced)

Table 6. Quality adjustment ($/ton of forage DM) per 1 percentage unit change in [IVNDFD
from the standard. For example, if the forage had 3 percentage units lower IVNDFD than the
standard and milk price was $22/cwt and diet cost $0.10/1bs. of DM, the quality adjustment
would be -3 x 7.0 = $-21/ton.

Milk Price, $/cwt
Diet price, $/lbs. of
DM 16 18 20 22 24 26
0.06 5.4 6.3 7.1 8.0 8.6 9.7
0.08 5.0 5.8 6.7 7.5 8.4 9.2
0.10 4.5 53 6.2 7.0 7.9 8.8
0.12 4.0 4.9 5.7 6.6 7.4 8.3

Limitations to the method

1. We assume the effect of a change in IVNDFD is the same regardless of forage inclusion
rate, which is most likely not true. At low inclusion rates we are probably overestimating
the value of quality and at high rates we are likely underestimating the value. We chose
an inclusion rate of 40%

2. We assumed the same effect of a change in IVNDFD for all forages. This may or may not
be true. The majority of the data in the paper by Oba and Allen (2005) is from corn
silage-based diets; however several studies also included alfalfa. Grass was poorly
represented in the data set.

3. The same effect of a change in IVNDFD is assumed for all milk yields. High producing
cows probably are more sensitive to a change in IVNDFD than lower producing cows.

CONCLUSIONS

Comparing the value of different forages should be based on more than RFQ or RFV. Both those
indices ignore the value of protein and only gives negative value to NDF even though forage
NDF is a requirement nutrient for dairy cows. The method outlined above gives values to all
major nutrients provided by forages and includes a separate adjustment for the effect forage
quality has on intake. The calculations can easily be inserted into a spreadsheet and the method
does not require analyses that are not typically conducted for forages.
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MODELLING GROWTH & QUALITY OF ALFALFA FOR LIVESTOCK
Derrick Moot, Annamaria Mills, Xiumei Yang, Edmar Teixeira, Hamish Brown'

ABSTRACT
Modelling alfalfa (lucerne) growth and development requires understanding of how the crop
interacts with its environment. Over 20 years of field based research was used to calibrate the
APSIM NextGen_Lucerne crop model. Phenological development was independent of
grazing regime and fall dormancy (FD2, 5, 10) rating. The thermal time to flower buds
visible for regrowth crops decreased linearly from 645 °Cd at a 10 h photoperiod (Pp) to 280
°Cd above a 14 h photoperiod. Buds visible to open flowers took a further 310 °Cd. The
vegetative phyllochron was ~31°Cd in spring, but increased to 49 °Cd in fall. Post-buds
visible the phyllochron increased to 69 °Cd. Plant height (heightchron; thermal time
requirement for an increase of one mm stem height) pre-flowering showed an exponential
decay as Pp increased from 4.2 °Cd/mm at 10 h to 0.6 °Cd/mm at 16.5 h for the FD5
genotype but this differed among FD classes. The critical Pp for stem extension, i.e. the day-
length below which no stem elongation occurred was 11.1 h. Leaf area expansion rate
(LAER) for FD5 decreased during a decreasing Pp from 0.018 mm?/mm?/°Cd at 16.5 h to
0.008 m*/m?/°Cd at 10 h. Different functions were required for FD2 and FD5 genotypes but a
common extinction coefficient showed critical LAI was 3.65. Biomass accumulation was
based on a temperature-dependent radiation use efficiency with partitioning and
remobilisation to leaves, stems and roots changing with photoperiod and within regrowth
cycles. This required functions to account for the seasonal pattern of root biomass
partitioning and remobilization. The decrease in root biomass as photoperiod increased (mid-
winter to mid-summer) was assumed as remobilization to shoots and carbon loss from
maintenance respiration. As photoperiod decreased (mid-summer to mid-winter) root biomass
increased as more carbon was partitioned below ground to replenish reserves.

Key Words: Fall dormancy, lucerne, Medicago sativa L.

INTRODUCTION
The east coast of New Zealand is typically summer dry with potential evapotranspiration
exceeding rainfall for 3-5 months of the year (Salinger 2003). Alfalfa (lucerne; Medicago
sativa L.) has always been grown in these regions, but it was predominantly conserved as hay
with some direct grazing by weaned lambs. This meant it was relegated to <5% of the land
area on a farm. It was seen as difficult to manage for direct grazed livestock because of its
delayed spring growth. This didn’t match lambing and calving times, when feed demand
increases dramatically in these pasture-based farm systems. The management of alfalfa was
based around the perceived need for the plant to reach 10% flowering before defoliation
(Smith 1972; Sheaffer et al. 1988). From the late 1990s, a series of experiments were
undertaken to challenge this guideline and examine whether a more flexible grazing regime
could be developed. The subsequent 25 years of field experimentation has recently been used
to calibrate the Agricultural Production Systems Simulator Next Generation (APSIM
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NextGen) for alfalfa. This paper outlines the field experimental results for regrowth
(established) crops, their incorporation into the model and the consequences for on-farm
management of grazed alfalfa. This paper focusses on results from the ‘Kaituna’ cultivar,
which has a fall dormancy (FD) rating 5, which is the most commonly sown rating in
temperate New Zealand. The final experiment of the series examined how an FD2 and FD10
genotype compared with FD5. Much of the experimental results and modelling work has
been published, so this paper provides an overview of the main experimental results and
modelling approaches applied for these crops grown without water stress.

EXPERIMENTS
There were four main experiments used to develop relationships. All experiments were
conducted at Lincoln University, Canterbury, New Zealand. Experiment 1 (E1) was
conducted from 1997-2001 and compared the growth rates of alfalfa (FDS5), chicory
(Cichorium intybus L.) and red clover (Trifolium pratense L.) under irrigated (I) and rainfed
(D) conditions (Brown 2004). Experiment 2 (E2) initially established irrigated and dryland
alfalfa (FD5) sown at four dates (S1-S4) for two years. Experiment 3 (E3) was then imposed
from 2000-2002, when four grazing regimes were introduced with the expectation that they
would change the above and below ground biomass (Teixeira et al. 2007a; Teixeira et al.
2007b). The regimes included a 42+2 day (~300-600 °Cd) defoliation regime labelled
Long|Long (LL) or a consistent 28+4 day (~200-400 °Cd) Short|Short (SS) rotation
throughout the year. The remaining two treatments (SL and LS) followed the consistent
regimes until mid-January (summer) when they were switched. Experiment 4 (E4) included
the SS and LL regimes plus an extended 84+4 day regime (HH; ~530-1100 °Cd) and FD2,
FD5 and FD10 genotypes (Ta 2018; Ta et al. 2020; Yang 2020; Hoppen et al. 2022).

All experiments had a common dataset collected, which included leaf appearance and
flowering from marked plants. Fractional radiation interception was measured using a canopy
analyser LAI-2000 or a Sunscan plant canopy analyser, both calibrated through regression
analysis against destructive LAl measurements (Yang et al. 2022a). Biomass harvests of
shoots were taken from 0.2 m? quadrats at regular (~two weekly) intervals throughout the
growing season. At the end of the rotation roots were excavated from Experiments 3 and 4.
Roots included crowns and taproots excavated down to 30 cm depth and represent the
perennial biomass (referred to as root) compared with the shoot biomass (leaves, stems and
flowers). These results enabled seasonal and within rotation biomass partitioning (to
perennial organs) and remobilization (from perennial organs) to be separated. Post-harvest,
crops were usually grazed in common with ewes and lambs or excess herbage was removed
mechanically.

MODEL
The APSIM NextGen model uses the Plant Modelling Framework (PMF) (Brown et al. 2014)
to capture crop responses to intercepted light, water and nutrient uptake on a daily basis. It
also allows cultivar specific parameters to be considered to represent different genotypes
(Brown et al. 2019). The model requires daily weather inputs that include, maximum and
minimum air temperatures, total solar radiation, windspeed, and vapour pressure deficit.
These were either measured onsite or were readily available from the Broadfields
meteorological station, which is located 2 km north of the sites. The soil type for all
experiments is an Udic Ustochrept described as fine silty, mixed, mesic (USDA taxonomy).
Model outputs on a daily basis included alfalfa phenological stage, leaf area index (LAI),
leaf, stem and root biomass. The simulation of phenological development requires a thermal
time (Tt) function to drive progress through sequential pheno-phases and also develop canopy

57



leaf area. A series of Tt functions were tested. A broken stick approach whereby the base
temperature is 1 °C (Moot et al. 2001), provided the highest degree of accuracy compared
with the more commonly used 5 °C derived from a continental climate (Fick et al. 1988),.

FIELD RESULTS AND IMPLICATIONS FOR MODEL DEVELOPMENT
Phenology
Experiment 1 quantified the linear change of “Tt requirement to flowering” of alfalfa to Pp,
which is a characteristic of long day plants (Moot et al. 2003). In subsequent experiments, a
function for “time to bud visible stage” was generated for modelling applications (Yang et al.
2021). This took the form of a broken stick function whereby Tt=1559-91.5*Pp when Pp <14
h and a constant Tt=278 °Cd at Pp >14 h (R? = 0.67). In practice, this gave a Tt requirement
for 50% bud visible of 644 °Cd at a 10 h Pp and 278 °Cd at Pp greater than 14 h. The
subsequent Tt requirement from “bud visible to open flowers” was constant at 310 °Cd. Node
appearance (i.e. the inverse of the phyllochron) was also affected by Tt, but modified by Pp
and plant phenophase. Vegetative nodes appeared consistently every ~31 °Cd under an
increasing Pp, but increased from 35 to 49 °Cd as Pp declined from 16.5 to 10 h. For the very
long periods of regrowth in HH crops, there were several regrowth rotations that had
extended periods of flowering. This allowed a phyllochron value appropriate for the
reproductive stage of ~61 °Cd to be estimated, which is approximately double the vegetative
value. Stem extension has an impact on forage quality, with lignified stems of lower quality
(Brown & Moot 2004). There were also field data that showed that node accumulation
occurred before stem extension (Moot et al. 2003), so a function was developed to estimate
crop height in response to thermal time (heightchron). For FD5 an exponential decay function
was fitted (Yang et al. 2021) with a critical Pp of 11.1 h below which stem extension was
minimal. This parameter was adjusted to account for the post-flowering phase in HH (84 day)

crops and also differences in the FD2 and FD10 genotypes, based on results from Experiment
4.

Canopy development

This summary of results draws on the published data from Yang et al. (2022a). Leaf area
expansion rate (LAER; mm/mm/°Cd) was used as a simple parameter to drive canopy
expansion in response to temperature. This was calculated as the slope of the linear
regression between LAI and Tt. The LAER changed with Pp consistently across different
experiments. The LAER increased from 0.018 at 12 Pp to 0.022 at a 16.5 h Pp. In contrast, it
declined linearly with Pp to a minimum of 0.008 at 10 h in fall. Complicating these LAER
seasonal patterns, is the time taken to re-establish the canopy after each defoliation event.
There are two scenarios in play; if basal buds are present (LAI>0) post-harvest then recovery
from defoliation is rapid, but if they are absent then canopy removal stimulates basal-bud
initiation and it takes longer to re-establish the canopy. For all crops, the x-axis intercept
values from the linear regressions of LAI against Tt ranged from ~-50 to 200 °Cd. This
suggests that some regrowth cycles required up to 200 °Cd to reach the calculated LAER,
described as a lag phase of canopy expansion; whereas other regrowth cycles with longer
periods between defoliation had basal buds present before defoliation occurred (x-axis
intercept values < 0 “Cd). This prompted faster canopy expansion post-defoliation. The x-axis
represents the point at which LAER starts and so, if a single value was used, it can
significantly under- or overestimate LAI over time. This leads to inaccuracies for estimating
light interception and dry matter production. Therefore, a lag phase reduction factor (LRF)
was required to account for the slower canopy expansion in the beginning of each regrowth
cycle. This means that it took up to 200 °Cd for crops from the early regrowth stage to reach
the maximum value of LAER for any given regrowth cycle. To do this, Tt since defoliation
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date increased from 0 to 200 °Cd, as the LRF increased from 0 to 1. In contrast, for the very
long regrowth crops (HH treatment) that were left well into flowering before defoliation,
basal buds were frequently present at harvest and were not removed during the harvest
process. A basal bud function was developed to account for the initial leaf area post-
defoliation (default = 0). An optimisation process, based on field observations of LAI
development, was used to estimate a basal buds factor (BBF; % of LAER) with a value of 0.2
(20% of potential LAER) estimated. For the prolonged 84-day regrowth periods, canopy
senescence was most apparent. Observed shoot biomass data (Figure 1) were used to fit and
test a senescence function in APSIM NextGen, which improved model prediction of LAI and
biomass for the HH treatment (Yang et al. 2022a).

Biomass accumulation, remobilisation and partitioning

For crops in Experiment 1, the growth rate of alfalfa increased linearly with temperature, but
the rate was 20-30 kg DM/ha/d higher in an increasing than decreasing Pp (Moot et al. 2003).
This prompted shoot and perennial organ (root+crown) biomass to be measured in
Experiments 3 and 4 (Figure 2). Results showed a systematic seasonal pattern of root biomass
decline in winter/spring, followed by an increase in mid-summer/autumn. This signal
overrode changes within regrowth rotations and was apparent under different defoliation
regimes (Moot et al. 2021). Thus, modelling shoot biomass required an accurate
representation of these changes in perennial biomass, which are less relevant when modelling
annual crops. Carbon assimilation in the APSIM NextGen model uses Radiation Use
Efficiency (RUE) as a summary parameter, rather than photosynthesis and respiration. This
simplification is appropriate for annual crops as the focus is on above ground biomass growth
because root biomass curvilinearly increases across the vegetative stages. For alfalfa, to
account for root biomass as a significant carbon sink, we used the concept of total radiation
use efficiency (RUEotl). This includes biomass dynamics both above and below ground.
Based on field data, RUEa1 increased from negligible values at 8 °C to a maximum value of
1.6 g DM/MJ/m? at 18 °C, regardless of the fall dormancy rating of genotypes (Yang et al.
2022b). The study also includes a detailed investigation of the allocation of biomass among
alfalfa organs. For example, leaf biomass demand was calculated from a simple linear
function of LAI while stem dry matter was allocated to the organ based on an allometric
power function in relation to shoot biomass.

The root biomass dynamic across seasons was characterised by a minimum in mid-summer
and a maximum in late-fall, before it declined slowly over winter. The amount of root
biomass lost in winter was used to estimate the rate of root turnover (i.e. respiration,
translocation and senescence), which enabled a structural root component to be estimated as
2500+500 kg DM/ha. This was common to all genotypes bas