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ABSTRACT

A range of dternative annua forage crops that could be grown in Cdifornia are reviewed. We
have grouped these into three genera categories, fdl-seeded annual cereds and grasses, fdl
seeded annud legumes, and summer annuds (excluding corn, which is covered dsawherein this
proceedings). Thisreview isnot comprehensive, but provides an overview of some of the annud
species that can be grown in Cdifornia, with the aim to encourage further experimentation by
growers and researchers. These dternative annud forages include winter ceredl forages such as
whest, oats, and triticde, winter grasses such as ryegrass, winter-grown legumes such as pess,
vetch, faba beans and berseem clover, and summer annuas such as sudangrass, millets, soybeans
and cowpeas. Annud forages including corn silage currently occupy grester than 800,000 acres
in Cdifornia  These types of annuas may increase in importance in the future due to their high
yields, ability to help recycle various waste products (manures, effluent), and high degree of
flexibility in rotations, and the potentid to adjust rapidly to water supply and market fluctuations.
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REASONSTO CONSIDER ALTERNATIVE ANNUAL FORAGES

Why should one be interested in aternative annud forage crops? While few would question the
importance and vaue of dfdfa, our principle forage crop, there are several reasons why annuals
have found a place among California forages. These annuds, consdered in aggregate incduding
corn silage, occupy nearly 800,000 acres, or 4/5 of the current dfdfa acreage.

Annual forages are generdly conddered under severd circumgances. Oneistofill in when
overal supplies becometight. Producers can generally respond more quickly by planting annud
forages tofill their immediate needs. A second caseis incorporating annua foragesin rotation

as apart of regular forage production program for dairy or beef production. This can offer
condderable flexihility and versdtility to respond to price and demand changes. Winter annud
forages paired with summer annua forages (e.g. corn silage and sudangrass hay) may be the type
of combination that maximizes the forage output per acre and possibly aso the best net return

per acre. Annua forages may aso be part of aregular dfdfaforage program by rotating out of
dfdfa with annud foragesfor a period of time (1-2 years) before reseeding.

It isdso possble that combinations of annud forages may be superior in Water-Use-Efficency
(production of dry matter per unit of water) to perennia forages when water supplies are tight
[One should be careful with these comparisons due to differences in quality—these differences
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are sgnificant between grasses and perennid legumes such asdfdfa. However, regardless of
water use efficiency, with aggnificant lack of predictability in water suppliesin some aress,
annud forages provide high degree of flexibility compared with perennids.

Inthisarticle, we provide an overview of severa annua dternative forages of which we are
familiar. We have not indluded corn silage, which is covered dsewherein this publication.  The
purpose hereis not to provide a comprehensive listing or report—many of these forages require
further research and adaptation studies. We lack in-depth yield and qudity information for
many of these species. Our purpose is mostly to provide a starting point for consideration of
annud dternative forages, to encourage further experimentation on the part of growers and
researchers. We have decided to group these into three genera groups, fal-seeded annua
cereds and grasses, fall-seeded annua legumes, and summer annuals.

FALL-SEEDED ANNUAL CEREAL FORAGES
(Wheat, Triticale, Rye, Oats, Barley)

In acreage, smdl grain forages are the most important harvested forage dternative in Cdifornia
The sum tota acreageis greater than 400,000 acres per year, with the mgority being oat hay
(compared with 1 million acres of dfafaand about >300,000 acres of corn silage). Whest,
triticae, rye, oats, and barley - are widdy adapted, highly versatile forages used for pasture,
green chop, silage, or hay. Although overshadowed in the past by dfafaand corn slage, cered
forages are amgor crop in many parts of the U.S. and world, and are becoming increasingly
important because of their sgnificant economic and environmenta benefits (see Table 1).
Depending on which ceredl variety is chosen and how it is managed, ceredl forages can meet a
full range of forage needs for dairy and beef production. The best choice for agiven Situation
depends on the nutritiona needs of the animas to be fed, and the conditions in which the crop
will be produced.

Digestibility of the Fiber and Protein. The key factor in matching cered forage to nutritiona
needs of dairy or beef animds s the content and digetibility of the fiber in the forage. Although
some equate higher fiber content with lower qudlity, it is actudly the digestibility of the fiber

that is the true determinant of forage vaue. The most important factor in determining the
content and digedtibility of fiber in cered foragesisthe Sate of plant development. The
vegetative plant prior to head emergenceis highly digestible. Itsindigestible fiber and extent of
lignin bonding are both low. Asthe plant progresses through heading and flowering, lignin and
lignification increase and digedtibility drops rapidly. Later, asthe grain fills, overdl digestibility
levels off and may even rebound as the accumulation of highly digestible nutrientsin the grain
counters lignification and the loss of digestible compoundsin the stem and leaves.

Protein. Inaddition to changesin fiber and digetibility, protein content also changes asthe
cered forage plant progresses through its life cycle. Crude protein concentration is highest while
the plant is vegetative prior to slem elongation and head emergence, and drops rapidly as the
plant progresses through heading and flowering. Asthe grain fills, protein levels off or drops
more dowly asit accumulates in the grain but declinesin the leaves. Protein levesare highly
responsive to uptake of nitrogen, so N fertilizers are important.



Table 1. Featuresand benefits of Cereal Forages

Features Benefits

Annua Growth Quick source of forage. Quick payback on production cost. Hexiblein

Habit crop rotations. Allows quick response to changing economic and
production conditions.

Cool Season Crop Efficient use of soil moisture. Less vulnerable to drought. Double crop
options with warm-season crops. Complement warm-season cropsin
workload, production inputs, and feed supply. Reduce soil eroson. Aid
management of nitrogen and manure during cool season.  Utilizes nitrogen
and prevent runoff and percolation into ground weter.

Product Options Versatile source of products for avariety of needs. Vegetative or boot
gtage for high qudity forage. Post-boot stage for high yields of
intermediate quaity forage. Grazing, grain and straw gpplications.

Compstitivewith Minimize cogts, regulatory requirements, and undesirable effects of
Weeds herbicides. Helps control weedsin the rotation. Helps establish new

gands of dfafaand enhance declining stands when interseeded.
Rdaively Few Minimize costs, regulatory requirements, and undesirable effects of
Economic Pests pesticides. Low risk of lossto pestsif crop variety is chosen prudently.
Widely Adapted Widerange of species and varieties dlow production under dmost dl

conditions. Tolerates heavy applications of manure and manure weter.
Low Input Low input cogt and financid risk. Equipment required is modest, and
Requirements commonly aready owned for other enterprises.

Rotationd Benefits Help control peststhat affect other crops in the rotation, reducing
production costs and increasing yields.

Matching Nutritional Needs. Managers can take advantage of the changesin cereal forage
digestibility and protein by matching forages to the varying nutritiona needs of dairy and beef
animals. Successful matching involves making the right choice of variety and properly timing
planting and harvest. Among cered grains, the wide array of species, varieties, maturity, plant
types and nutritiond attributes offers many options economically matching the feed to the need
(Table 2). Optimizing the production and use of cered forages involves the interaction of
variety, planting date, harvest date and type of forage desired.

Choice of Species/Variety - Choice of variety determinesto alarge degree the quaity and
quantity of forage produced. Varieties differ gregily in maturity, which affectstiming of harvest,
which in turn affects yield, protein and digestibility. The first step in choosing acered grain
variety for forage production is knowing how it will be used.

Table 2. Generalized Comparison of Cereal Forage Species
Fast Early High Grain Toleranceto Tolerance to Toleranceto
Growth Yidd Disease Sodic Soils Drought
Triticdle
Rye
Oats

Barley




Choosing a Harvest Window. The next step isto choose a species or variety that isin the
desired gate of development during the optimal harvest window. If high digedtibility and protein
are the most important, for example, then it is best to choose a variety that does not reach boot
dage until the risk of weather problemsis reduced (a late variety or species). For high yields of
gran-rich forage, the best choice is an earlier maturing variety that isin dough stage during the
desired harvest time. In addition to maturity, varieties differ in other important characteristics
that affect forage quaity and harvest sage. These include tillering, lesf-to-sem ratio, grain-to-
gdem ratio, and nutrient content, all of which help determine which variety is the best choice.

Maturity at Harvest—a Critical Factor. All cered grains decreasein digedtibility asthey
meature from boot to milk stage, but cered grain varieties that produce high grain yields partidly
rebound in digestibility going from the milk to the soft dough Stage as a result of the grain filling.
Oats, rye, and varieties of other smal grainsthat do not produce high grain yields generaly
continue to decrease in digestibility as the plant reaches the dough stage because the higher
digedtibility of the grain is overshadowed by the increasing lignin and decreasing digetibility of
the other parts of the plant. Varieties that do not produce high grain yields are a poor choice for
dough-stage harvest.

Choice of variety aso should reflect agronomic characteristics such as tolerances to drought,
disease, sdt, and applications of manure water. The variety must be matched well with crop
production plans and conditions as wel as with the nutritiona needs of the livestock to which it
will be fed.

The importance of variety is reflected in the wide diversity among triticale varieties. Triticdeisa
gpecies of cered grain created by crossing whest with rye. The resulting combingtion is then
selected for ether grain or forage production. Some triticale varieties are ided for boot-stage
harvest because of their heavy growth of tillers and leaves, and maturity late enough to Hill bein
the boot stage when weeather iswarmer, drier, and more favorable for harvest. Other varieties of
triticale are ided for soft-dough harvest because of their heavy grain yield and earlier maturity.
Some of those have a high enough grain-to-stem retio to be suitable for feeding high- producing
dairy cows, others produce extremely high forage yields but are best matched with dry cows and
heifers. The latest varieties of triticale are cgpable of Sgnificantly higher grain yieds than the

best locally adapted whest.

Seeding Date. Thereisabest timeto plant cered grains. For most Stuationsin the Central
Vdley of Cdifornia, for example, the best time to plant is from the middle of November to the
end of December. Planting earlier than thisincreases the risk of foliar disease, lodging and freeze
damage from spring frosts. Early-maturing varieties that are planted too early may be ready for
harvest when wesether conditions are till cool and wet, and there is a high risk of weather
damage to the windrowed forage.

Timeof Harvest. Optimal harvest timing depends on the wegther, crop sequence, variety and
the desired type of forage product. The genera "harvest window" during which cered forages
are best harvested is determined by climate and, in some cases, crop rotation. The best time for
harvesting a specific crop within that general window depends on whether harvest at boot or
dough is desired. It also depends on the characterigtics of the variety, especidly whether it is
early, mid or late maturing. Once the decisions about harvest stage and variety are made, the



ided harvest timein terms of forage quality can be determined. Of course weether conditions,
intentions to double-crop and harvest logistics may lead to departures from that idedl.

ANNUAL RYEGRASS

Ryegrassis one of the most widdly grown cool- season grasses in the world, and one of the most
padatable. Ryegrassisan important dternative winter-annua crop in the Central Vdley of
Cdifornia, particularly for dairy producers. Annud ryegrass can also be grown as a cool-season
species in many regionsin Cdifornia as a hay or grazing crop. Annud ryegrass (Lolium
multiflorum Lam. Or L. perenne L. ssp. Multiflorum), also caled ‘Itdian’ ryegrass, is aforage
species, and different than cered rye (Secale cereale), which isagrain crop or cover crop.

Thereisawide range of diversity in this group of bunch grasses, including both annua and
perennid (Lolium perenne L.) types, which can be interbred. Ryegrassisindigenous to Europe,
Asa, and North Africa. Annua ryegrass varieties establish rapidly, and produce substartia
yiddsin 2 to 5 cuttings, most commonly, 2-3 in Cdifornia  Ryegrass grows best on fertile,
well-drained soils but can be grown on soils where it istoo wet at certain times of the yesr,
gtuations unsuitable for dfdfa. Dairies particularly vaue ryegrass due to its high pdatability

and its ability to accept large quantities of lagoon water or solid manures. Ryegrasses are heavy
users of water and will perform less than optimum during a drought or periods of extended low
or high temperatures, thus are well suited to the moderately cool wet winters of Cdifornia's
Centrd Vdley or coadd valeys. The ryegrasses are consdered to be high quality forage and
their high digestibility makes them suiteble for dl types of ruminants.

Varieties. Thereare arange of varieties or types of ryegrass within the * Annud Ryegrass
umbrdla, ranging from the ‘Westerwold’ types (L.multiflorum var. westerwoldicum), to
‘intermediate’ types which are crosses between annua and perennial Lolium species.
‘Westerwold' types are high yielding annuals commonly used in Cdifornia, but have less heat
tolerance than other types of annud ryegrass. Therearearange of ‘Itdian’ type annua
ryegrasses, some of which may be higher in qudity. There are arange of maturity and growth
types, and varieties differ in quality. These should be regarded as a group of ecotypes of annua
ryegrass. Severd studies are underway in Stockton and Modesto to understand the differences
in yielding patterns (few cuts to many, high or low yidding & first cut, maturity influences), and
qudlity characterigtics of these ryegrass varieties.  Some may behave as biennids or short-lived
perennias.

Tetraploid or Diploid. There are two basic groups within the Italian and perennid ryegrass
species. diploids and tetrgploids. This is based on the number of chromosomes within each plant
cell. Tetrgploid ryegrasses have double the number of chromosomes (four) compared with
diploid types (which have paired chromosomes). Tetraploid ryegrasses tend to have larger
leaves, fewer but larger tillers, and may produce a more open growth pattern. Tetrgploids may
be more suited for production in alegume mixture than the diploid perennia ryegrasses.
Tetrgploids have been shown to have a higher percentage of sugarsin the forage than diploids,
which explains ther higher digedtibility and grazing preference over diploids in research studies.
Both the seed and seedlings of tetrgploid varieties are larger, but the growth following
emergence and perdgstence is often greater for diploid varieties.

Methods and Uses. Ryegrassisreatively easy to establish and can be seeded from September
through January in Cdifornia s Centra Valey. Ryegrass can be no-till seeded into some types



of stubble, if the seed can be covered. Normaly ryegrass germinates in amatter of 7-10 days, or
even lessunder ided conditions. Seeding rates vary from 15 Ibs/acre to 35 Ibs/acre depending
upon precison of seeder and whether it is sown in combination or done. It isacool-season
grass, so should be seeded at atime to take advantage of the cool growth periods, primarily in the
fdl and very early soring. Ryegrass growth and vigor is reduced during summer months, and it
eventudly dies Two to three cuts are most common before the stand dissipates in summer.

There are nearly 3 million acres of annud ryegrass grown in the US, mostly used for winter
pasture in the Southeast. Ryegrasses may be sown aone or in combination with legumes or
amdl grains. Combinations of ryegrass and pess, berseem clover, vetch or smdl grains have
proved interesting combinations for a palatable winter freshcut feed or silage crop, dthough
some of these crops will not survive multiple harvests, while ryegrass will, as will berseem
Ryegrass can be dominant in mixture, so seeding rates should be low inamixtue. Hay
production in the early part of the year in many parts of Cdiforniais difficult due to significant,
high-moidure yidds and difficulty of curing. Thus, ryegrassis often used for slage, greenchop,
or grazing. As an optimum compromise between quality and yield, many experts recommend
harvesting annud ryegrassin the boot to early-heading stage.

Linkage with N-Uptake, waste recycling. Ryegrassisanimportant crop, dong with small
grains, corn, dfdfa, and other forages, to help with recycling of different types of wastes. Asa
high-yidding palatable grass with high winter growth rates, annua ryegrassis able to absorb
large amounts of nitrogen from manure, effluent, or biosolids gpplications. Research from
Oregon has shown that 400 Ibs of N is contained in the harvested ryegrass forage. Rates and
timing of manures and fertilizers must be gppropriate to the growth conditions and climatic
conditions of the region. Nitrate accumulation may be an issue under some excessvely high N
gpplications, asisthe case with many grass forages, including small grains and corn. Ryegrass
differsin nutritiond characteristics from smdl grain forage or corn—it is considered one of the
mogt paatable when harvested in a vegetative stage or grazed. Often, mixtures of ryegrasswith
smal grains or legumes may be appropriate, depending upon the importance of forage qudity
compared with the importance of yield or N uptake.

FALL SEEDED ANNUAL LEGUMES
(peas, vetch, fava beans, berseem clover)

There are anumber of fal-seeded annud grain legumes, such as pesas, vetch, favaor bel beans,
and finer-stemmed forages such as berseem clover, medics, arrowleaf clover, and Persian clover
which can be used in Cdiforniafor forage production. These are generdly lower-yidding than
cered forages, but have the advantages of higher fiber digegtibility, paatability, and higher

protein content—for many usesthey are typicdly higher in feeding vaue than cered forages
(though this also depends gresily upon cutting schedule and other factors). Legume forages, asa
rule, are more rapidly degraded in the rumen, which improves intake and feeding vaue.

Peas and Vetch are most often used in a blend with annual forage cered grains while the bell
beans and the berseem clover are planted as a Sraight crop when used for forage. Annud
legumes are often added to a forage program for the protein they can produce and qudity
characteristics.



Planting and Harvest dates. Annua legumes can be planted in the Centrd Valey of Cdifornia
in October, November and December. Harvest will depend on the product desired; whether you
are looking for higher qudity & earlier maturity harvest, or higher tonnage with intermediate
qudlity at later maturities. Consult with your Cooperative Extenson Farm Advisor and seed
suppliersfor optimum timing in your particular area.

Peas, vetch and fava beans are best planted 1 to 2 inches deegp. Planting with agrain drill works
best, but producers can broadcast then disc to cover the seed if careistaken not to incorporate
seed too deeply. Best results are to seed into moist ground or plant and sprinkle up the crop.
Berseem clover should be planted at a depth of 1/8 to 1/4 inch deep. Legumes perform best
when planted on well drained soils.

Soil Fertility. Legumes such as peas, vetch, and clover can fix their own nitrogen when the
seed has been properly inoculated with bacteria, so nitrogen fertilization is not needed (unlike
grasses, which benefit from N fertilizers). Each species may require a specific inoculum which
should be gpplied with the seed a planting, especidly if that crop has not been grown on that
field previoudy. It must be noted that when commercia nitrogen fertilizer is added to legumes,
whether straight seeded or in a blend, the bacteria that actudly fix the nitrogen can become lazy
and nitrogen fixing dedlines. After evauating results from a soil test, producers can determine
the need to add other nutrients (e.g. P, K, and S) asindicated. When legumes are planted with
cered grains, the nitrogen need should be determined by the need of the grain lesswhat is
dready in the soil and less an estimate of what the legume can contribute to the grain. Forage
production and qudity will both be affected by variety sdlected, soil and season conditions for
your area, and having the proper fertility.

PEAS

Peas (Pisum sativum) are an excellent source of forage that can produce high protein with high
digetibility. They are planted in thefdl in the Centrd Vdley of Cdiforniaand oftenin blends
with oats, triticde, barley, wheet or rye. When being used in ablend it isimportant to identify a
peavariety and agrain that match up well in desired maturity for the product you are looking for.
When blending, the producer generdly identifies the harvest stage desired of the amdl grain

firgt, and then selects a pea variety that reaches its desired maturity when the grain is a harvest
dage. If the peaiistoo immature at harvest, it will not have reached its production potentid, if
the peaiistoo mature it will have declined in quality and digedtibility. Since peas are most often
added to enhance qudlity, this*maturity matching” will be quite important.

If aproducer wants boot stage annua grain, the pea can be anywhere from pre-bloom to full
bloom to flat pod stage to compliment and enhance the qudity. Tonnage wise, pess hit
maximum foliage production at full bloom but do add further weight during early pod
development accompanied by asmdl declinein qudity.

Stage of Growth. If aproducer wants soft dough stage annua grain slage, the optimum pea
stage would be with pods filled with pess but with the plant till fresh and green. This stage Hlill
offers good pea quality with maximum peatonnage. If aproducer is planning baed hay, thereis
an added caution to watch. When pea pods fill with the pea seed, the pod wall thickens up and
will dry more dowly than the ceredl grain and the rest of the peaplant. If baed too early the
pods may start small mold spots right at the pods. This can be avoided by harvesting before the



pea seeds start much development in the pod or by watching the pod drynessto decide thetime
to bae.

One further factor to consider when choosing the pea is the digestibility of the variety. In
generd, white flowered peas have higher digestibility than colored flower peas. Depending on
the purpose of the feed this may or may not be important. Producers should also be aware that
the pea variety that produces the most tonnage when seeded by itsdlf is not always the best
producer in ablend. There can be sgnificant differences between varieties for adaptability to
forage use.

Blends. When a seed supplier sets up a pre-made blend they are using their knowledge to bring
together compatible varieties. Then producers must ask whether that blend is designed for high
quality boot stage harvest or for the high tonnage but intermediate quaity of soft dough harvest.
The peaand grain varieties for each of these purposes may likey be different.

Peas have most often been found in forage blends so that the grain can help hold up the peaasit
grows. Today there are pea varieties that will stay standing even to later harvest stages. These
varieties are semi-leafless types where the leaves on each branch have been converted to tendrils.
These tendrils tie together and hold each other up. Forage quality and tonnage ability of these
types can gtill be very good thus improving straight pees as an option.

VETCH

When used for forage, common vetch (Vicia sativa) is mogt often used in ablend with cered
grains, Smilar to pees. Vetch is dower to establish than peas but has high production
capabilities. The same processis needed to find a cered variety that is compatible with the
vetch. Sinceit is dower to establish than peas the optimum cered variety to plant with veich
may be different than one planted with pess.

Aswith pess, vetch isacool season legume that fixes nitrogen for itself. This nitrogen can dso
be available to the companion cered grain it is planted with. The nitrogen fixing of most

legumes is greatest the last few weeks leading up to full bloom. Therefore if the forageisto be
harvested a boot stage of the cered grain thereis not much time for the crop to utilize nitrogen
fixed by the vetch. This should be taken into account when designing the fertility program. If

the forage is to be taken al the way to the soft dough stage of the grain there is more time for the
crop to utilize nitrogen from the vetch. In generd vetch has the ahility to fix more nitrogen than
pess depending on the timing of harvest.

Vetch can aso be used for forage when seeded by itsef. Remember that vetch isavining crop
that will lay down as the maturity progresses. Time your forage harvest according to the qudity
and tonnage baance desired as with dl forages, but dso note that lodged vetch forage can have
logistica issues with wet cool westher.

One other caution with vetch isthat if allowed to go to seed producers sometimes have it
volunteer back as aweed. If the crop is harvested before going to seed this issue should be
minimdl.



FAVA BEANS (ALSO CALLED FABA OR BELL BEANYS)

Fava beans (Vicia faba L.) are often found in cover crop blendsin the Certra Valey of
Cdifornia. While use for forage in this areais minor, fava beans are an important forage source
in other parts of theworld. A main attractive point of fava beans asforage is that with seecting
aforage type variety the tonnage can be as high as 20 or more tons of green weight per acre.
Fava beans are dso a very excdlent nitrogen fixing crop. While al legumesfix nitrogen, fava
beans have the potentia to contribute more to the soil than vetch and pess.

BERSEEM CLOVER

Berseem Clover (Trifolim alexandrinum) isan annud upright clover well adapted to the clay
loam and sandy loam soils of Cdliforniaas afal-planted crop. It can be used for grazing (bloat
tolerant), or for hay or greenchop applications. There are several other amud clovers and
legumes, including Perdgan clover, Arrowleaf clover, medics and Crimson clover that can be
grown, but research trids during the past 10-15 years have shown berseem to be the most well-
adapted and highest yielding upright annua clover species for Cdifornia (for harvested forage).
Berseem varieties are aso available for some colder regions as a Spring-planted forage legume.

Varieties. Mogt lines currently in use of berseem are so-cdled ‘multiple cut’ lines, that is,
vaietiesthat can be harvested up to 4-5 times before the crops dissipates in the summer. Thisis
an advantage of other fal-sown legumes, such as peas, which can be harvested once. Some
vaidiestha are ‘sngle cut’ may be avallable in the near future, varieties which are appropriate
for aquick, Sngle-cut yield. The University of Cdifornia has released two berseem lines,
Multicut and Joe Burton, which are high yieding under Caifornia conditions.

Yields. Yiddsin long-term Cdlifornia studies have averaged about 6.5-7 tons/acre DM &t Davis,
CA, and higher yidlds (up to 9 tons dm) in more southern Cdifornialocations, such as Imperid
Vdley. Berseemis generdly harvested from very early spring (Feb-April) through mid-late June
or July. After July, productivity declines gregtly. In the Sacramento Vdley, 4-5 cuts are

common. We would recommend seeding berseem earlier in the fal than is common for smdll
grains or ryegrass—Ilate September or October in most parts of the State, since the legume
seedlings benefit from early warm temperatures. It can be seeded very early spring in short-
seasoned environments, but growers should be aware that berseem is susceptible to frost damage.

Berseem is more flooding tolerant than dfafa, and can be successfully overseeded into exigting
dfafadands, with the potential to increase yidds 1-2 tonsin that system. Berssemishighly
resstant to the afadfaweevil, and may diminate the need for insecticidesin overseeded dfdfa

Quiality. Foragequdity of berseem isvery amilar to dfdfa, perhgpsalittle higher in TDN and
alittle lower in CP than dfafa, when cut at the same cutting schedule. Berseem clover ishighly
paatable to livestock. A ‘brownigh' tinge of berseem hay may initidly limit marketability, but
dairiesthat have fed berseem hay have found it to be quite paatable and high in feeding vaue.
Drawbacks & this point include difficulties of managing heavy, high-moisture early harvests and
leaf disease (Phomablackstem) in the early growth period. Berseem clover, however, is
interesting dterndive forage ether for a short rotation Stuation for high-qudity forage, or asan
overseeded crop into exigting dfdfafieds.

Further information on berseem can be found at http://dfafaucdavis.edu




SUMMER ANNUAL FORAGES

Summer annuals are those species that are heat-tolerant and productive as late planted annual
forage crops. Planting dates are typicdly late April, May, June, or even July in Cdifornia. The
most important annua summer forage crops currently grown in Cdifornia are corn sllage and
Sudangrass. Cdliforniais the second largest corn silage producer in the US, whereas most
Sudangrass grown in Cdiforniais exported to the Far East.  However, beyond these two
important dternative summer forages, growers have few other options for summer annua
forages. Summer annuas may provide high flexibility, and can be planted as an emergency crop
or in rotation with winter annua crops, or after an afdfa crop.

In 2001, we conducted afidd trid a UC Davisin 2001 to eva uate many of these species.
Additiona studies are planned for 2002. Further evaluation is required to understand their
adaptation, qudity, and usesto Cdifornia Conditions. In this section, we will review severd
types of summer-grown forages that can be grown in Cdifornia

SUDANGRASS

Sudangrass (Sorghum bicolor) is currently the mgor crop of choice for summer annua hay
productionin Cdifornia. Substantia acreage (>100,000 acres) of sudangrass have been grown
in the Imperid Vdley during the last ten years for export to Japan, but in recent years, some of
this acreage has moved into the Sacramento and upper San Joaguin Vdleys. It has declined
dightly in importance in recent years due to competition from other coarse forages, such as
grass-seed straw from Oregon and oat hay from Augtralia. S
Sudangrass is considered medium or low in feeding quality, but has SRt :
outstanding yield potentia. Little of the sudangrass crop entersinto

the dairy or horse markets, but someis used for dry cows or beef
operations. Sudangrassis likely the ‘oneto beat” when considering
yield potentiad of summer annuds dterndives. ‘Piper’ is4ill the
predominant variety grown throughout the state—thisisaline
released from Wisconsin in the 1940s—in spite of breeding efforts
over the past few decades. Some have raised questions asto
whether thisis the optimum variety for Cdifornia conditions, but
gnce yield condderations, not quality tend to be paramount for the
export market, Piper has persisted in popularity. Export markets
demand small diameter gems, low nitrates, and good, light color—
they are less concerned about andyticd vaues than subjective
quaity estimates. Sudangrass requires sgnificant quantities of N
fertilizersto maximize yidds. UC studiesin the desart have shown
that up to gpproximately 70 lbs N/acre (soil plus fertilizer) per
harvest period are needed. However, sudangrassis a famous nitrate
accumulator, and growers need to be careful to avoid excessive
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Sudangrassis
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important summer-
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gpplications and drought stress to prevent high nitrate concentrations in the forage.

Prussic Acid. All of the sorghum species, including sudangrass, are capable of building up high
levels of Prussic acid, dso known as HCN or hydrocyanic acid in the leaves. This occurs when
environmenta conditions are unfavorable for growth. Thus, rapidly growing new shoots after a

frost or after arain that terminated a drought can cause HCN problems. Cultivars differ in their



HCN accumulation potentid. Prussic acid causes death by interfering with the ability of red
corpusclesin the blood to transfer oxygen. Since prussic acid deteriorates over time, hay or
dlage that contained HCN at harvest is usudly safe after storage for three or more weeks.

Nitrates. Nitrate poisoning is aso a hazard of sudangrass production, as well asthe other
summer annua grasses. Nitrate accumulation can occur with any species (particularly grasses),
but sudangrass is afamous nitrate accumulator. Caution should be used when fertilizing,
especidly during the first growth period, since resdua nitrogen in the soil may be substantial.
Nitrate accumulates in plants that were fertilized with N a high rates (or with high soil resdual)
then subsequently limited in their growth. Drought or deficit irrigation are frequent causes of
nitrate accumulation, but it can also be the result of heavy cloud cover, shading, cool
temperatures, or frost. Nitrates are reduced to nitrites in the digestive tract, oxidize theironin
hemoglobin, and interfere with oxygen trangport. Symptomsin animas include muscle tremors,
labored breathing, staggering, bluish mouth, and chocolate brown blood.

All summer annua grasses, as well as many other forage and weedy species (pigweed and
lambsquartersin particular), can cause nitrate poisoning. Nitrate does not break down over time.
Consequently, hay may cause nitrate poisoning many months after a growth high in nitrate was
cured and harvested. If you have doubts, have your hay tested by alaboratory, snce animals
may die or be injured by nitrate poisoning. Controlling access to toxic forage and dilution with
other feeds are the only toxicity control measures available.

MILLETS

Millets are hest loving group of grassesthat may have some gpplications for forage systems.

They are considered ‘coarse’ annudl tal grass forages, in the same genera group as sudangrass.
They may be considered for emergency forages or as late planted aternative forage crops. There
is little production information on the adaptation of millets for Caifornia conditions, but they are
more widely grown in dryer aress of Texas through Nebraska.

Pear| Millet (Pennisetum americanum (L) Leeke, formerly P. glaucum). Pearl milletisan
annud erect heat-tolerant cered grass grown widdy in Africaand India as afood crop and
forage crop. Pearl Milletislikdy the highest yidding of the millet group that can be consdered
for forages. Pearl Millet may grow 2to 5mtal. Leaf blades have findy-serrated margins and
arelong and pointed. Although seeding can be as early as March in southern Texas, it may occur
in May, June or later, depending upon the latitude, eevation and intended use. Late seeding may
be done to provide early or late summer grazing or greenchopping. A sngle large growth may
be desired by some producers for preservation as silage. Dates of seeding may be adjusted to
ensure compdibility with other cropsin double-cropping sequences. Seeding before ol
temperature a a depth of 10 cm reaches 12 to 13 C can be hazardous, but later or multiple
plantings often are made to equalize forage production throughout the season. In some climates,
late summer or early autumn plantings dso may be gppropriate. Pearl Millet is more sensitive
than sorghum or Sudangrass to lower temperatures. Early plantings of sorghums exposed during
germination or the seedling stage to dawn temperatures of 5 to 10 C may survive while pearl
millet seedlings are killed. Stemsare pithy. Leaf initiation is constant and successive primordia
areincreasngly larger. Tillering occurs fredly from axillary buds from each node and, in some
cultivars, may occur from nodes 20 cm or more above ground level. Theinflorescence is athick,
cylindricd spike 2to 4 cm in diameter and 20 to 50 cm long. (Information from
http://forages.orst.edu/topi cs/species/'sumanngral ).



Foxtail Millet (Setariaitalical. Beauv.) Foxtal millet, grown
for hay, offers producers flexibility in crop choice because of its
low water use: 10 to 12 inches (precipitation plus soil water use) to
produce a crop—it is being used in whest-fdlow sysemsin the
Midwest to produce ahay crop during the summer off-periods. In
Colorado sudies, ‘ Golden German’ has the highest yield potentid,
followed by White Wonder, Butte, and Manta varieties. Crude
protein ranged from 9.7 to 13 % and ADF in the 35-38% range.

Foxtail Millet

TEF

Tef (Erogrostis tef) isthe mgor cerea crop of Ethiopia, where it occupies a sizeable percentage
of the arable land. Its cultivation can be traced back to earlier than 3,000 BC. Tef grainis
primarily used to make the traditiona Ethiopian flatbread: ‘Injera. Due to the heat-loving
characterigtics of tef, and its ability to rgpidly establish in the summer months, tef has receved
some interest as a summer annua rotation or emergency crop. kil
Montana has released ‘Bridger’ tef as a summer emergency forage
for dryland conditions. Seeding rates of the tiny seed (millions can
occupy one hand), are in the range of 1-5 Ibs/acre. Its narrow, soft
leaf structure may endble it to fit into some systems as a short-
seasoned grass crop for the hay market or as an overseeded crop
into old dfdfafieds. It has been observed to grow quite well

during the summer monthswith limited irrigation gpplications.

Other Erogrostis species are weeds, so some care to limit the spread
of this species may be important. Theyidd potentid of tef may bea Tef

limitation in terms of economic returns, especidly in comparison
with dfafa, corn and sudangrass.

SOYBEAN

Soybean (Glycine max), which originated in China, was first used as a hay or grazing crop in the
US after it wasintroduced in 1765. Aslate as 1924, amillion acres were planted for hay, but
today virtudly dl soybean inthe USisgrown for grain. It is currently the second largest crop in
the US (behind corn--dfdfaisthird in vaue)— estimated a more than $18 billion each year.
Cdiforniais not a player in soybean grain production, thus not muchis known ebout soybean
performance (especidly for forage) under irrigation in the West, ) i ] B
and less il about its forage quality. Severa new USDA lines
with late maturity have been bred by Dr. Tom Devine, based in
Bdtsville, MD. These can be used for forage ether in
monocultures or mixed crops with corn, sorghum, millet, or
sudangrass. Harvesting of soybean as forage may be
chalenging to balance optimum pod and seed production with
preventing loss of leaves. To reduce leef loss, grain loss, and A .
potentid for rain damage, the soybeansit is probably preferable Soybean (forage type)
to harvest soybean as silage rather than ashay. Some of the
Midwestern recommendations for harvest: soybeans should be wilted to 60 to 70 percent
moisture for soybeans ensiled in atrench, bunker, concrete stave or bag-type silo, or 50-60% for
an oxygentlimiting slo. Of the harvested soybean forage, sems will likely have the lowest




quality. If chopped and ensiled, livestock will less likely sort out the lower quaity stem as
compared to when soybeans are made and fed as long-stemmed hay. If harvested as hay, a
mower-conditioner should be used and alonger curing time expected as compared to dfdfa
Mixtures of soybean with corn or other coarse forages are common.

COWPEA

Cowpea (Vigna unguiculata (L.) Walp.) is an important warm-season legume grown as agrain,
vegetable, and forage crop in Africa, Asa, and the Americas. Cdifornia-grown cowpeas
(blackeyes) are currently important speciaty crops for some growers ¥

in the San Joaguin Valey. Similar to soybean, cowpea has
higtoricaly been grown as aforage crop (hence the name), and is till
grown as aforage or vegetable crop in many areas of the world.
Many of the cowpea lines exhibit vigorous growth in the summer,

high forage qudity, and excdlent yidds. Recently, UC Riversde has
released severd vigorous ‘vegetative' lines suitable as a summer
rotation plow-down crop to provide nitrogen to subsequent specidty
crops. These lines are currently being tested at UC Davis, dong with
traditiona seed-type cowpealines, and appear excdlent in their
adaptation. Cowpeas are prone to lodging and can be susceptible to
gphid and viruses. It is possible to make hay out of Cowpess, but the
plant Sature (very viney) and moisture content of stems and pods may be a chdlenge—thus
ensling or greenchopping may be gppropriate.

FENUGREEK

Fenugreek (Trigonella foenumgraecum) is a plant native to the near East Mediterranean and
India. Itisnot likdy a‘summer annud’ but should be dassified with thewmter-grown crops,
athough the optimum planting date is not known. Its name, .

meaning ‘Greek hay’ indicatesis possible originsin animd
agriculture, but its most common use world wide currently isas a
spice or medicind plant. Egyptians and East Indians commonly use
fenugreek seeds for medicina or spice purposes or roast the seeds
and use them as coffee. They also eat sprouted seed and fresh
leaves. People in India use the leaves as a vegetable and the seed as
apice and traditiond medicine. Studiesin Alberta, Canada, have
shown that the nutritive value of fenugreek forage to be comparable
to that of early bloom dfafa It contains steroida sapogenins such
as diosgenin which are thought to increase livestock growth rates. Fenugreek
Feeding studiesin have shown this crop to be comparable to dfalfa
in ruminant growth rates and forage quality measurements. Fenugreek is not alikely candidate
for asummer-annua cropping system, but is better suited to cooler growing conditions, such as
thefdl, winter or spring seasons.

LABLAB BEAN

Lablab bean (Dolichos lablab L. or Lablab purpureus) Lablab, hyacinth bean, Egyptian bean, or
dolichosisavigoroustropica legume grown for seed or forage, ornamental, or as a cover crop.
It has a didtinctive white hilum (rim around the seed) that distinguishes lablab from other beans.



It isgrown as afood crop in some parts of Asia, however soaking
of the seeds may be necessary due to anti- nutritional compoundsin
the seeds. Itislisted on North Carolina s poisonous plant list. It
has been grown as afood for wildlife in some aress, and has been
ranked, along with soybean and cowpea as preferred forages. It is
reportedly grown in Austrdia as aforage crop for both hay and
grazing, where they report it to be higher yielding than cowpea.
Lablab is consdered to be highly drought resistant, but susceptible
to poor drainage or flooding.

Lablab

SUMMARY

None other than President Thomas Jefferson originaly championed the vaue of research efforts

to develop new crops for agriculturein the 1790s. Today, many growers are concerned about the
profitability of agriculture and look to crop dternatives to help meet their needs. Severd of the
Species described here may have a place in Cdliforniaforage production. Others may be just
curiosities.  Further work to describe their particular characteristics as forages and their

functiona vauein rationsis needed. The diversity of crops should be looked upon as aresource
to contribute to improved agriculturd productivity in the future. Annua forage crop dternatives
may provide a high degree of flexibility to respond to changing resource and market conditions,

as well as high productivity.



