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Introduction

A
ll plants have secondary compounds, some of
which can be toxic to livestock if consumed in
sufficient quantities. A few plants accumulate
toxins at high levels and yet are relatively palat-

able to livestock. These pose a high risk of poisoning. Most
native range communities contain a few toxic plant species
that create risks to grazing livestock.

Historically, poisonous plants have caused significant
problems for the livestock industry on rangelands and to a
lesser degree on pastures. The estimated livestock loss from
deaths and abortions exceeds $340 million in the 17 western

states.1 In addition, these plants cause weight loss, unthrifty
animals, and altered management strategies.

The USDA became concerned about livestock poisoning in
1894 when V.K. Chestnut was hired to investigate plant poi-
sonings on western rangelands. Formal research on poisonous
plants began in 1905 when C. D. Marsh was sent to Hugo,
Colorado, to establish a research station to study locoweed poi-
soning. This research continued in various departments and
locations in the West and is now a component of the USDA
Agriculture Research Service at Logan, Utah.

The mission of the Poisonous Plant Lab is to solve poi-
sonous plant problems: identify plants that are toxic to live-
stock; identify, isolate, and quantify the toxin and determine
its mechanism of action; determine how the toxin is metab-
olized and cleared from the body; develop diagnostic and
prognostic procedures; ascertain the conditions when live-
stock graze these plants and are poisoned; and develop man-
agement strategies to reduce the risk of poisoning. A truly
integrated team of scientists work cooperatively on all
aspects of poisoning: veterinary medicine, pathology, toxicol-
ogy, reproductive physiology, natural products and synthetic
chemistry, animal nutrition and behavior, range manage-
ment, and ecology. Knowledge generated from research is
used to develop recommendations and management strate-
gies to reduce or eliminate livestock poisoning. Examples of
some of the important poisonous plants are listed here.
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Halogeton
Halogeton (Halogeton glomeratus) is an invasive alien noxious
weed from Russia that was first collected in Wells, Nevada,
in 1934. Within 4 decades, it rapidly spread throughout the
cold desert and infested over 11.2 million acres in the Great
Basin, Snake River Plains, Colorado Plateau, and Red
Desert of Wyoming. Catastrophic livestock losses occurred
in the 1940s and 1950s when entire sheep bands died
overnight. Life magazine called it the “stock killing plant of
the west.” The Halogeton Act of 1952 provided funds for its
eradication and control. Reallocation of federal research
from Forest Service Experiment Stations to the Bureau of
Plant Industries created a Range Research unit, which was
placed within the Agriculture Research Service when it was
established in 1953.

Halogeton poisoning of sheep was a symptom of a larger
problem—the overgrazed and depleted condition of desert
range.2 Research showed that if range conditions could be
improved, competition from perennial species would reduce
halogeton and provide alternative nutritious forage. As a
result, thousands of acres of depleted sagebrush range were
seeded to crested wheatgrass. Other research projects showed
that rumen microflora could be adapted to halogeton by feed-
ing low levels of oxalate3 such as those in shadscale. The major
preventative measure was to keep hungry sheep from grazing
dense patches of halogeton.4 Poisoning occurred when sheep
were stressed and hungry from hauling or trailing, then
released to graze in areas where halogeton proliferated, such as
disturbed areas around water sources or loading docks. Once
this knowledge was available, losses generally ceased.

Veratrum
Western false hellebore (Veratrum californicum) caused birth
defects in sheep in mountain valleys in Idaho. However, it
was of great scientific interest because it was the first iden-
tified case of a dietary factor causing birth defects.5

Chemists isolated the teratogen, cyclopamine,6 and found it
was dangerous for only a short part of the reproductive
cycle. If a ewe consumes it on the 14th day of gestation, cell

differentiation and migration is disrupted, causing a cyclop-
ic or monkey-faced lamb. Limb deformities occur if it is
consumed on days 27–32, and collapsed trachea on days
31–33.7,8 This knowledge resulted in the simple manage-
ment strategy of avoiding grazing Veratrum for 30 days
after breeding. This was accomplished by simply reversing
the grazing pattern so that the pregnant ewes were not in
the Veratrum patches during early pregnancy (Lynn James,
personal observation).

Lupine
Historically, lupine (Lupinus spp.) has been one of the largest
causes of sheep poisoning in Montana, Idaho, and
Wyoming. Quinolizidine alkaloids cause neurologic prob-
lems in sheep and acute death. Lupine seeds and pods con-
tain high levels of alkaloids and are succulent and relatively
palatable. A management strategy was developed to avoid
grazing dense patches of lupine in the late summer and fall
as the pods develop and ripen.

More recently, lupine has been linked to “crooked calf dis-
ease” in cattle in which calves are born with crooked necks,
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spines, and legs. Research determined that crooked calves
were born when their mothers grazed lupine during days
40–70 of gestation.9 The teratogenic alkaloid, anagyrine, was
identified10 and was shown to inhibit fetal movement, caus-
ing the limbs and spine to develop in abnormal positions.11

A simple management solution was proposed to stagger
grazing so that the susceptible period of gestation (40–70
days) does not overlap the flower and pod stage of lupine
growth when anagyrine is highest.12

Current research is refining the management recommen-
dation by defining when and why cattle graze lupine. In the
scablands of eastern Washington, cattle begin eating lupine
in July, when annual grasses dry up and weedy forbs mature
(Ralphs et al, in review). Lupine is a deep-rooted perennial
that remains green and succulent later into the summer. The
traditional breeding season begins May 1 and runs through
July. This puts the susceptible period of gestation from June
10 to October 8. Since lupine consumption occurs during the
susceptible period of gestation, producers should either alter
the breeding season or deny cows access to lupine from July
to September.

Locoweed
Locoweed remains the most widespread poisonous plant
problem on western US rangelands. Species of Astragalus and
Oxytropis occur in every major plant community. Locoweed
causes chronic poisoning similar to wasting disease, and
reproduction is compromised.13

The toxin has been identified as the indolizidine alkaloid
swainsonine.14 It is a small sugar-like molecule that inhibits
glycoprotein metabolism and lysosomal function.15 This
inhibition causes a storage disease from accumulation of
abnormal and partially metabolized sugars and proteins
within the cell vacuoles. Eventually, the cells die.16

Locoweed affects all body systems. Damage occurs to the
nervous system, causing depression and/or aggression,
impaired locomotion, and difficulty prehending food and
water. If left unattended, the animals will die of starvation.
Significant weight loss occurs in stocker cattle,17 and subse-

quent feedlot gains are compromised (Glen Duff, unpub-
lished data).

The greatest economic loss comes from reproductive
problems.18 In the male, spermatogensis stops, libido is
reduced, and mating behavior is disrupted. In females, estrus
is altered, and ovarian dysfunction occurs. Abortions and
early embryonic death are common. Offspring that are car-
ried to term are weak and retarded. Intoxication is exacerbat-
ed in nursing offspring when they receive swainsonine in the
milk when their mothers graze locoweed.

Management strategies have been developed that will
reduce the risk of poisoning from white locoweed on short-
grass prairies.19 Producers should restrict access to locoweeds
during critical periods in the spring and fall, when the green-
growing locoweed is more palatable than dry-dormant
warm-season grasses. White locoweed is restricted to shal-
low rocky soils; therefore, fencing along soil boundaries can
create locoweed-free pastures on the deeper, more productive
soils. Heavy grazing should be avoided during the summer;
if cattle run short of green grass in the summer, they will
switch to grazing locoweed. Progressive ranchers in
locoweed areas ride through their cattle regularly and remove
animals that start eating locoweed (David Graham, personal
observation). This prevents further intoxication and prevents
the loco eaters from influencing others to eat it. Other
ranchers have started testing their stocker cattle at the begin-
ning of the grazing season for their propensity to eat
locoweed and removing those that eat it (David Graham,
unpublished data). Animals can be trained to avoid eating
loco through conditioned food aversion. The taste of the
plant is paired with an induced illness, causing the animals to
associate the taste with the illness, and they subsequently
avoid eating the plant in the field.20

Most locoweeds can be controlled by common rangeland
herbicides.21 However, their seeds remain in the soil to ger-
minate and reestablish when environmental conditions are
favorable.22 Drought also affects locoweed populations; they
decline and die out during extended droughts but increase
dramatically during wet periods.

5October 2005

Lupine.
White locoweed.



Larkspur
Larkspurs (Delphinium spp.) kill more cattle on mountain
summer range than any other plant or disease. It is acutely
toxic; cattle that eat a lethal dose die within 5 hours. There
are over 40 alkaloids in tall larkspur, but the toxic class of
alkaloids contain the N-(methyl-succinimido)-anthranilic
ester group.23 The mechanism of action of these toxic alka-
loids is to block the nerve–muscular junction, resulting in
muscular paralysis. This causes fatigue, collapse, and rapid
death from respiratory paralysis.

Some drugs can reverse toxicity if the animals are down
but not dead. Physostigmine and neostigmine (not yet
approved for use in cattle) can reverse the nerve blockage,24

but they can be toxic if the effective dose is exceeded.
Research has defined a toxic window when cattle are like-

ly to be poisoned.25 Toxic alkaloid levels are very high in the
early new growth but decline over the growing season. Cattle
will not graze larkspur early in the season but begin eating it
as it begins to flower. Consumption increases as the plant

matures, but there is not enough alkaloid in the plant after
the pod stage to kill a cow. The management recommenda-
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Table 1. Scientific and common names of plants and type of poisoning.

Family / Genus / Species Common name Type of poison

Chenopodiaceae
Halogeton glomeratus Halogeton Kidney damage and acute death

Liliaceae
Veratrum californicum

Western false hellebore Deformed fetus

Leguminosae
Lupinus spp.
Astragalus spp.
Oxytropis spp.

Lupine
Locoweed or milkvetch
Locoweed

Birth defects, crooked calf disease
Wasting disease
Wasting disease

Ranunculaceae
Delphinium spp.

Larkspur Acute death from respiratory failure

Plants containing pyrrolizidine alkaloids Liver damage, chronic poisoning

Compositae
Senecio jacobaea
S. longilobus
S. riddellii
S. vulgaris

Tansy ragwort
Woolly or threadleaf groundsel
Riddell’s groundsel
Common groundsel

Boraginaceae
Cynoglossum officinale
Amsinckia intermedia
Symphytum officinale
Heliotropium europaeum
Echium plantagineum

Hounds tongue
Tarweed or fiddle neck
Comfrey
Heliotrope
Paterson’s curse

Leguminosae
Crotalaria spectabilis
C. retusa

Showy crotalaria
Rattlebox
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tion was to graze early in the season when larkspur is
unpalatable, remove the cows during the flowering period,
then graze late in the season after the pod matures.26

There are several other management strategies that can
reduce the risk of poisoning.27 Graze sheep before cattle;
sheep are 4–6 times more resistant to larkspur alkaloids, and
larkspur is considered good sheep feed. Aversion condition-
ing can train cattle to avoid eating larkspur. Aversions are
likely to last indefinitely if conditioned cattle are grazed sep-
arately from unconditioned cattle.28 Herbicides can control
larkspur patches where poisoning occurs, and losses can be
reduced.29 The larkspur mirid is host specific to tall larkspur
and can be used as a biological tool to damage the larkspur
plant. Livestock will not graze severely damaged plants.30 If
the mirid populations can be maintained at high levels, the
risk of cattle poisoning can be reduced.

A decision-making handbook is available31 to assist
ranchers in determining their risk of poisoning. It includes
measuring alkaloid levels and determining when cattle
graze larkspur to define the toxic window, then avoid graz-
ing at that time. Other management recommendations are
also presented.

Ponderosa Pine and Broom Snakeweed
Ponderosa pine needles and broom snakeweed cause late-
term abortion in cattle. Over several years, a major effort was
made to isolate the abortificent compound in pine needles
using a large animal bioassay (cow). Isocuppressic acid (ICA)
was found to be the parent compound in the needles that
induced abortions.32 ICA has subsequently been identified in
Monterey Cyprus, lodgepole pine, and common juniper.33

Cattle graze pine needles in cold winters and when deep
snow covers the other vegetation.34 Cattle in low body con-
dition eat more needles than fat cows. The management rec-
ommendation is to keep cattle out of pines during the last
trimester of gestation.

Broom snakeweed contains several toxic diterpene acids
similar to ICA, but the specific abortificient compound has
not been identified. Snakeweed is not palatable,35 but live-
stock will graze it if all other forage has been depleted.36

The management recommendation is to always provide
adequate forage.

Plants Containing Pyrrolizidine Alkaloids
Pyrrolizidine alkaloids (PA) cause chronic liver damage (cir-
rhosis), and animals die weeks to months later. They cause
the largest problem of plant poisoning worldwide in both
livestock and humans. Research has determined the toxicity
of the principal PAs in plants37 and the damage they do as
pyrroles in the liver.38 Many of the invasive noxious weeds
contain PAs (Table 1). Their seeds contaminate grains, and
their foliage contaminates hay and fodder. They are usually
not palatable when green. Management recommendations
include identifying and controlling weeds and avoiding graz-
ing when PA concentrations are high in late summer.39

Vaccines
We are also conducting research on immunologic assays of
the toxins in larkspur,40, 41 pine needles,42 pyrrolizidine alka-
loids,43 and Veratrum.44 These toxins are not large enough to
be immunogenic or to stimulate the immune system by
themselves. The approach is to attach these toxins to large-
molecular-weight proteins that the body’s immune system
will recognize and to which it will generate an antibody
response. If successful, this can be developed into ELISA
diagnostic tools and perhaps vaccines.

General Management Recommendations
Most plant poisonings can be avoided by knowing when a
particular plant is most toxic, understanding when livestock
are likely to eat it, and avoiding grazing in infested areas at
those times. Specific recommendations for important poi-
sonous plants in the western United States can be found in
USDA Bulletin 415, “Poisonous Plants of Western US,”45 on
our Web site (http://www.pprl.usda.gov).

Authors are Research Leader (James), Chemists (Gardner and
Lee), Reproductive Toxicologist (Panter), Rangeland Scientists
(Pfister and Ralphs), and Veterinary Pathologist (Stegelmeier) at
the USDA-ARS Poisonous Plant Lab, Logan, UT 84341.
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