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Abstract

Timber milkvetch (TMYV, Astragalus miser Dougl. ex Hook var.
serotinus) is widely distributed on rangelands in the southern
interior of British Columbia, Canada. It synthesizes large quanti-
ties of miserotoxin, a glycoside that is toxic to cattle. Six grazing
studies were conducted at Sixtyone Creek on the Cariboo Plateau
during 1993 to 2000 to determine which class of livestock was
most susceptible to TMV, to record clinical signs of poisoning
under range conditions, and to determine the efficacy of protein
supplements for the prevention of TMV poisoning. In vitro rates
of TMYV detoxification in rumen fluid were determined concur-
rently. Incidents of early, acute and chronic poisoning were doc-
umented using a total of 143 cows over the 6 year study. Older
cows (more than 3-years old) and yearling heifers were less sus-
ceptible to TMV than lactating first-calf heifers, which showed
acute signs of poisoning. A chronic syndrome was sometimes seen
in second-calf heifers, especially during exertion. Heifers not pre-
viously exposed to TMYV, such as those that were obtained from
the prairie region of Alberta, were also more susceptible than
cattle originating in B.C. with a known history of exposure to
TMYV. Each year, Hereford cows were divided into 2 groups, one
of which received free-choice protein supplements in a molasses
block, the other did not receive supplement and served as a con-
trol group during the 6-week grazing trial. The control group
yielded 25 cases of TMYV poisoning during the 6-year study, com-
pared with 2 for the supplement group. However, the supplement
increased rates of TMV detoxification (> 50%) in only 1 of the 5
years of testing. Native cattle yielded higher rates of TMV detoxi-
fication (> 25%) in 2 of the 5 years than introduced cattle. The
innate capacity to transfer rumen microbial activity between cat-
tle in close proximity and the natural enrichment of rumen
microbial populations could elevate rates of detoxification
regardless of supplement or origin.
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The Interior Douglas Fir (Pseudotsuga menziesii (Mirb.)
Franco) zone is the most important forest zone for cattle grazing
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Resumen

“Timber milkvetch” (TMYV, Astragalus miser Dougl. ex Hook
var. serotinus) esta ampliamente distribuida en los pastizales del
sur de Columbia Britianica, Canada. Esta especies sintetiza
grandes cantidades de miserotoxina, un a glicéosido que es téxi-
co para el ganado. De 1993 a 2000 se realizaron 6 estudios de
apacentamiento en el Arroyo Sixtyone en la Meseta Cariboo
para determinar que clase de ganado fue mas susceptible a
TMYV, registrar los signos clinicos de envenenamiento bajo
condiciones del pastizal y determinar la eficacia de suplementos
proteicos para prevenir el envenenamiento por TMYV. Las tasas
de detoxificacién in vitro de TMV en el fluido ruminal se deter-
minaron concurrentemente. Incidentes de intoxicacién inicial,
aguda y crénica se documentaron usando un total de 143 vacas
en los 6 afios de estudio. Las vacas viejas (mas de 3 aiios de edad
)y las vaquillas de un afio fueron menos susceptibles al TMV que
las vacas lactantes de primer parto, las cuales mostraron signos
agudos de intoxicacion. A veces se observé un sindrome crénico
envacas de segundo parto, especialmente durante el parto. Las
vaquillas no expuestas previamente al TMYV, tales como las que
fueron obtenidas de la regién de praderas de Alberta, fueron
también mas susceptibles que el ganado originario de Columbia
Britanica con una historia conocida de exposicién al TMV. Cada
afio las vacas Herford se dividieron en 2 grupos, uno de los
cuales recibié suplementos proteicos a libre acceso en bloques de
melaza, el otro grupo no fue suplementado y sirvié como control
durante el ensayo de apacentamiento de 6 semanas. El grupo
control produjo 25 casos de intoxicacién por TMV durante el
periodo de estudio de 6 afios, comparado con 2 casos del grupo
suplementado. Sin embargo, el suplemento incrementé las tasas
de desintoxicacién de TMV (>50%) en solo 1 de 5 afios de prue-
ba. El ganado nativo produjo tasas mas altas de desintoxicacién
(>25%) en 2 de los 5 afios que las del ganado introducido. La
capacidad innata para transferir la actividad ruminal micro-
biana entre el ganado en una proximidad cercana y el enriquec-
imiento natural de las poblaciones microbianas del rumen
pueden elevar las tasas de desintoxicacion, sin importar el suple-
mento o el origen.

in southern British Columbia (Wikeem et al. 1993). Timber
milkvetch (TMV), also known as Columbia milkvetch
(Astragalus miser Dougl. ex Hook. var. serotinus), is a legume
that can be abundant in this zone, especially in lodgepole pine
(Pinus contorta Dougl. ex Loudon) forests on the Cariboo
Plateau. The crude protein content of TMV is relatively high
(Majak et al. 1996) but TMV also synthesizes large quantities of
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miserotoxin, a glycoside of 3-nitro-
propanol (NPOH) that causes acute and
chronic poisoning in ruminants (Maricle et
al. 1996). The glycoside is rapidly
hydrolyzed by rumen bacteria to the agly-
cone, NPOH, which is then absorbed and
oxidized to 3-nitropropionic acid (Majak
and Pass 1989), a potent inhibitor of mito-
chondrial enzymes essential to respiration
(Alston et al. 1977, Coles et al. 1979).

Rumen bacteria also have the capacity to
degrade and detoxify NPOH, and the rate
of degradation can be enhanced by increas-
ing the amount of protein in the diet
(Majak et al. 1998). The detoxification of
NPOH by Denitrobacterium detoxificans,
a recently identified rumen bacterium,
involves the reduction of the nitro group to
the much less toxic amino group
(Anderson et al. 1993, 1997). One strain of
this bacterium (MAJ1) originated from the
rumen bacteria of cattle grazing our study
area in the Cariboo (Anderson et al. 2000).

The objectives of this study were to
determine which age class of cattle was
most susceptible to TMV, to record clini-
cal signs of poisoning under range condi-
tions, and to confirm the efficacy of pro-
tein supplements for the prevention of
TMV poisoning. The effect of prior expo-
sure to TMV on susceptibility to TMV
was also determined. An additional objec-
tive during the 6 year study was to evalu-
ate the detoxification potential of rumen
bacteria using in vitro assays.

Materials and Methods

Two, 40 ha forest pastures (designated
A and B) at Sixtyone Creek, B.C. (51° 14’
N lat., 121° 34" W. long.) used for this
study were described earlier (Majak et al.
1996).Pinegrass (Calamagrostis rubescens
Buckl.) was the principal native grass and
the distribution of the 10 major forbs is
described in Table 1. It should be noted
that in the earlier study (Majak et al. 1996)
the 2 major forbs at the forest site were
incorrectly assigned to a grassland site and
vice versa. A third pasture (designated C)
of equal area was added in 1993 by
enclosing the area between pastures A and
B with permanent fences. This pasture had
been clearcut logged in 1977. The average
density of timber milkvetch (TMV, 12
plants m?) in pastures A and B (Majak et
al. 1996) was significantly higher (P <
0.05) than in pasture C (6 plants m?). The
average TMV basal area per plant (3.14

Table 1. Frequency' of 10 major forbs at Sixtyone Creek.

Species

Fragaria virginiana Duchesne

Achillea millefolium L.

Taraxacum officinale Weber

Antennaria parvifolia Nutt.

Agoseris glauca var. dasycephla (T. & G.) Jeps
Solidago sphathulata DC.

Galium boreale L.

Aster conspicuous Lindl.

Erigeron speciosus var. speciosus (Lindl.) DC.

Melampyrum lineare Desr.
Total

(%)
Strawberry 20
Yarrow 19
Dandelion 9.5
Pussytoe 85
Agoseris 7.5
Goldenrod 7.0
Bedstraw 6.0
Showy aster 4.0
Showy daisy 3.0
Cow-wheat 2.0

86

TEstimated from 120, l—m2 plots (Majak et al. 1996).

cm?) did not differ among the pastures (P
= 0.13). Estimates of the miserotoxin con-
tent of TMV at the site vary from 2.5% to
3.7% on a dry weight basis (Majak et al.
1996, Majak and Wikeem 1986).

During 1993 and 1995-2000, cattle on
test were divided into 2 groups, one of
which received protein supplements in
molasses blocks and the other served as a
control. The treated cattle were exposed to
the molasses blocks at Pass Lake on forest
range near Kamloops, B.C. for at least 2
weeks before grazing commenced at
Sixtyone Creek where blocks were given
free choice for the duration of the 6 week
study each year. The blocks contained
32% crude protein (Uniblok Canada,
Rockyford, AB) including canola, corn
gluten and feather meal (20%), urea
(12%), minerals and salt. The control
group received a block of cobalt iodized
stock salt.

Rumen samples were obtained from the
Hereford cows with the stomach pump
sampling technique using a speculum to
insert a plastic hose attached to a manual
pump. Animals were cared for under the
guidelines of the Canadian Council on
Animal Care. The details of the anaerobic
in vitro procedures and the spectrophoto-
metric methods for determining rates of
NPOH disappearance in rumen fluid were
reported earlier (Majak 1992). Using a
portable generator to maintain a waterbath
at 39° C, samples of rumen fluid were
anaerobically incubated with NPOH (2
mM) under field conditions, then subsam-
ples were treated with the protein precipi-
tant and cooled prior to transportation and
spectrophotometric determination. Rates
of NPOH disappearance in rumen fluid in
vitro were determined at biweekly inter-
vals for each animal on test.
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1993 Grazing Trial

Results of the 1993 grazing trial at
Sixtyone Creek were reported earlier
(Majak et al. 1996) except for the specific
cases of timber milkvetch (TMV) poison-
ing, which are reported here (Table 2).
Two groups of 10 Hereford cow-calf pairs
were used in 1993, including 10 first-calf
heifers (2 years old) and 10 cows, 4 to 10
years old (Table 2). Each group contained
5 heifers and 5 older cows. One group was
given protein supplements in pasture B
and the control group grazed pasture A
without any supplement.

In 1994, 2 types of protein blocks
(Majak et al. 1998) were tested using 2
groups of 12 cow-calf pairs. The cows were
2 to 8 years old and there were no cases of
TMV poisoning (unpublished data, Majak,
W.). Grazing started each year in pasture C
which was subdivided into 2 adjacent fields
with electric fencing. After approximately 2
weeks of grazing in the clearcut compart-
ment, 1 group moved east to A and the
other was moved west to B for the remain-
der of the 6 week grazing trial.

1995 and 1996 Grazing Trials

In 1995 and 1996, 2 groups of 12 cow-
calf pairs were tested with and without
protein supplements. Since the 1993 graz-
ing trial and previous studies during 1989-
1992 (Majak et al. 1996, 1998) failed to
produce signs of TMV poisoning among
older cows, only younger cattle (2 to 3
years old) were used. A further modifica-
tion in 1995 and 1996 involved the yearly
purchase of 12 first-calf heifers from
Alberta. These animals had not been pre-
viously exposed to TMV. The objective
was to determine whether unexposed,
“naive” animals of prairie origin were
more susceptible to TMV poisoning than
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Table 2. Age, origin and number of cows in grazing studies during 1993-2000 and incidence and degree! of TMV poisoning in control and supplement

groups.
Control group Supplement group
Year n Age Early Acute Chronic Early Acute Chronic
(years) AB? BC AB BC AB BC AB BC AB BC AB BC
1993 20 2-10 — 2 — 1’ — 1 — 0 — 0 — 0
1995 24 2-3 0 2 3 0 2 0 0 0 0 0 1 0
1996 24 2-3 0 0 1 0 1 1 0 0 0 0 0 0
1998 30 1 0 0 0 0 0 0 0 0 0 0 0 0
1999 24 2 4 1 0 1 0 0 0 0 1 0 0 0
2000 21 0 0 0 0 2 3 0 0 0 0 0 0
Total 143* 9 6 10 0 1 1

1 .« . . . .
Clinical signs designated as early, acute, or chronic.

2In 1995 to 2000, origin indicated by AB (Alberta) or BC (British Columbia).
4First—calf heifers from B.C. with an unknown history of exposure to TMV.
71 and 72 cows in control and supplement groups respectively.

cows from B.C. In ®ach year, in vitro rates
of detoxification were determined after
cattle were on pasture C for 2 weeks (Date
1), after they were in pastures A and B for
2 weeks (Date 2) and at the end (Date 3).

Grazing trials at Sixtyone Creek were
not conducted in 1997 to permit the forage
on the range pastures to recover from
grazing pressure. After 5 years of grazing
(1992 - 1996), the TMV biomass had been
substantially reduced. During that period,
the average stocking rate was 3.5 ha/AUM
which is heavier than the recommended
rate of 4 ha/AUM for that area. The
increased grazing pressure promoted the
utilization of TMV. Subsequently, the
average stocking rate was set at 4.1
ha/AUM.

1998, 1999, and 2000 Grazing Trials

Prior exposure to timber milkvetch
(TMYV) appears to be a critical factor in
subsequent resistance to TMV. It was not
known whether this exposure was critical
at the suckling calf stage or at the yearling
heifer stage. The 1998 season was the first
phase of a 3 year program to assess the
susceptibility of female cattle to TMV poi-
soning between the state of puberty and
maturity.

Thirty heifer calves were purchased in
1997. Half were from the prairie region of
Alberta, where TMV is not available, and
half were from the Cariboo region of B.C.,
where TMV is abundant. They were over-
wintered and bred in Kamloops before the
1998 TMV grazing season when they
were divided into 2 groups of 15. The con-
trol group contained 8 heifers from B.C.
and 7 from Alberta. The supplement group
contained 8 heifers from Alberta and 7
from B.C. The supplement group was
given protein blocks free choice and the
other served as a control.

268

The 1999 season was the second phase
of the 3-year program that would test the
effect of age on the susceptibility of lactat-
ing cows to TMV. Only 24 first-calf
heifers were available for TMV range trials
in 1999. Due to calving problems, it was
not possible to assign the same animals to
each supplement group in 1999 but they
were kept in the same groups in 1999 and
2000. Each group of 12 consisted of 5
cow-calf pairs from Alberta and 7 from
B.C. One group was given protein supple-
ments and the other served as a control.

The third phase was conducted in the
summer of 2000 when the susceptibility of
these same heifers, now as second-calf
heifers, was assessed. In the 2000 trial, the
control group consisted of 5 cow-calf pairs
from B.C. and 5 from Alberta. The treated
group had 6 cow-calf pairs from B.C. and
5 from Alberta.

Statistical Analysis

Data on the incidence of poisoning in
cattle were analyzed using logistic regres-
sion (Hosmer and Lemeshow 1989). A
binary variable Y was created for each
animal, and was assigned the value Y = 1
if the animal showed symptoms of poison-
ing and O if not. Logistic regression esti-
mates the relationship P(Y = 1) =
1/(1+exp(-(a + b*X))) where P(Y = 1) is
the probability that an animal showed
symptoms of poisoning, a is a constant
estimated from the data, X is an indepen-
dent treatment variable, and b is the esti-
mate of slope with respect to the indepen-
dent variable. The independent treatment
variable X was a binary variable to allow
estimating the magnitude of the response
across 2 groups. The variable used
depended on the comparison of interest.
The risk of poisoning for a group of cattle
was estimated as 2.Y/n where XY = the

number of animals that exhibited symp-
toms of poisoning and n = the total num-
ber of animals in the group. The odds of
an animal in a group exhibiting symptoms
of poisoning were estimated as 2 Y/(n -
2Y) and describe how likely the symp-
toms of poisoning occurred in a group.
Since the variable X was always a binary
variable, the odds ratio for the 2 groups
was estimated directly from the logistic
regression equation as exp(b), and
describes how much more likely poisoning
occurred in 1 group compared with anoth-
er. All logistic regressions were conducted
using SPSS (SPSS Inc. 2000).

The effect of supplementation on the
incidence of poisoning in cattle was esti-
mated by logistic regression using data
from all trials. The variable X was
assigned the value O for control animals
(no supplementation) and 1 for supple-
mented animals, and logistic regression
used to determine if the incidence of poi-
soning was influenced by supplementation.

The effect of animal age on the inci-
dence of poisoning in cattle was estimated
by logistic regression using data for the
control (unsupplemented animals) from the
1993 and 1998-2000 trials. Supplemented
animals were not used in this analysis
since the incidence of poisoning was low
in all trials. The variable X was assigned
the value 1 if the animals were 2-3 years
old, and O if the animals were either 1 year
old or 4+ years old, and logistic regression
used to determine the significance of the
effect.

The effect of animal origin on the inci-
dence of poisoning was determined using
data from 1995-1996 and 1998-2000
since these trials all contained animals
from both locations. Supplemented ani-
mals were not used in this analysis. The
variable X was assigned the value 1 if the
animals came from Alberta and O if they
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came from B.C., and logistic regression
used to compare the incidence of poison-
ing among cattle originating from Alberta
and B.C.

In vitro detoxification rates from 1995
to 2000 were analysed using repeated
measures ANOVA (PROC GLM, SAS
1995). During 1995 to 2000, each experi-
ment was a 2 x 2 factorial with 2 treat-
ments (with or without protein supple-
ments) and 2 origins of livestock (Alberta
or B.C.) with a treatment x origin interac-
tion (SAS 1995), which was not statistical-
ly significant. These were considered
between-subject effects and sampling
dates within each year were considered
within-subject effects since measurements
were made on the same animals over time.
Data were analysed separately for each
year since different animals were used in
1995, 1996 and 1998-2000. Also, animal
numbers varied from 1998-2000, so these
years were analysed separately. A signifi-
cance level of 0.05 was used throughout
the study.

Results

Clinical Signs

In early signs of timber milkvetch
(TMV) poisoning, we observed that ani-
mals may be gaunt or slightly bloated with
some respiratory abnormalities and gener-
al lethargy. These signs invariably
progress to acute poisoning with continued
exposure and animals with early or suba-
cute symptoms were usually removed
from the study. Acute signs of TMV poi-
soning were manifested as incontinence,
loss of hindquarter co-ordination, exces-
sive salivation, reluctance to move, a
strong tendency to become recumbent and
general untractability. In chronic poison-
ing, there is permanent damage manifested
as unthriftiness, diarrhea, loss of stamina,
and clicky heels (James et al. 1980, Majak
et al. 1981). Signs of chronic poisoning
were frequently delayed and were often
manifested when cattle were suddenly
exerted and forced to travel. Affected ani-
mals will usually lag behind the rest of the
herd. This was often seen after the com-
pletion of the grazing trial when cattle
were moved to their home range. In this
study, an incident of TMV poisoning was
classified as the occurrence of clinical
signs of early, acute, or chronic poisoning
in one animal and on one or more days of
the season.

Effect of Supplements

The incidence of poisoning in control
animals was 35% (25/71) and was 3%
(2/72) in supplemented animals (Table 2).
The odds of poisoning were 0.54 (25 poi-
soned: 46 not poisoned) and 0.03 (2 poi-
soned: 70 not poisoned) in the control and
supplemented groups respectively.
Logistic regression indicated that supple-
mentation significantly reduced the odds
of poisoning (x> =128.2;df = 1; P <
0.0001). The parameter estimates (+ SE)
were a = -0.610 (x 0.248) and b = -2.945
(+ 0.759). The estimate of b was signifi-
cant (t = 15.1; df = 1; P < 0.0001). The
odds of poisoning were 19.0 (95% CI =
4.3, 84.2) times greater in the unsupple-
mented groups compared with the supple-
mented groups.

Two-year-old heifers with an unknown
history of exposure to timber milkvetch
(TMV) were used for the first time in the
1993 TMV grazing trial. Three of these 2-
year olds that were part of the unsupple-
mented group showed signs of TMV poi-
soning (Table 2) and were removed from
the trial due to acute or early signs of
TMV poisoning. In 1995, 3 of the 6 naive
heifers in the control group suffered from
acute TMV poisoning, and were removed
from the trial 2 weeks before its conclusion
(Table 2). In 1996, there was a low inci-
dence of TMV poisoning. Only 1 Alberta
heifer in the control group was prematurely
withdrawn from the trial. The low inci-
dence of poisoning in 1996 was attributed
to the overgrazed condition of the TMV
range. Grazing at the Sixtyone Creek pas-
tures was discontinued in 1997 to permit
recovery of TMV and other forage.

In summary, the control group yielded
25 cases of TMV poisoning during the 6-
year study, compared with 2 for the sup-
plement group. The supplement increased
rates of TMV detoxification (> 50%) in
only 1 of the 5 years of testing (Table 3).
The innate capacity to transfer rumen
microbial activity between cattle in close
proximity and the natural enrichment of
rumen microbial populations (Anderson et
al. 1998) might elevate rates of detoxifica-
tion regardless of treatment.

Effect of Age

Age classes in the control groups were
compared across years because it was not
feasible to have each age class in each
year and the experimental site could not
accommodate more cattle. Data for 1993
and 1998-2000 were combined since the
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number of animals in any one year were
low. The incidence of poisoning was 5%
(1/20) for 1 year-old (1998) and 4+ year-
old animals (1993) compared with 53%
(14/27) for 2-3 year-old animals in 1993,
1999, and 2000 (Table 2). The odds of
poisoning were 0.05 (1/19) and 1.08
(14/13) in the respective groups. Logistic
regression indicated that the effect of age
was significant (x*> = 13.5; df = I; P <
0.0001) and the parameter estimates (+
SE) were a = -2.943 (x 1.025) and b =
3.017 (£ 1.095). The estimate of b was
significant (t = 7.6; df = 1; P < 0.0001).
The odds of poisoning were 20.4 (95% CI
= 2.4, 174.8) times greater for 2-3 year
old animals compared with the other age
classes. Older cows were also used in
TMYV studies during 1990 to 1992 without
showing ill effects (Majak et al. 1996).

There was no incidence of timber
milkvetch (TMV) poisoning among year-
ling heifers in 1998 (Table 2). This con-
curs with local producers’ experience that
non-lactating females are unlikely to be
susceptible to TMV. In 1999, a supple-
mented Alberta 2-year old first-calf heifer
showed early signs of TMV poisoning and
she was removed from the trial. This
heifer was part of the previous year’s
group that was not given access to protein
blocks and it is possible that she was unfa-
miliar with the supplement. Toward the
end of the trial, a 2-year old B.C. heifer in
the control group showed acute signs of
TMYV poisoning and remained on the
range with her calf due to respiratory
problems and her inability to trail. Four
other 2-year old heifers from Alberta in
the control group also showed early signs
of poisoning (Table 2).

The 2000 season concluded a 3-year
investigation to assess the susceptibility of
young female cattle to poisoning by TMV.
There were no acute cases of TMV poi-
soning in 3-year old cows at Sixtyone
Creek in 2000 (Table 2). However, on
return to the home range at Pass Lake, 3
control cows (2 from B.C. and 1 from
Alberta) developed the “clicky heel” syn-
drome associated with chronic TMV poi-
soning. This clinical sign did not appear
until cattle were moved some considerable
distance and the condition persisted into
winter. As well, 2 additional cows from
the control group showed the same chron-
ic signs in the fall (Table 2). It should be
noted that none of these cows showed
acute signs at Sixtyone Creek in 2000 or
in the previous year.
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Table 3. Average rates of NPOH detoxification by ruminal bacteria in cattle grazing TMV and treated with or without protein supplements.

Control group

Supplement group

Year Date' n Mean + SE n Mean + SE P df P
(uM/liter/hour) (uM/liter/hour)
1995 1 12 5109 12 554 + 69
2 12 178 £37 12 268 + 36
3 9 364 +92 12 231 +54
combined 33 349 + 49 36 351+ 39 0.17 1,17 0.68
1996 1 11 474 £ 45 11 483 + 60
2 11 436 + 64 11 427 +39
3 10 380 + 83 11 440 £ 43
combined 32 431 +37 33 450 £ 27 0.01 1,7 0.95
1998 1 15 467 £ 38 15 75276
2 15 767 + 81 15 755 £ 65
3 14 594 + 55 14 415+ 34
combined 44 610 = 39 44 646 + 42 0.89 1,24 0.35
1999 1 12 709 + 37 12 894 + 98
2 12 545 + 63 12 564 + 82
3 12 546 + 89 11 992 +113
combined 36 600 + 40 35 812+ 63 8.75 1,19 <0.01
2000 1 10 468 + 31 11 478 + 44
2 10 476 £52 10 390 + 27
3 9 404 = 53 11 443 +26
combined 29 451 +26 32 438 +20 0.37 1,15 0.55

"Date 1 determination in pasture C; dates 2 and 3 in pastures A and B.

F-test for the effects of supplement.

Effect of Origin

The effect of origin was compared
across years in the control group from
1995 to 2000 (Table 2). The incidence of
poisoning was 25% (8/32) for indigenous
cattle originating in B.C. and 45% (13/29)
for naive cattle originating from Alberta.
The odds of poisoning were 0.33 (8/24)
and 0.81 (13/16) respectively for cattle
originating from B. C. and Alberta.
Logistic regression indicated that the
effect of origin was marginally significant
(x* = 2.7; df = 1; P = 0.10) and the para-
meter estimates (x SE) were a =-1.099 (+
0.408) and b = 0.891 (% 0.553). The esti-
mate of b was also marginally significant
(t = 2.6; df = 1; P = 0.10). The odds of
poisoning were 2.4 (95% CI = 0.8, 7.2)
times greater for cattle originating from
Alberta compared to those originating from
B. C. The 95% confidence interval over-
lapped with 1, so these results can only be
taken as suggestive of an effect of origin.

In vitro Detoxification Rates

The average daily intake of the molasses
blocks was 1.4 and 1.8 kg per cow-calf
pair in 1995 and 1996 respectively. There
was no rate difference between supple-
ment and control groups in 1995 and 1996
(Table 3). The average daily intake of the
molasses blocks was 0.6 kg per head in
1998 and 1.1 and 1.6 kg per cow-calf pair
in 1999 and 2000. In 1998, in vitro rates of
detoxification were initially determined in
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spring when the cattle were on tame grass
pastures before being transported to forest
range. These rates were relatively low
(148 uM/liter/hour + 16 on May 12) but
they escalated dramatically after 2 weeks
on pasture C. The rate for the supplement
group increased to 752 uM/liter/hour (SE
= 76) and to 467 uM/liter/hour (SE = 38)
for the unsupplemented group (Table 3). A
significant date*treatment term (F = 10.2;
df = 1, 24; P = 0.0002) indicated that
changes in detoxification rates across time
were not consistent among groups.
Detoxification rates were highest on date 1
for the supplement group, but the control
group was highest on date 3 (Table 3).
These results show that the rumen microbe
populations can shift to effectively detoxi-
fy timber milkvetch (TMV), and thus per-
mit a high level of tolerance in cattle graz-
ing TMV. The rates of detoxification were
higher for the supplement group compared
with the control group in 1999 (Table 3)
but no difference was observed in 2000.
The naive Alberta yearlings had lower
(P < 0.05) initial rates of TMV detoxifica-
tion (Table 4) during 1998. During the
1999 trial, ruminal rates of detoxification
were consistently lower (P < 0.05) for the
heifers from Alberta than for those from
B.C. (Table 4). This was most apparent
towards the end of the trial when the aver-
age rates differed by 300 uM/liter/hour.
The supplement also had the largest
impact at that time when, on average, the

supplement group exceeded the control
group by 400 pM/liter/hour (Table 3).
There was no difference in rates in 2000.
The lower rate of TMV detoxification for
yearling heifers not previously exposed to
TMYV suggests that, to acquire resistance
to TMV, exposure to TMV at the suckling
calf stage is critical. Native cattle yielded
higher rates of TMV detoxification (>
25%) on only two of the five years of test-
ing (Table 4). The innate capacity to trans-
fer rumen microbial activity between cat-
tle in close proximity and the natural
enrichment of rumen microbial popula-
tions might elevate rates of detoxification
over time regardless of origin.

Discussion

The 1998-2000 study at Sixtyone Creek
confirmed that first-calf heifers are most
susceptible to timber milkvetch (TMV)
poisoning and they can show acute signs,
second-calf heifers can develop delayed,
chronic symptoms and yearling heifers are
least susceptible (Table 2). To acquire
resistance to TMV, exposure to TMV at
the suckling calf stage is critical. Previous
exposure to TMV can have a significant
impact on subsequent resistance to TMV.
As well, we have confirmed that protein
supplements provide adequate protection
from TMV, especially for native cattle of
B.C. that are adapted to TMV. Clinical
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Table 4. Average rates of NPOH detoxification by ruminal bacteria in cattle grazing TMV and originating from either British Columbia or Alberta.

British Columbia Alberta
Year Date' n Mean + SE n Mean + SE F? df P
(uM/liter/hour) (uM/liter/hour)
1995 1 12 460 + 69 12 603 + 85
2 12 254 +42 12 192 34
3 12 308 76 9 261 + 65
combined 36 341 +39 33 360 + 49 0.46 1,17 0.50
1996 1 12 460 + 55 10 500 + 48
2 12 473 + 48 10 382 +54
3 12 377 + 48 9 457 + 84
combined 36 437 +29 29 446 + 36 0.18 1,17 0.68
1998 1 15 699 + 71 15 519+ 62
2 15 851+ 85 15 671 +49
3 14 557 +43 14 453 + 55
combined 44 706 + 43 44 550 + 35 7.40 1,24 <0.02
1999 1 14 885 + 82 10 685 + 47
2 14 658 + 61 10 409 + 65
3 14 883+ 119 9 567 + 81
combined 42 809 + 53 29 553 +42 15.01 1,19 <0.01
2000 1 11 478 £43 10 467 + 33
2 11 483 + 36 9 371 +45
3 11 418 + 49 9 434 + 15
combined 33 460 + 25 28 426 =20 0.87 1,15 0.37

iDate 1 determination in pasture C; dates 2 and 3 in pastures A and B.

“F-test for the effects of supplement.

signs of TMV poisoning were never
observed in calves.

Overall, the results indicate that supple-
mentation and animal age were the most
important factors determining the likeli-
hood of poisoning, and that geographic
origin had a marginal influence. There was
considerable variability in detoxification
rates. Individual differences indicated that
there could be a tenfold variation in rates
of TMV detoxification among cattle
regardless of treatment. In 1995 for exam-
ple, the range of values for the control
group was 10-620 (uM/liter/hour) and for
the supplement group it was 81-425. In
1996, the values ranged from 193-740 and
226-759 for the 2 groups, respectively.
Clearly, some cattle had acquired a resis-
tance to TMV poisoning as evidenced by
their enhanced rates of TMV detoxifica-
tion regardless of treatment. Changes from
year to year may reflect differences among
animals or in forage quality. The absence
of treatment differences during 1995 and
1996 (Table 3) might be attributed to the
adaptation of the control groups to TMV
and the natural in vivo enrichment of
detoxifying bacteria (Anderson et al.
1998). As well, it is documented that a
transfer of rumen microbial activity can
occur between treated and control groups
by contact or through close proximity
(Cheng et al. 1985). This type of contact
would have been possible during the ini-

tial grazing interval on pasture C when the
cattle were in adjacent fields. The animals
also shared a common squeeze chute when
sampled. It should also be noted that in
earlier studies (Majak 1992) control
groups on domesticated feeds showed
much lower rates of detoxification
(60-262).

The limitations of the stomach pump
sampling technique should be noted.
Unlike obtaining whole rumen contents
via cannula, the tube method yields fluid
samples with a variable proportion of sali-
va. Rumen bacteria are primarily associat-
ed with the particulate phase of rumen
digesta (McAllister et al. 1994). This
phase is obtained in limited quantities by
the tube method. Also, the typical volume
of the composite sample via cannula (500
ml) is much larger and more representa-
tive of rumen contents than the smaller
tube sample (50 ml). When duplicate sam-
ples (n = 74) were obtained by the tube
method, the agreement between sample
rates was acceptable. The average differ-
ence was 12.5% with a 95% confidence
interval of 3.2 to 23%. To avoid further
trauma, it was not feasible to obtain rumen
samples from affected animals due to their
poor and unstable condition.

Rates of detoxification were not
detectably affected by protein supplemen-
tation in 2000 (Table 3) and effect of ori-
gin was less pronounced in 2000 than in
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1999 (Table 4). The latter suggests that the
effect of origin on rates of detoxification
declines in second-calf heifers due to pre-
vious exposure to timber milkvetch
(TMV). Higher rates were evident for B.C.
cattle during 1998-2000 but not during
1995-96 (Table 4). Cattle from B.C. were
purchased from the Cariboo region in
1998 where TMYV is a major component of
their diet (Majak et al. 1996). In contrast,
B.C. cattle in 1995 and 1996 were pur-
chased from the greater Kamloops region
where TMV is a minor or occasional com-
ponent in the Douglas Fir forest.

It is also possible that tolerance to TMV
could be mediated by hepatic mechanisms.
Amino acid conjugation of natural prod-
ucts by hepatic enzymes is known to occur
(Scheline 1991) and amino acid conju-
gates of 3-nitropropionic acid (NPA) have
been detected in nature (Majak et al.
1998). The relative rates of hepatic bioac-
tivation (oxidation of NPOH to NPA) and
detoxification (reduction or conjugation)
might also be a factor in the differential
toxicity of NPOH to cattle.

Management Implications

Incidents of early, acute and chronic
timber milkvetch (TMV) poisoning were
documented using 143 cows in a 6-year
study at a lodgepole pine forest site in
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B.C. Lactating first-calf heifers were most
susceptible to TMV and they showed
acute signs of poisoning. Second calf
heifers showed delayed chronic signs
especially during exertion. Older cows and
yearling heifers were the least susceptible.
Heifers that were purchased in Alberta and
not previously exposed to TMV were
more prone to TMV poisoning than cattle
that were native to B.C. Protein supple-
ments provided adequate protection from
TMV regardless of age or prior history.
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