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Abstract 

Leafy spurge (Euphorbia esula L.) represents a serious threat to 
the productivity and profitability of many cattle ranches in the 
midwestern U.S. Sheep and goats will graze the weed, but cattle 
generally do not. We hypothesized that cattle avoid leafy spurge 
because it contains 1 or more chemicals that elicit a conditioned 
flavor aversion when consumed. First, we tested cattle to deter- 
mine if they reduced their intake of a novel feed on subsequent days 
if we modestly increased rumen fill by introducing additional feed 
or additional feed plus an aversive agent (lithium chloride, LiCI) 
after they had consumed the novel feed. We observed that cattle 
became averted (P = .OOOl) to the novel feed only when LiCI was 
administered with additional feed. Simply increasing rumen fill by 
a small amount did not cause cattle to reduce their intake of the 
novel feed the following day. Secondly, we tested cattle to deter- 
mine if they reduced their intake of a novel feed on subsequent days 
if we introduced leafy spurge into their rumina following consump- 
tion of the novel feed. We also tested cattle to determine if a 
spurge-induced aversion to a novel feed was preventable by inocu- 
lation with rumen microbes from sheep with spurge in their diets. 
We found that introducing spurge into cattle after their intake of 
novel feed reduced (P<.Ol) their intake of the novel feed on 
subsequent days. Cattle inoculated with rumen microbes from 
spurge-adapted sheep had similar ($9.40) aversions to a novel 
feed paired with spurge introductions. Apparently, cattle avoid 
leafy spurge partly or wholly because they develop a conditioned 
aversion after first ingesting some threshold amount of it. 
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Leafy spurge (Euphorbia esula L.), an aggressive perennial weed 
from Eurasia, is seriously threatening the productivity and profit- 
ability of many range-based cattle operations in the United States. 
While sheep or goats may ingest and consequently help control the 
spread of spurge, cattle generally consume little, if any (Lym et al. 
1988). It is commonly believed that spurge is harmful to cattle 
(Lacey et al. 1985, Lym and Kirby 1987), yet sheep and goats can 
sustain high productivity with considerable daily intake of growing 
spurge (Landgraf et al. 1984, Bartz et al. 1985, Lym et al. 1988). 
Their high productivity is likely a response to high crude protein 
(1528% of dry matter) and low acid detergent fiber (13-25s of dry 
matter) levels in spurge’s vegetative and flowering stages (Fox et al. 
1991). 
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Small ruminant grazing can effectively check spurge expansion, 
but spurge abundance will increase if grazing is discontinued 
(Lacey et al. 1984). If cattle could be adapted to tolerate and graze 
spurge similarly to sheep or goats, then cattle, the predominant 
range livestock in the U.S., could be used to check the spread of this 
weed while utilizing it as forage. One obstacle in making this 
practice work is the potential of cattle forming aversions to spurge. 

Burritt and Provenza (1989) demonstrated that sheep will 
develop conditioned aversions to novel feeds when these feeds are 
paired with negative post-ingestive consequences. We observed 
cattle consume small amounts (II kg) of pre-senescent spurge on 
range and in confinement for 1 or 2 days, then stop consuming it. 
Consequently, we speculated that cattle avoid leafy spurge because 
they develop a conditioned aversion to spurge after they first 
consume it. 

We hypothesized that 1 or more aversive compounds in leafy 
spurge elicit negative post-ingestive consequences in cattle, and 
further that the aversive compounds in spurge could be modified or 
degraded before eliciting negative post-ingestive malaise. Ruminal 
microbes can degrade some plant toxins (James et al. 1975, Carl- 
son and Breeze 1984), hence we reasoned that sheep may harbor 1 
or more ruminal microbial species capable of metabolically alter- 
ing potentially aversive compounds in spurge, while cattle may 
lack this capacity and are consequently averted to spurge. 

In this paper, we report on 2 experiments designed to investigate 
aspects of cattle feeding behavior with respect to leafy spurge. The 
first experiment was designed solely to test part of the methodol- 
ogy used in the second experiment. The objective of the first 
experiment was to determine whether cattle will avoid or reduce 
their intake of a novel feed, simply because the bulk fill in their 
rumina is modestly increased by the introduction of additional 
plant material (ruminal fill was increased by a similar amount in 
both experiments), or if the introduction of an aversive chemical 
(e.g., lithium chloride) is necessary to elicit reduction in novel feed 
intake. The objectives of our second experiment were to determine 
whether the introduction of leafy spurge into cattle rumina causes 
conditioned feed aversion, and if we might prevent a spurge- 
induced aversion by introducing ruminal digesta (with its compli- 
ment of microbes) from spurge-consuming sheep into cattle. 

Materials and Methods 

Experiment 1 
Fifteen rumen-fistulated Hereford calves (mean wt, 18 1 kg) were 

randomly divided into 3 treatment groups of 5 calves each. During 
the trial, Group-l calves were dosed with aIfaIfa (Medicago saliva 
L.) pellets within 0.5 hour after consuming a novel feed (Vitality 
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Milk Plus Pellets’). This feed is a highly palatable concentrate. 
Group-2 calves were dosed with alfalfa pellets plus lithium chloride 
(LiCl) (80 mg/ kg body weight) within 0.5 hour after consuming the 
novel feed, while Group-3 calves did not receive post-consumption 
dosages after consuming the novel feed. Lithium chloride is an 
aversive agent which is quickly absorbed from the digestive tract 
(Harrison et al. 1963) and has been used in numerous studies to 
elicit conditioned taste aversions (Braveman and Bronstein 1985). 
Alfalfa pellets and LiCl were placed into calves’ rumina through 
their fistulas. 

on day 1. The amount of novel feed con&med by each calf was 
determined on each day. 

In addition, all calves received a basal ration of alfalfa pellets 
sufficient to permit an average daily gain of 0.2 kg (NRC 1984). 
Calves were fed their basal ration in 2 equal feedings at 0900 and 
1500 hours; this schedule was started 2 weeks prior to the initiation 

For calves in Groups 1 and 2, the amount of alfalfa pellets placed 
in the rumen each trial day was equal to the weight of the novel feed 
they had consumed that day; LiCl was administered in the gelatin 

of the trials. Calves were allowed 1.5 hours to eat their basal ration, 

capsules. Each calf in Groups 1 and 2 was given alfalfa pellets or 
alfalfa pellets and LiCl on each trial day that it ingested any 

then were released into large pens with unlimited access to trace- 

amount of the novel feed. Beginning on day 1 of the trial, 907 grams 
(2 pounds) of the novel feed were offered to each calf from 0800 to 

mineral salt and water. 

0900 hours. The calves were tested for aversion to the novel feed on 
days 3,5,7, and 9 following their initial exposure to the novel feed 

novel feed consumed to provide the calves with a realistic intake 
ratio of novel feed to spurge. One-half of the daily basal ration was 
fed at 1500 hours. 

Leafy spurge, in seed-development stage, was cut about 6 cm 
above the ground from rangeland at the Red Bluff Research 
Ranch, 56 km west of Bozeman, Mont. Spurge was hand-chopped 
into about 1.5 cm* pieces before insertion into designated calves. 
The order in which the calves received chopped spurge was 
adjusted daily to control for potential change in chemical charac- 
teristics of spurge over the 2-hour period from harvest to treat- 
ment. Leafy spurge contains potentially inflammatory diterpenoid 
ingenols (Upadhyay et al. 1978; Seip and Hecker 1982) that may be 
the aversive agents for cattle. The chemical instability of ingenols is 
reported to be high in heat, light, oxygen, and alkaline or acidic 
conditions (Evans 1986); therefore we attempted to minimize the 
time between harvest and introduction of spurge into the cattle. 
The calves were tested for aversion to the novel feed on 5 consecu- 
tive days following their initial exposure to the novel feed on day 1. 

analyzed with analysis of variance as a completely randomized 
design with the General Linear Models (GLM) procedure of SAS 
(1988). Data for novel feed intake on subsequent days were first 
analyzed by analysis of covariance with novel feed intakes on day 1 
as the covariate. If the covariate was not significant (-0. lo), it 
was excluded from the model used for analysis of variance. Data 
for novel feed intake on subsequent days were analyzed using a 
repeated measures design and the GLM procedure of SAS (1988). 
Individuals were nested within treatment groups and the calf 

For both experiments, data for novel feed intake on day 1 were 

Experiment 2 (treatment) mean square was the error term for the F statistic for 

Fifteen rumen-fistulated Hereford calves (mean wt, 172 kg) were treatment. Data were balanced for both experiments. When 

randomly divided into 3 treatment groups of 5 calves each. Group- appropriate, individual means were compared using the protected 

1 calves received pre-trial inoculations of ruminal microbes (in LSD procedure (SAS 1988). 

digesta) from 2 adilt sheep that had about 1 kg/ day of fresh&t 
leafy spurge (seed-development growth stage) in their diets for 2 

Results and Discussion 

weeks before ruminal digesta was collected. On 3 alternate days of Experiment 1 
the week preceding the trial, each calf in Group 1 received 200 On the first day of the trial, novel feed intake was similar (P = 
ml/day of ruminal digesta from the sheep. On the mornings of 0.28) among calves in all 3 groups (Table 1). Novel feed intake on 
these 3 days, about 750 ml of ruminal contents were collected from 
each sheep. The 2 collections were pooled, mixed, and stored in an Table 1. Mean daily intakes (g) of the novel feed (AI SE) for treatment 

insulated container. Each calf received its portion within 0.5 hour 
groups in Experiment 1. 

after the digesta had been collected. Calves in Groups 2 and 3 did 
not receive pre-trial manipulations of their rumen environment. 
Calves in Groups 1 and 2 received spurge during the trial and 
Group-3 calves served as controls. 

During the pre-trial period, calves received a basal ration of 
alfalfa pellets which were fed at a rate to permit an average daily 
gain of 0.2 kg (NRC 1984). Calves were fed their basal ration in 2 
equal portions at 0800 and 1500 hours. The basal ration was fed for 
2 weeks before the trial began. Calves were allowed 1.5 hours to eat 
their basal ration, then were released into large pens with unlimited 
access to trace-mineral salt and water. 

During the trial, calves in Groups 1 and 2 had leafy spurge 
introduced into their rumina on each day that they consumed any 
amount of the novel feed (an alfalfa- and grain-based horse pellet). 
The novel feed was offered at 0800 hours in place of the basal 
ration. Calves were fed individually, and the amount of novel feed 
offered each calf equaled the weight of the basal ration they had 
been fed at 0800 hours during the pre-trial period. A quantity of 
fresh spurge, equal to the weight of novel feed consumed, was 
introduced into each calf’s rumen within 2 hours after it consumed 
the novel feed. The dose of spurge was matched with the amount of 

‘Nutrena Feed Div., Cargill, Minneapolis, Minn. 55440. Use of this product does not 
constitute an endorsement by the Montana Agr. Exp. Sta. 

Group Day Day 3” Dayb Day” Day 9b 

1” 
___________________(k*SE)___________________ 

907’fO 907 907 f0 907’ f 0 907’ f 0 
2d 884’ f 23 0 84g f 42 344’ f 212 13Sg f 56 
3’ 895’ f 12 907 907’fO 907’ f 0 907’f 0 

‘There was no variation, in intakes among individuals in the 3 groups on day 3; 
therefore, analyus of vanance was not conducted on data for this day. 
Calves in groups I and 3 ate all of the novel feed offered on these days. 

‘Group I calves received alfalfa pellets after they ate the novel feed. 
%roup 2 calves received alfalfa pellets and LiCl after they ate the novel feed. 
‘Group 3 calves received neither alfalfa pellets nor LiCl after they ate the novel feed. 
‘-‘Means for the same day with different superscripts differ (K.0 1). 

day 1 was not a significant covariate (DO.20) in the models for 
novel feed intake on days 3,5,7, and 9. However, treatments had a 
strong effect (P = 0.0001) on novel feed intake on subsequent days 
of the trial. Individual days and the interaction of days with treat- 
ments were not important (nO.20) variables affecting novel feed 
intake. The group of calves that received LiCl (2) was the only 
group that was averted to the novel feed on the test days (P<O.Ol). 
In contrast, calves in Groups 1 and 3 ate all of the novel feed offered 
on these days. Apparently, a small increase in rumen fill resulting 
from introduction of alfalfa pellets into Group-l calves had no 
negative effect on their consumption of novel feed. Our results 
agree with those of Olson and Ralphs (1986), who averted cattle to 
alfalfa pellets by ruminal infusions of lithium chloride or an extract 
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from the poisonous plant tall larkspur (Delphinium barbeyi L. 
Huth) after cattle had eaten alfalfa pellets. Their heifers developed 
strong and persistent aversions to alfalfa pellets by the fifth feeding 
paired with either type of infusion. 

Experiment 2 
On the first day of the trial, calves in all groups had similar (P = 

0.70) intake of novel feed (Fig. 1). Novel feed intake on day 1 was 
not a significant covariate (P<O.49) in the models for novel feed 

woo I 

0 1 2 
a Day ’ 

s 2 7 

Fig. 1. Consumption of novel feed (g) during a l-hour period by 3 treament 
groups of cattle on each day of a 6-day trial. Group 1 calves (-•-) 
received pre-trial inoculations of ruminal microbes (in digest@ from 
sheep that had leafy spurge in their diets and the calves received spurge 
each day shortly after they ate the novel feed. Group 2 calves (- n -) did 
not receive a pretrial treatment, but they received spurge each day 
shortly after they ate the novel feed. Group 3 calves (-A -) did not 
receive a pre-trial treatment and they did not receive spurge when they 
ate the novel feed. Bars represent f SE. 

intakes on days 2 through 6. However, subsequent intakes varied 
(P= 0.0001) as functions of treatment and day; the day X treatment 
interaction was not significant (P = 0.41). Both groups that had 
received chopped spurge after consuming the novel feed on day 1 
ingested less (P = 0.001) of the novel feed on day 2 than Group-3 
calves that had not received spurge. Calves in Group 1 that received 
ruminal digesta from sheep were as averted (-0.17) to the novel 
feed as calves that received spurge without a rumen pre-treatment 
(Group 2). 

Transferring ruminal digesta from sheep with spurge-containing 
diets did not prevent cattle from developing a spurge-induced 
aversion. This finding suggests that if sheep harbor ruminal 
microbes that can alter or degrade aversive chemicals in spurge and 
if we successfully transferred them, they may not be able to exist (or 
exist in sufficient numbers) in cattle rumina. Alternatively, ruminal 
microbes in cattle may produce an aversive substance from spurge, 
whereas sheep ruminal microbes may not. If this possibility occurs, 
transferring ruminal microbes from sheep to cattle would not alter 
the aversive response of cattle to spurge. 

Calves that did not receive spurge (Group 3) ate increasing 
amounts of novel feed during the trial. After day 2, the groups that 
received spruge ate gradually increasing amounts of the novel feed. 
Their responses are similar to those observed by Burritt and Pro- 
venza (1989) with lambs offered LiCl-treated or untreated corn, 
oats, or calf-manna, and to those of Provenza et al. (1990) with 
goats offered pellets of older-growth blackbrush (Coleogyne 
ramosissima Torr.) which had been coated with purified condensed 
tannins. There are several possible explanations for the increased 
intake of novel feed by calves which received spurge. First, calves 
may have developed a physiological tolerance to the aversive chem- 
ical(s) in spurge. Second, calves’ruminal microbes may have deve- 
loped enhanced metabolic capacity to degrade aversive chemicals 
in spurge; consequently, calves may have absorbed lower levels of 
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the aversive chemicals and had reduced levels of negative feedback. 
Finally, previous exposure to spurge may have sequentially 
reduced the level of post-ingestive malaise that calves experienced 
with each additional exposure to aversive compounds in spurge; 
consequently, they experienced declining aversion to spurge. This 
preexposure effect has been discussed by Braveman (1977). 

Summary 

Aversions by calves to a novel feed were induced only when the 
aversive chemical LiCl was introduced following intake of the 
novel feed. Introduction of a small amount of additional forage 
into calves’ rumina, with consequent increase in rumen bulk fill, 
did not reduce intake of the novel feed on subsequent days. The 
introduction of leafy spurge into cattle rumina elicited conditioned 
aversions to a novel feed they consumed. This finding suggests that 
cattle avoid spurge partly or wholly because they develop a condi- 
tioned aversion to it after intially ingesting some threshold 
amount. Introduction of ruminal digesta and microbes from sheep 
with spurge in their diets did not prevent cattle from developing a 
spurge-induced aversion. 
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