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Sericea lespedeza (Lespedeza cuneata) is an important 
forage in some parts of the southeastern United 
States. An introduced legume that thrives in soils of 
low fertility, older varieties of sericea introduced in 

the tallgrass prairie region of the Great Plains became invasive 
because of their competitive characteristics that are, in part, at-
tributable to high concentrations of condensed tannins (CTs), 
which discourage grazing and reduce performance of cattle.1–3 
CTs in concentrations below 50–60 g CT/kg dry matter 
(DM) benefit ruminants by reducing incidence of bloat and 
improving nitrogen balance.4,5 Higher concentrations of CT 
negatively affect digestive processes,6 rumen microbes,7 and 
gut mucosa,8 which collectively deter foraging. CT content of 
older sericea varieties often exceeds 100 g/kg DM.9

Biological control of sericea with insects is problematic 
because of their potential to spread and decimate important 
forage. Although goats can control sericea,10 cattle ranchers 
in the tallgrass prairie region are not inclined to use goats in 
numbers large enough to provide effective control of sericea. 
Accordingly, we evaluated cattle grazing as a means of re-
ducing the density of sericea stands enough to allow the na-
tive plant species to coexist with sericea. Yellow sweet clover 
(Melilotus officinalis), abundant in the mid- and short-grass 
prairies of western Kansas, is a good analogy. Although sweet 
clover is an aggressive species that can replace native species, 
this seldom occurs because grazing by cattle keeps the density 
of sweet clover low. In doing range inventories, we observed 
that if the cover of sericea is less than 60%, native plant spe-
cies can coexist with sericea. Our challenge was how to help 
cattle cope with the high concentrations of CT.

Phase I: Tannins, Sericea, and Feedback
Polyethylene glycol (PEG) binds with tannins to form an in-
soluble complex that prevents CT from binding to protein 
in the rumen.11 PEG has been used to counteract the ad-
verse effects of CT, improving digestibility, palatability, and 
intake.12,13 The premise behind using PEG to induce cattle to 
eat sericea is the postingestive feedback theory of diet selec-
tion.14 According to this theory, cattle do not avoid sericea 
and other tannin-rich plants because they find them inher-
ently distasteful but because they associate the taste of forages 
with negative postingestive consequences because of excesses 
of compounds like CT. If so, using PEG to reverse the nega-
tive postingestive effects of tannins in sericea should entice 
cattle to eat it.

We conducted a pen trial to measure intake and prefer-
ence using procedures approved by the Utah State Univer-
sity Institutional Animal Care and Use Committee (IACUC 
No. 1297). In the intake experiment, eight control steers and 
eight PEG-supplemented steers were offered prairie hay and 
fresh-cut sericea in separate meals across six trial periods with 
each trial period lasting 6 days. The day after each of trial 
periods 2 to 6, we conducted a preference test in which the 
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steers were offered prairie hay and fresh-cut sericea simulta-
neously (for detailed discussions see Mantz et al.15).

We found PEG increased the intake of sericea. The two 
groups of steers consumed a similar amount of sericea (seri-
cea dry matter intake as a percentage of total dry matter in-
take) during the first 2 days of the intake trials, but beginning 
on day 3, the PEG-supplemented steers began consuming 
more sericea than the control steers did and continued to do 
so throughout the remainder of the trials (Fig. 1). The prefer-
ence tests showed PEG had an even stronger influence on the 
percentage of sericea consumed by the steers (Fig. 2).

Phase II: Pasture Trials
Following the successful pen trial in 2003, we initiated the 
first of two seasons of pasture trials in 2004. The trials were 
conducted in Greenwood County, Kansas, which is predomi-
nately (83%) native rangeland or tame pasture with tall and 
mid grasses comprising more than 80% of the climax veg-
etation on most range sites.16 Greenwood County, Kansas, 
is part of the 14-county area termed the bluestem pasture re-
gion.17 Most of the county, including the areas used in our 
study, is in the Bluestem Hills land resource area, which is 
immediately east of the Flint Hills land resource area.16 The 
topography is gently to moderately sloping with clay subsoil. 
Bedrock material is a mixture of shale and limestone.16 El-
evation ranges from 267 m to 354 m above sea level. The 
county receives an annual average of 95.6 cm of precipitation, 
70 percent of which is received in April through September.18

In the fall of 2003, four adjacent pastures between 21.5 
ha and 27.5 ha were mapped by global positioning system. 
The vegetative cover of these pastures was determined in No-
vember 2003, and those measurements were repeated in June 
2005 and October 2005 (Table 1).

We stocked 11 to 13 steers (initial weight  251 kg) in 
each pasture to give a 2.0 ha per steer stocking rate in all 

pastures. This rate is considered light stocking.19 It is 20% less 
than the average full-season stocking rate for cattle of this 
weight class in the bluestem pasture region of Kansas.17 The 
light stocking rate was used to allow steers to express their 
dietary preferences throughout the season.

All animals received a supplement placed in covered feed-
ers every other day. The supplement contained 25% crude 
protein (CP). Although this concentration of CP was higher 
than needed during the early season, concentrate-based sup-
plements containing less than 20% CP negatively affect for-
age intake later in the season as forage quality declines.20 Salt 
was added to limit intake of the base supplement to a target 
of 0.45 kg of supplement per steer per day.21 We used a self-
fed means to deliver the supplement because hand feeding of 
supplement can alter grazing behavior.22

Animals in the control group received only the base supple-
ment, whereas animals in the PEG treatment received the base 
supplement with PEG. The base supplement, added salt, and 
PEG were mixed in an electric cement mixer the day of feed-
ing with wet molasses (41 g per steer per day) added to prevent 
sorting. Salt content was adjusted up or down for each pasture 
as needed to regulate supplement intake to the target value. 
If the steers in a pasture consumed their supplement entirely 
before the scheduled feeding day, additional supplement was 
put out to ensure animals had constant availability of supple-
ment. Supplementation began on 15 May 2004. On 22 May 
2004, PEG was introduced to the supplement in pastures 1 
and 3, which had been randomly assigned to the PEG treat-
ment. PEG was added in incremental amounts starting with 
an average of 60 g per steer per day with an additional 20–40 g 
per steer per day added to the supplement during each feeding 
up to the target of 250 g per steer per day, which was reached 
by 3 June 2004; PEG supplementation remained at that level 
throughout the season. In the pen studies, we had shown that 
these levels of PEG markedly increase intake of sericea.

Figure 1. Daily consumption of sericea lespedeza (SL) by control and 
polyethylene glycol (PEG)–supplemented steers as a percentage of total 
forage dry matter intake (SL %) during the intake phase of six trial pe-
riods, each 6 days in duration. Data are least squares means (± SEM). 
Treatment means differed (P < 0.05) all days except days 1 and 2. From 
Mantz et al. (2009),15 used by permission.

Figure 2. Preference for sericea lespedeza (SL) by control and polyeth-
ylene glycol (PEG)–supplemented steers relative to prairie hay (PH) as 
measured by percentage of SL in the diet (SL %) in the five preference 
tests. Data are least squares means (± SEM). Means represented by bars 
lacking common letters differ (P < 0.05). From Mantz et al. (2009),15 used 
by permission.
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Feeding behavior for every animal was recorded using scan 
sampling.23 Steers in each pasture were sampled by two ob-
servers on horseback for 2 hours in the morning and 2 hours 
in the evening, once a week for each pasture. Scan sampling 
was performed by one observer in a control pasture and one 
observer in an adjacent PEG-supplemented pasture. Two 
days were required to sample both control and PEG-supple-
mented pastures.

Scan samples were obtained at 7-minute intervals from 
7:00 am to 9:00 am and from 6:50 pm to 8:50 pm. These 
periods were adjusted as needed to compensate for the de-
creasing day-length during the latter half of each season by 
starting the evening scans earlier and the morning scans later. 
Every 7 minutes, the incidence of feeding on sericea, forbs, 
grass, trees, shrubs, supplement, or nonfeeding of each steer 
was recorded. Frequency of feeding on sericea was calculated 

as a percentage of the total number of scans when steers were 
foraging. In 2004, the scan sampling began the week of 28 
June and concluded the week of 11 October.

We continued the grazing trial in 2005 with a new set 
of steers. The pastures assigned to the PEG-supplemented 
treatment in 2004 were assigned to the control treatment in 
2005 and vice versa. However, in 2005, the research pastures 
were damaged by vapor drift from an herbicide application 
used to control sericea in the pasture immediately east of the 
research pastures. Only the northwest corner of pasture 4 
escaped major herbicide injury.24 Therefore, we will mainly 
emphasize the results from 2004 with only passing mention 
made of the 2005 results.

In the 2004 pasture trial, steers used sericea extensively 
in late August and September (Fig. 3). Although steers in 
the PEG-supplemented pastures consumed nearly twice the 

Table 1. Sericea lespedeza and other plant cover (%) in the four research pastures as determined by read-
ings of a 0.1-m2 Daubenmire frame along stratified random transects on three dates

Date/pasture Sericea Grass
Forbs + 
shrubs

Total Sericea/total

November 2003

 1 2.9 72.1 25.8 100.8 2.9

 2 2.5 82.0 14.0 98.4 2.5

 3 5.6 81.7 9.7 96.9 5.7

 4 4.1 85.8 8.0 97.9 4.1

July 2005

 1 11.8 59.9 54.4 126.1 9.4

 2 7.6 60.1 52.6 120.3 6.3

 3 14.7 67.9 34.7 117.3 12.6

 4 4.9 74.8 28.9 108.6 4.5

October 2005

 1 11.7 82.8 27.2 121.6 9.6

 2 11.3 74.9 36.6 122.8 9.2

 3 12.9 78.7 18.9 110.5 11.7

 4 11.3 76.1 20.6 107.9 10.4
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sericea of their counterparts in the control pastures, those dif-
ferences were not statistically significant.i There are three rea-
sons that the statistical models did not show a more-signifi-
cant effect for PEG supplementation. First, pastures were the 
unit of replication, and each treatment was only replicated 
twice, making it hard to show highly significant differences 
between treatments. Second, the steers in the control pastures 
consumed a surprising amount sericea, likely because of the 
supplement they received. They were fed a 25% CP range 
supplement made primarily of rolled oats and soybean meal, 
both of which have a high content of rumen-degradable pro-
tein, which increases intake of high-tannin forages.25 The 
supplement also contained a large percentage of molasses, 
which also increases consumption of high-tannin forages.26 
Third, the response to PEG supplementation was “trumped” 
by the even larger response to the week of sampling, which 
was highly significant.ii Most of the sericea consumption by 
steers in both treatments occurred from 23 August onward.

Perhaps the most important finding was that sericea seems 
to have a “window of vulnerability” in late August and Sep-

i P value of the difference was only 0.20.
ii P ≤ 0.0001.

tember. In contrast to the commonly held belief that cattle 
will consume little, if any, sericea during the late season,3 the 
highest levels of sericea use occurred in late August and Sep-
tember (Figs. 3 and 4). In 2004, the first major increase in 
sericea consumption occurred in pasture 1 during the week of 
23 August, with the other pastures following during the next 
2 weeks (Fig. 3). In 2005, during the same week (22 August 
2005), there was a major increase in sericea consumption in 
pasture 4 (Fig. 4). In 2005, pasture 4 was in the PEG-sup-
plemented treatment and had a large patch of sericea in its 
northwest corner that escaped the worst of the spray damage. 
Hart10 observed that stocker goats on Kansas rangeland also 
consumed more sericea in the late season, although he attrib-
uted this phenomenon to the novelty of sericea causing the 
goats to avoid it until they had depleted familiar browse spe-
cies. During August, cattle in the southeastern United States 
begin browsing large sericea plants ignored during the early 
part of the summer.27

Sericea never accounted for more than 13% of the plant 
cover in our pastures (Table 1), yet from late August through 
September, it accounted for 25–50% of grazing scans in the 
two PEG-supplemented pastures in 2004 and in one of the 
PEG-supplemented pastures in 2005. Steers also ate consid-
erable sericea in the control pastures during late August and 
September 2004 (Fig. 3). Two factors likely influenced the 
selective grazing of sericea by cattle during late August and 
September. The first is a decline in the antinutritional effect 
of the CT in sericea. Although the seasonal declines in the 
concentration of extractable CT noted in the present study 
(Table 2) are modest, previous research suggests qualitative 
changes occur in sericea tannins during mid August, which 
decrease the inhibition of digestive enzymes (Fig. 5).28 That 
same study showed that enzyme inhibition by aqueous ex-
tracts of sericea was only modestly correlated with total con-
centrations of extractable CTs.

The second factor is the decline in grass quality during 
late summer and fall,24 which, in the tallgrass prairie, often 
leads to a nutritional deficit, as evidenced by declining aver-

Figure 4. Weekly percentage of sericea lespedeza in total grazing scans 
in steers by pasture in 2005. Data are mean values (± SEM).

Figure 3. Weekly percentage of sericea lespedeza in total grazing scans 
in steers by A, pasture and B, treatment in 2004. Data are mean values 
(± SEM).
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age daily gains in our study and in the study of Smith and 
Owensby.29 The decline in forage quality leads cattle to seek 
alternative nutrient sources, as evidenced by both higher seri-
cea consumption in the late season and higher levels of salt 
needed to limit supplement intake.24 In the intake and prefer-
ence trials we conducted in pens,15 the alternative forage was 
harvested prairie hay, the quality of which did not change 
across season. Although sericea intake increased in the late 
season during that study, the relative magnitude of that in-
crease was less than seen in the pasture study.

Summary and Need For Future Research
Our research shows that PEG enhanced intake and prefer-
ence of steers for sericea in pen trials and in grazing trials 

in late August and September. In the grazing trials, steers 
supplemented with PEG ate more sericea than did the steers 
not supplemented. The 25% CP range supplement (primar-
ily of rolled oats, soybean meal, and molasses) we fed likely 
increased intake of sericea by steers not supplemented with 
PEG. Cattle fed corn steep liquor, a protein supplement that 
contains large concentrations of the amino acid proline, in-
creased intake of sericea-contaminated prairie hay by 25%.30 
Further research and management may explore the relative 
merits of supplementation with PEG or protein in terms of 
cattle performance and ability to use sericea, the influence of 
supplements on the abundance of sericea, and the costs of 
supplements relative to the use of herbicides.
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