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Abstract

Advancing our ability to use invasive plants for producing commodities is central to the agricultural industry. Our objective was
to evaluate Russian knapweed (Acroptilon repens [L.] DC.) as a winter feed supplement for ruminant livestock. In Experiment
1, we utilized three ruminally cannulated steers in a completely randomized design to compare the ruminal degradation
characteristics of alfalfa and Russian knapweed. In the second experiment, Russian knapweed and alfalfa were compared as
protein supplements using 48 midgestation, beef cows (530 6 5 kg) offered ad libitum hard fescue (Festuca brevipila Tracey)
straw in an 84-d study. Treatments included an unsupplemented control and alfalfa or Russian knapweed provided on an iso-
nitrogenous basis. In Experiment 1, the rate and effective degradability of neutral detergent fiber was greater for alfalfa
compared with Russian knapweed (P� 0.02). Ruminal lag time for NDF (period before measurable disappearance began) was
greater for knapweed (P¼0.03). Soluble nitrogen, rate of N degradation, rumen degradable N, and effective degradability of N
were all greater for alfalfa compared with Russian knapweed (P , 0.01). In Experiment 2, supplementation increased (P , 0.01)
cow weight gain and BCS compared to the unsupplemented control with no difference between alfalfa and Russian knapweed
(P¼0.47). There was no difference (P¼0.60) in the quantity of straw offered between the unsupplemented cows and
supplemented groups, but alfalfa fed cows were offered approximately 11% more (P¼0.03) than Russian knapweed-fed cows.
Total DM offered to cows was greater (P , 0.01) for supplemented compared with unsupplemented cows with no difference
noted between alfalfa and Russian knapweed (P¼0.79). Russian knapweed is comparable to alfalfa as a protein supplement for
beef cows consuming low-quality forage. Using Russian knapweed as a nutritional supplement can help solve two major
production problems; managing an invasive weed, and providing a feedstuff that reduces an impediment in livestock production
systems.
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INTRODUCTION

Invasion of agricultural land by nonindigenous plants is a
worldwide problem that costs producers millions of dollars
each year (Radosevich et al. 2007). Substantial effort has
focused on developing methods for controlling weeds and
restoring invasive plant-infested rangeland. Identifying benefi-
cial uses of invasive weeds has received some attention,
especially for grazing (Landgraf et al. 1984) and for medical
treatments (Efthimiadou et al. 2012). It is becoming increas-
ingly clear that using invasive plants will be a necessary
component of managing them. An ideal situation would be to
use invasive weeds to fill a need while confronting an obstacle
in the production of agricultural commodities.

As rangeland plants senesce during summer, livestock forage
quality declines rapidly and remains low through fall and
winter, creating an impediment in animal production in the
Intermountain West (Adams and Short 1988). Annual winter
feed costs in this region often total $100 to $200 per cow,
representing a significant economic constraint for cow–calf
producers. Winter feed costs normally include harvested forage
and supplement necessary to sustain, or increase, cow body

condition score (BCS) prior to calving. Feeding nutritious hay,
especially alfalfa (Medicago sativa L.), and providing supple-
ments to cows is often necessary to optimize conception rates
and maintain a 365-d calving interval (Herd and Sprott 1986).
Consequently, the ability to compete with other regions of the

United States often depends on how effectively cow–calf
producers in the Intermountain West can reduce winter feed
costs while maintaining acceptable levels of livestock perfor-
mance (Merrill et al. 2008).

Russian knapweed (Acroptilon repens [L.] DC.) is a
rhizomatous perennial invasive plant native to Eurasia that is
highly competitive and invades productive habitats (Duncan
2005). It is widely established throughout the western United
States, with infestations estimated at 557 000 ha in 1998
(Whitson 1999). Also, this weed is rapidly expanding its range,
with annual spread in the western United States estimated
between 8% and 14% (Simmons 1985; Duncan 2005). Russian
knapweed can be temporally controlled with herbicides, but
rapidly reinvades once the herbicide has dissipated, especially if
cool-season grasses cannot be established (Whitson 1999).
Consequently, complex integrated pest management programs
have been developed for restoring Russian knapweed-infested

rangeland (Sheley et al. 2007). However, integrated manage-
ment of Russian knapweed is very difficult and expensive
(Whitson 1999). Russian knapweed can produce nearly 2 200
kg � ha�1 and has been reported to have protein values similar to
alfalfa (Whitson 1999). Because it is often harvestable, Russian
knapweed may have potential as a supplemental feedstuff for
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beef cattle consuming low-quality forages (, 6% crude protein
[CP]; dry matter [DM] basis) during winter feeding. Our
objective was to evaluate the potential for using Russian
knapweed as a winter feed supplement for ruminant livestock.
Therefore, we compared the ruminal degradation characteris-
tics of Russian knapweed vs. alfalfa and also compared their
use as protein supplements for beef cows consuming low-
quality forage. Although this paper specifically discusses
Russian knapweed as a feedstuff for cattle, we want to provide
a caution if producers are feeding cattle and horses together. It
is important that Russian knapweed not be fed to horses
because of the potential for a fatal neurological disorder, equine
nigeropallidal encephalomalacia or ‘‘chewing disease’’ (Young
et al. 1970).

MATERIALS AND METHODS

Russian knapweed used in these experiments was swathed at
the initiation of flowering (June), allowed to dry to about 15%
moisture content, raked into a windrow, and baled. All
experimental procedures used in this study were approved by
the Oregon State University Institutional Animal Care and Use
Committee (ACUP# 3092).

Ruminal Degradation of Alfalfa and Russian Knapweed

Experimental Design. Three ruminally cannulated Angus 3

Hereford steers were used in a completely randomized design to
evaluate the ruminal degradation characteristics of alfalfa and
Russian knapweed. Steers had ad libitum access to 6.5% (CP;
DM basis) meadow hay consisting of approximately 82%
meadow foxtail (Alopecurus pratensis L.) with the majority of
the remaining vegetation being rushes (Juncus spp.), sedges
(Carex spp.), and blue wild rye (Elymus triticoides Buckley;
Wenick et al. 2008). The steers were offered the low-quality
meadow hay diet for at least 90 d prior to the start of this
experiment.

Data Collection. Dacron bags (10 3 20 cm; Ankom
Technology Corp, Fairport, NY) were labeled with a water-
proof permanent marker, weighed, and 4 g (air equilibrated) of
ground (1-mm; Wiley Mill; Model 4; Arthur H. Thomas,
Philadelphia, PA) alfalfa or Russian knapweed was added and
the bags sealed with an impulse sealer (TISH-200; TEW
Electric Heating Equipment Co, Ltd, Taipei, Taiwan). Tripli-
cate bags for each forage source were placed in a bucket
containing warm water (39 C) and introduced into the rumen
within 5 min. Bags were placed in a weighted polyester mesh
bag within the rumen of each steer (0, 2, 8, 12, 24, 48, and 96
h) in reverse order, allowing all bags to be removed
simultaneously. Three blank Dacron bags were incubated for
96 h and used to correct for microbial and feed contamination.
Upon removal, Dacron bags were rinsed under tap water until
the effluent was clear, and dried at 55 C for 24 h. The dried
triplicates were allowed to air equilibrate for 24 h at room
temperature, weighed for residual DM, composited by steer,
time and forage type, and analyzed for neutral detergent fiber
(NDF; Robertson and Van Soest 1981) using procedures
modified for use in an Ankom 200 Fiber Analyzer (Ankom

Technology Corp). The NDF residue was then weighed and
analyzed for nitrogen (N; Leco CN-2000; Leco Corp, St.
Joseph, MI). Effective degradability of DM, NDF, and N was
determined as described by Hoffman et al. (1993) using a
ruminal passage rate of 2% � hour�1 (Mass et al. 1999). Rumen
degradable protein (RDP) was calculated as described by
Ørskov and McDonald (1979) with rumen undegradable
protein (RUP) calculated as 1�RDP.

Statistical Analyses. Kinetic variables for NDF and N
digestibility were estimated with SAS (SAS Institute, Inc, Cary
NC) using the modified nonlinear regression procedure
described by Fadel (2004). Data were analyzed using the
MIXED procedure of SAS. The model included hay type as the
independent variable. Steer was used as random variable.
Means were separated using LSD protected by a significant F-
test (P� 0.05).

Cow Performance

Experimental Design. Forty-eight pregnant (approximately
120 d), 3-yr-old, primiparous, Angus 3 Hereford cows
(530 6 5 kg) were used in an 84-d performance study. Cows
were stratified by body condition score (BCS; 1¼emaciated to
9¼obese; Herd and Sprott 1986) and weight and assigned
randomly, within stratification, to one of three treatments.
Treatments were an unsupplemented control, alfalfa supple-
mentation, or Russian knapweed supplementation). Cows were
then sorted by treatment and allotted randomly to 1 of 12 pens
(4 cows � pen�1; 4 pens � treatment�1). A trace mineralized salt
mix was available free choice (7.3% Ca, 7.2% P, 27.8% Na,
23.1% Cl, 1.5% K, 1.7% Mg, 0.5% S, 2 307 ppm Mn, 3 034
ppm Fe, 1 340 ppm Cu, 3 202 ppm Zn, 32 ppm Co, 78 ppm I,
85 ppm Se, 79 IU . kg�1 vitamin E, and 397 000 IU � kg�1

vitamin A). Cows were bunk-fed and provided ad libitum
access to hard fescue (Festuca brevipila Tracey) seed straw
(Table 1). The quantity of straw provided was noted daily but
was not weighed back. Alfalfa and Russian knapweed were
provided Monday, Wednesday, and Friday on an iso-nitroge-
nous basis (approximately 0.50 kg � head�1 � d�1 averaged over a
7-d period). The amounts (DM basis) provided on Mondays
and Wednesdays was 4.54 kg � head�1 and 6.80 kg � head�1 for
alfalfa and Russian knapweed, respectively. On Fridays, alfalfa
fed cows received 6.80 kg � hd�1 and Russian knapweed fed
cows received 10.21 kg � head�1.

Data Collection. Samples (approximately 200 g) of hard fescue
grass seed straw, alfalfa, and Russian knapweed were collected
weekly, dried at 55 C for 48 h, ground through a Wiley mill (1-

Table 1. Nutrient content (dry matter basis) of feedstuffs.

Item

Feedstuff

Hard fescue straw Alfalfa Russian knapweed

Crude protein, % 3.8 20.6 13.4

Organic matter, % 93.9 89.8 94.4

NDF, %1 79.7 45.5 50.1

ADF, %2 46.9 32.6 34.4
1Neutral detergent fiber.
2Acid detergent fiber.
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mm screen; Model 4; Arthur H. Thomas), and composited by

42-d period for determination of CP, NDF, and acid detergent

fiber (ADF). Feed samples were analyzed for dry matter (DM;

AOAC, 1996), ADF (Goering and Van Soest 1970), and NDF

(Robertson and Van Soest 1981) using procedures modified for

use in an Ankom 200 Fiber Analyzer (Ankom Technology

Corp), N (Leco CN-2000; Leco Corp), and organic matter

[OM; AOAC 1990). Cow body weight and BCS was

independently measured every 42 d following an overnight

shrink (16 h) by three trained observers. The same technicians

were used throughout the experiment.

Statistical Analysis. Cow performance data were analyzed as a

randomized complete block design (Cochran and Cox 1957)

using the MIXED procedure of SAS (SAS Institute. Inc). The

model included the effects of block and treatment. Data were

analyzed using pen (treatment) as the random variable.

Orthogonal contrasts (unsupplemented vs. alfalfa and Russian

knapweed; alfalfa vs. Russian knapweed) were used to

partition specific treatment effects.

RESULTS AND DISCUSSION

A major impediment in livestock production exists in the

Intermountain West because early senescing, cool-season plants

lose nutritional quality early in the fall and remain low in

quality throughout the fall and winter. Compounding this

problem, hay production in the United States has decreased
significantly in recent years. For example, the total number of
hectares harvested for hay in the United States declined from
24.2 million in 2010 to 22.8 million in 2012 (Crop Production
2012 Summary; USDA National Agricultural Statistics Service
2012). As a result, total hay production decreased from 132
million metric tons to less than 108 million metric tons over the
same time period. The decreased production has resulted in
greater hay prices, which poses a serious economical challenge
for cattle producers. The need for less expensive forages for
supplementation is substantial. One such potential feedstuff
might be Russian knapweed. This rhizomatous perennial
invasive weed grows in dense monocultures on some of the
most accessible and productive range and wild land in the West
(Whitson 1999).

Hay Quality
The nutritional quality of the hard fescue seed straw, alfalfa,
and Russian knapweed is provided in Table 1. Hard fescue hay
was poor quality. Russian knapweed hay was of fair quality,
and alfalfa was premium quality.

Ruminal Degradation of Alfalfa and Russian Knapweed
We noted no difference (P� 0.07) between alfalfa and Russian
knapweed for the A (soluble fraction; total pool disappearing at
a rate too rapid to measure), B (degradable pool that
disappeared at a measureable rate), and C (undegradeable
pool) fractions of NDF (Table 2). However, the rate of NDF
disappearance was almost 60% greater for alfalfa (P , 0.05)
and the lag time (period until disappearance of NDF began)
was almost 2 h less for alfalfa (P , 0.05), compared with
Russian knapweed.

The soluble N pool was greater for alfalfa (P¼0.002), with
Russian knapweed having greater degradable (B fraction) and
undegradable (C fraction) N pools (P , 0.010). However, the
rate of ruminal N degradation was not influenced by forage
source (P¼0.50). In addition, alfalfa had greater RDP and
effective N degradability (P , 0.01) while Russian knapweed
had more RUP (P , 0.001).

Many of the ruminal degradation parameters of NDF and N
in alfalfa and Russian knapweed are similar. Also, the first
consideration when balancing a diet for mature beef cattle
consuming low-quality forages is normally to address a
deficiency of RDP (NRC 2000). This is to maximize ruminal
fermentation and production of microbial protein, the primary
source of N flowing to the small intestine of grazing ruminants
(Hannah et al. 1991; Köster et al. 1996; Bohnert et al. 2002a).
Consequently, even though alfalfa had greater RDP and
effective degradability of N compared with Russian knapweed,
both forges would make excellent protein supplements for beef
cattle. For example, in our study, the RDP content of alfalfa
and Russian knapweed was 96% and 92%, respectively. The
RDP of some commonly used protein supplements for beef
cattle consuming low-quality forages are 66% (soybean meal),
48% (dried distillers grains), 57% (cottonseed meal), and 68%
(canola meal) based in information from NRC (2000). Cool-
season forages have shown to have increased RDP over warm-
season forages and this might explain the high RDP of both
knapweed and alfalfa (Bohnert et al. 2011). Therefore, Russian

Table 2. Ruminal degradation parameters of alfalfa and Russian
knapweed.

Degradation parameters Alfalfa Knapweed SEM1 P value

Neutral detergent fiber

Fractions, %2

A 18.3 16.3 1.02 0.24

B 43.2 47.6 1.22 0.07

C 38.5 36.1 0.98 0.16

Kd, % � h�1, 3 7.3 4.6 0.47 0.02

Lag, h 1.2 3.1 0.76 0.03

Effective degradability, %4 52.0 49.4 0.50 0.01

Nitrogen

Fractions, %

A 51.5 40.2 1.12 0.002

B 45.9 54.6 1.3 0.009

C 2.6 5.1 0.20 0.009

Kd, % � h�1, 3 11.6 8.6 2.72 0.50

RDP, %5 95.9 91.7 0.07 , 0.001

RUP, %6 4.1 8.3 0.07 , 0.001

Effective degradability, %4 97.4 94.9 0.20 0.009
1SEM indicates standard error of the mean.
2A indicates fraction of total pool disappearing at a rate too rapid to measure; B fraction of total

pool disappearing at a measurable rate; C, fraction of total pool unavailable in the rumen.
3Fractional rate of degradation constant.
4Calculated as Aþ [B * (Kd � [KdþKp]�1)], where Kp was the ruminal passage rate, which was

set at 0.02 � h�1 (Hoffman et al. 1993).
5Rumen degradable protein (% of total crude protein); calculated as described by Ørskov and

McDonald (1979).
6Rumen undegradable protein (% of total crude protein); calculated as 1�RDP.
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knapweed is potentially an excellent source of RDP for beef
cattle.

Cow Performance
Supplementation with protein has been shown to increase cow
weight gain and BCS (Clanton and Zimmerman 1970; Bohnert
et al. 2002b), forage intake and digestibility (Kartchner 1980,
Köster et al. 1996), and can improve reproductive performance
(Sasser et al. 1988; Wiley et al. 1991). The results of the current
study agree with the studies of Clanton and Zimmerman
(1970) and Bohnert et al. (2002b) that protein supplementation
of low-quality forage (, 6% CP; DM basis) increases cow BCS
and weight gain compared with unsupplemented controls.
Final body weight of the cows was improved with supplemen-
tation (P , 0.001; Table 3) whereas no difference was noted
between alfalfa- and Russian knapweed-supplemented cows
(P¼0.47). The alfalfa- and Russian knapweed-supplemented
cows each gained approximately 40 kg during the feeding
period compared with a loss of 19 kg by the control cows
(P , 0.001; Table 3). No difference was noted between alfalfa
and Russian knapweed (P¼0.87). Likewise, final BCS of cows
fed alfalfa or Russian knapweed increased 0.3 and 0.2,
respectively, whereas unsupplemented cows lost 1.1 BCS
(P , 0.001). Consequently, supplemented cows had the same
BCS (5.6) at the end of the 84-d feeding period (P¼0.47) which
was greater than those not supplemented (4.2; P , 0.001).
Although this is the first study aimed at evaluating Russian
knapweed as a feedstuff, the improved cow performance agrees
with previous work that has demonstrated increased cow BCS
and weight change with alfalfa supplementation of low-quality
forages (Horney et al. 1996; Weder et al. 1999).

The quantity of hard fescue straw offered was not affected by
supplementation (P¼0.60; Table 3); however, the quantity
offered to the cows fed alfalfa was 1.2 kg � d�1 greater than that
offered to cows fed Russian knapweed (P¼0.03). This was
probably the result of the greater quantity of supplement DM
(1.2 kg � d�1) provided by Russian knapweed, to account for the
lower CP% compared with alfalfa, which substituted for the
hard fescue straw. This was verified when the total DM offered
was compared. There was no difference between alfalfa and
Russian knapweed (P¼0.79; 13.2 kg � d�1 for each); but

supplemented cows had more total DM offered than the

unsupplemented control cows (P , 0.001). Horney et al.

(1996) reported comparable results when comparing alfalfa

and vegetative tall fescue hay as protein supplements to cattle

consuming 4% CP tall fescue straw. They noted no supple-

mentation effect on straw intake but reported an increase in

total DM intake with supplementation. Also, they reported that

fescue straw intake by steers was greater with alfalfa

supplementation compared with those steers receiving tall

fescue hay. The tall fescue hay had a lower CP concentration

than the alfalfa (12% vs. 19%), which resulted in a substitution

effect similar to that observed in the current study for Russian

knapweed. It is worth noting that cows readily consumed

Russian knapweed and seemed to find it highly palatable,

especially compared to the basal diet (hard fescue grass seed

straw). This contrasts with reports that nonharvested Russian

knapweed will not be consumed by livestock because of its

bitter flavor (Whitson 1999).

MANAGEMENT IMPLICATIONS

Invasive plant management will necessarily require advancing

our ability to use invaders in creative ways that support the

production of agricultural commodities. In addition to targeted

grazing, some invasive plants might be useful as a winter

feedstuff to supplement livestock fed low-quality hay. Russian

knapweed hay can be safely used as a nutritional supplement

for mature beef cattle consuming low-quality forages, with

results similar to supplementing alfalfa when provided on an

iso-nitrogenous basis. Using Russian knapweed as a nutritional

supplement solves two very serious production problems by

lessening the negative impacts of an invasive weed and helping

to remove an impediment in livestock production systems.
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